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Abstract 
This report summarizes progress of the Lockheed 
Idaho Technologies Company (Lockheed Idaho) 
Laboratory-Directed Research and Development 
(LDRD) program during the fiscal year 1995 at the 
Idaho National Engineering Laboratory (INEL). The 
report includes progress reports from one hundred 
eighty-two individual R&D projects in five 
categories. The LDRD program is under the 
auspices of DOE Order 5000.4A. 

Report 
This report is issued by the Idaho National Engineering 
Laboratory (INEL). The INEL is a multiprogram 
engineering and science laboratory operated by 
Lockheed Idaho Technologies Company for the 
Department of Energy. 

Inquiries about the INEL LDRD Program may be 
directed to the LDRD Office: 

Debonny L. Shod 
Lockheed Idaho Technologies Company 

Idaho Falls, Idaho 83415 
Telephone 208-526-0430 
e-mail dls@inel.gov. 

P. 0. BOX 1625- 2214 

This report was prepared as an account of work sponsored 
by the United States Government. Neither the United States 
nor the United States Department of Energy, nor their 
employees, subcontractors, or their employees, (1) make any 
warranty, express or implied, or assumes any legal liability 
of any information, apparatus, product, or process dis- 
closed, or represents that its use would not inhinge private- 
ly owned rights; not (2) endorses or approves, either 
expressly or by implication any apparatus, product, or 
process or the use thereof covered by this report. 
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hat hopes and fears does the scientific method imply for 
mankind? I do not think that this is the right way to put 
that question. Whatever this tool in the hand of man 
will produce depends entirely on the nature of the goals 
alive in this mankind. Once these goals exist, the scien- 
tific method furnishes means to realize them. Yet it can- 
not furnish the very goals. The scientific method itself 
would not have led anywhere, it would not even have 
been born without a passionate striving for clear under- 
standing. 

W 

-Albert Einstein 
Out of My Later Years 
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Condensed Matter (see page 242). 

Plasma Processes for Black Liquor Gasification 
(see page 156) 

Laboratory-Directed Research and 
Development Program Overview 
The Laboratory-Directed 

Research and Development Pro- 
gram (LDRD) is a key component 
of the discretionary research con- 
ducted by Lockheed Idaho Tech- 
nologies Company (Lockheed 
Idaho) at the Idaho National Engi- 
neering Laboratory (INEL). The 
threefold purpose and goal of the 
LDRD program is to maintain the 
scientific and technical vitality of 
the INEL, respond to and support 
new technical opportunities, and 
enhance the a&ty and flexibility 
of the national laboratory and 
Lockheed Idaho to address the 
current and future missions of the 
Department of Energy. 

The LDRD Program is a key 
link between technology users and 
technology developers in formu- 
lating a strategically aligned 
research and development portfo- 
lio that addresses both current and 
future technology needs of the 
INEL, the Department of Energy, 
and the U.S. national needs. The 
LDRD Program promotes syner- 
gistic partnerships with universi- 
ties to engage the diverse research 
resources that complement those 
of the INEL. Collaboration with 
other national laboratories maxi- 
mizes the value of the LDRD 
investment. Based on an under- 
standing of the technology needs 
of industrial sectors, the Laborato- 
ry can leverage its existing 
resources to bridge the gap 
between embryonic or emerging 
technologies and their industrial 
applications. LDRD projects are 
the seed corn research and develop- 
ment that sustains the vitality and 
value of the national laboratories. 
Technologies developed through 
LDRD projects generate world- 
renowned scientific expertise and 

licensable inteIlectual property that 
strengthen the economic capabili- 
ties of the United States. 

Company became the management 
and operating contractor at the 
Idaho National Engineering Labo- 
ratory at the outset of Fiscal Year 
1995. The LDRD portfolio was 
reoriented to more closely align 
research to support new missions 
and business objectives. The 
INEL’s relatively new status as the 
lead Environmental Restoration 
and Waste Management (EM) 
Laboratory in the DOE complex is 
reflected in the distribution of 
research projects in the portfolio. 

five major categories, or thrusts. 
The National Integrated Environ- 
mental Management (NIEM) 
Thrust encompasses a wide vari- 
ety of operational and innovative 
research and development pro- 
grams directed at waste manage- 
ment, environmental restoration, 
pollution prevention, and integrat- 
ed environmental management. 
The products of this thrust would 
be faster and cheaper cleanup, 
commercialization of environmen- 
tally derived technologies, and the 
ability to influence environmental 
policy and programmatic decision- 
making within and outside the 
DOE complex. 

The Nuclear Operations and 
Nuclear Materials Dispositioning 
(NO&NMD) Thrust comprises the 
wide variety of nuclear research 
and development programs at the 
INEL. Research extends over both 
industrial and medical uses of 
radiation science and technology, 
with emphasis on signrficant com- 
mercial potential and on building 

Lockheed Idaho Technologies 

The LDRD portfolio comprises 
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4 Laboratory-Directed Research and Development Program Overview 

FY-95 LDRD Program Statistics 

Total projects 182 
Smallest project $9K 
Largest project $406K 

Average project (FTE) 0.75 
Average project $84K 

major technical contributions to 
nuclear materials production, fis- 
sile materials dispositioning, and 
nuclear nonproliferation. 

Infrastructure Technology 
Test/Evaluation Center ( m C )  
Thrust focus on capabilities and 
products that would minimize 
risks and costs in sustaining the 
U.S. infrastructure. Beginning 
with aging nuclear plants, this 
research enhances the safety and 
economic security of the nation by 
minimizing risks and costs for 
extending structural life, mainte- 
nance and surveillance of existing 
structures, rehabilitation and retro- 
fit of structures affected by natural 
disasters, and design and construc- 
tion of new structures 

The National Derived Use and 
Technology Transfer Center 
(NDUTTC) Thrust facilitates dual 
use of investment of public 

The projects in the National 

resources (made for public benefit) 
for both DOE mission support and 
for derived, industrial use in the 
areas of energy, environment, and 
national security, aided by innova- 
tive policies, procedures, contracts, 
and industry- government part- 
nerships. This thrust is expected 
to lead to large-scale and engi- 
neering prototype demonstration 
projects at the INEL. 

Long-Term Research Initia- 
tives (LTRI) sustain core compe- 
tencies or develop such competen- 
cies in areas deemed critical for 
future missions. The research 
activities tend to be fundamental 
in nature, focusing on the creation 
of new knowledge rather than on 
near-term application. The 
remaining eighty-one percent of 
the LDRD portfolio comprises more 
highly focused projects that span 
the technology development spec- 
trum from fundamental to applied. 

of value because it enhances our 
ability to address the technological 
needs of our existing customers, 
and because it enables us to 
address the needs of potential cus- 
tomers. The projects in the FY-95 
portfolio were selected based on 
their potential to realize a return 
on investment. This annual report 

Research and development is 

Classification categories taken from 
Third Generation R&D, Roussel, Saad, Erickson (1991) 

catalogues and organizes informa- 
tion about these projects in a vari- 
ety of ways that illustrate the bal- 
ance in the portfolio. 

The following sections of the 
report present summaries of each 
of the 182 projects funded in Fiscal 
Year 1995 grouped by the five 
strategic thrust areas. 

The figure below displays the 
FY-95 LDRD portfolio categorized 
by potential return on investment. 
The three R&D-type categories are 
from Third Generation R&D , Rous- 
sel, Saad, and Erickson (1991). 
Approximately 36% of the FY-95 
LDRD portfolio pursued incre- 
mental research, focusing on novel 
exploitation of existing scientific 
and engineering knowledge (gen- 
erally, low risk, moderate reward). 
Approximately 37% of the portfo- 
lio pursued radical research, 
focusing on creation of new 
knowledge for specific business 
objectives (generally higher risk, 
high reward). And approximately 
27% of the portfolio pursued fun- 
damental research, focusing on the 
creation of new knowledge to 
broaden and deepen understanding 
of a scientific or engineering area 
(generally, high risk, uncertain 
applicability to identified business 
needs). The portfolio was generally 
balanced in terms of anticipated 
risk and expected return on 
investment. 

lowing page displays the FY-95 
LDRD portfolio categorized 
according to the maturity of the 
technologies pursued. Again, the 
categories were taken from Third 
Generation R&D. Because the role 
of the LDRD Program is to be the 
company’s seed corn, an under- 
standing of technology maturity is 
extremely important. From it is 
gained insight useful in develop- 
ing R&D strategies, marketing 
decisions, estimating probability 

The figure at the top of the fol- 
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R&D technology maturity taken from 
Third Generation R&D, Roussel, Saad, Erickson (1991) 

of success, etc. Approximately 
45% of the LDRD portfolio pur- 
sued embryonic technologies. 
Embryonic research is character- 
ized by application within 7 to 15 
years and high durability of tech- 
nical advantage. Approximately 
50% of the LDRD portfolio pur- 
sued growth technologies. Growth 
research is characterized by appli- 
cation within 2 to 7 years and 
moderate durability of technical 
advantage. Only 4% of the portfolio 
focuses on mature technologies, 
(within 1 to 4 years and fair dura- 

bility of technical advantage). Less 
than 1% of the portfolio focuses 
on aging technologies (within 1 to 
4 years with very short durability 
of technical advantage). 

indexes to the LDRD project sum- 
maries organized by author 
(Appendix A) and by title and 
project number (Appendix B). 
Specific performance measures for 
each LDRD project are presented 
in Appendix C and summarized 
in the table below. A matrix pre- 
sents the FY-95 LDRD projects 

Appended to this report are 

6813.1 I 

., 
NDUlTC NlEM NlITEC NO&NMD LTRl 

F96 0055 

M-95 Performance Measures 

Refereed publications 1 i 7  
Symposia organized or 
chaired 24 

Invited presentations 82 
Patent disclosures* 61 
Patent applications* 67 
Patents awarded* 2 

Copyrights* 6 
Cooperative research and 
development agreements 18 

Work for Others agreements 2 
Students supported 176 

Licensing agreements" 9 

*These data represent a snapshot of 
multiyear LDRD Program intellectual 
property pursuits as of end of fiscal year 1995. 

showing application to major 
national programs (Appendix D). 
Also included is a list of refereed 
publications generated through 
LDRD work (Appendix E), and a 
list of acronyms used in this publi- 
cation is attached (Appendix F). 

LDRD projects or the Lockheed 
Idaho LDRD Program can be 
directed to Debonny Shoaf, LDRD 
Office, Lockheed Idaho Technolo- 
gies Company, either at P. 0. Box 
1625, MS 2214, Idaho Falls, Idaho 
83415; or by e-mail, DLS@inel.gov; 
or by telephone, 208-526-0430. 

Questions concerning specific 
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Strategic Thrust 

reat ideas emerge from the common cauldron of 
intellectual activity, and are rarely cooked up in 
private kettles from original recipes. 

G 
-James R. Newman 

Scientific American 
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Assessment Methodology for 
Enhanced Bioremediation of 

Hydrocarbons in the 
Petroleum Industry 

LDRD 102 

J. H. Wolfram 

Many sites in the world are conta- 
minated with toxic and hazardous 
organic chemicals, including petroleum 
products. The contaminating sub- 
stances often have migrated through 
the vadose soil zone and are entering 
the ground water in the aquifers. 
Bioremediation using intrinsic microor- 
ganisms is a potential way of achiev- 
ing clean-up. However, there have 
not been adequate ways to assess its 
potential, methods to optimize its rates 
of removal of the contaminants, or 
techniques to monitor its progress in 
the field. The results and methods 
developed are now being used to 
expedite clean-up and assessment for 
the progress of bioremediation at 
other sites in the State of Montana. A 
contract with Montana’s Leaking 
Underground Storage Tank program 
is adopting some of the knowledge we 
have developed over the period of this 
project. There have been many spin- 
offs of this work, both at the academic 
and commercial levels. Some of this 
work is still ongoing at Montana State 
University, supported by the petroleum 
industry. 

Objectives 
Monitor the bioremediation 
status at the Michigan site- 
State East Bay. 

Monitor the bioremediation 
status in the vadose zone at the 
Montana site. 

Develop respirometry tech- 
niques for determining the 
parameters critical for optimiz- 
ing the rate of clean-up in the 
vadose zone. 

Perform mesoscale tests using 
a glass aquifer system to deter- 
mine the dissolved oxygen 
demand in an aquifer contami- 

nated with BTEX (benzene, 
toluene, ethyl benzene, xylene) 
compounds. 

Accomplishments 
The site at State East Bay near 

Traverse City, Michigan, has been 
monitored for dissolved oxygen, 
pH, BTEX levels, and cell enumera- 
tion since December 1991. Water 
samples were collected from each 
of the monitoring wells as well as 
the purge wells and tested for the 
above parameters. This year we 
have seen a dramatic reduction in 
one of the aquifers. The contours 
for the site are shown in the figure. 
A core sample was also gathered in 
an area where cleanup has 
occurred. 

The Montana site became cont- 
aminated as a result of a pipeline 
rupture in 1988-1989, and about 
185,000 gallons of unleaded gaso- 
line leaked out. The vadose zone 
became saturated with hydrocar- 
bons and over the years began 
weeping hydrocarbons into the 
aquifer below the bed rock level. 
In 1994, a trench was dug across 
the contaminated area down to bed 
rock at 28 feet. The soil was unsat- 
urated but hydrocarbons were eas- 
ily detected. Several prefabricated 
sensing and transfer pipes were 
installed, and the soil was returned 
to its natural setting. 

The vadose. zone below the %foot 
interval was devoid of oxygen, and 
at the 25-foot intervd not only was 
oxygen depleted but high levels of 
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carbon dioxide and methane were 
found. These results were very 
surprising, different than what the 
experts would have predicted. 

A respirometry technique was 
developed that showed the impor- 
tance of the soil moisture content 
to the rate of bioremediation in 
these unsaturated soils. The soil 
moisture content was related to the 
bioavailability of selected aromatic 
hydrocarbons. A nondimensional 
bioavailability factor was generated, 
expressed either by a ratio of soil 
biodegradation rates to liquid 
biodegradation rates or as a func- 
tion of degradation and sorption 
parameters. These results are 
important new information for 
optimizing the clean-up rate in 
arid areas. 

has been designed and fabricated. 
Small Clark electrodes have been 
inserted into the apparatus for 
monitoring the oxygen levels in 
the saturated porous media. The 
aquifer has been filled with porous 
media taken from the coring at the 
Michigan site. This material has 
the intrinsic microbial flora present 
and will approximate what is tak- 
ing place in the saturated aquifer 
that is contaminated with BTEX 
compounds. The work is still 
ongoing at Montana State Univer- 
sity, where a graduate student is 
being mentored. The support is 
coming from Conoco. 

New or Increased Technical Capabilities 
Experience has been gained in 

assessing, testing, and implement- 
ing bioremediation treatments for 
in situ cleanups, and the knowl- 
edge is now assisting Montana 
State's Leaking Underground Stor- 
age Tank program. This group has 
signed a contract with MSU to 
assist them in developing faster 
and less costly ways of remediat- 
ing the 1000 sites that exist in the 
state. Two students are being 
trained in this new technology, 

The mesoscale glass aquifer 

who will become the next genera- 
tion of remediation engineers. 

Business Develqment Opportunities 
A number of states and petro- 

leum companies could use our ser- 
vices in their daily remediation 
needs. All states have many leak- 
ing underground storage tanks, 
and many of the tanks sites have 
had migration of the petroleum 
hydrocarbons. Most small consult- 
ing engineering firms do not know 
how to implement or assess this 
new technology. They are afraid 
of bidding it in their proposals and 
are reluctant to try it on sites in 
progress of clean-up. Either a con- 
sulting service could be developed 
around this expertise, or some 
kind of on-the-job-training service 
that describes the fundamentals of 
implementation of bioremediation 
in the field and how to monitor its 
progress, and how to make modifi- 
cations if needed during the clean- 
up process. 

Catalyst-Assisted 
Sonochemical Treatment of 
Hazardous Organic Wastes 

LDRD 242 

R. 8. Wright 

This project investigated the cata- 
lyst assisted sonochemical treatment 
of hazardous organic wastes. Sono- 
chemistry is the use of acoustic cavi- 
tation to induce chemical reactions. 
Cavitation is the formation of gas bub- 
bles (or cavities) in a liquid and 
occurs when the pressure within the 
liquid drops sufficiently lower than the 
vapor pressure of the liquid. Cavita- 
tion can occur from a variety of caus- 
es: turbulent flow, laser heating, elec- 
trical discharge, boiling, radiolysis, or 
acoustic irradiation. The project dealt 
only with acoustic cavitation which 
resulted from irradiation of liquids at 
frequencies of 20 kHz. Given that 

high temperatures and pressures can 
be induced in liquids during their soni- 
cation, we examined this phenome- 
non as it related to the destruction of 
hazardous organic liquids, specifically 
liquid halocarbons (VOCs) found in 
numerous waste sites [for example, 
carbon tetrachloride (CCIA, methyl- 
ene chloride (CH2Cl2), and trichloro- 
ethylene (TCE, CHC/=CCl$]. 

Objectives 
The specific objective of this 

project was the determination of 
the effectiveness of sonochemical 
processing for the destruction of 
hazardous halogenated organics 
(VOCs) to less hazardous products. 
The project explored the chemical 
products resulting from sonochem- 
ical treatment of carbon tetrachlo- 
ride, methylene chloride, and 
trichloroethylene and the affects of 
acoustic frequency, acoustic inten- 
sity, and bulk temperature on the 
products formed and the conver- 
sion efficiency of the process as 
outlined by the following test 
sequence: 

Sonication of neat liquid halo- 
carbons. 

Sonication of halocarbon liq- 
uids mixed with water, 
methanol isopropanol, hexane 
or acetone (even if the halocar- 
bon is not soluble in the sol- 
vent the sonication process 
causes emulsification of the 
two liquids). 

Sonication of neat liquid halo- 
carbons with the addition of 
soluble (for example chloropla- 
tinic acid, H2PtCk, or palladi- 
um chloride, PdC12) or sup- 
ported (on gamma-alumina 
powder for example) Pt and 
Pd catalysts (note: the insolu- 
ble supported catalysts will 
become dispersed in the liquid 
during sonication). 

Sonication of halocarbon liq- 
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uids mixed with water, 
methanol, isopropanol, hexane 
or acetone with the addition of 
soluble or supported Pt and Pd 
catalysts. 

Prior to conducting the above 
experiments, a suitable sonication 
reactor was assembled from parts 
procured from a commercial 
source (see the figure). A gas chro- 
matograph (GC) and a coupled gas 
chromatograph-mass spectrometer 
(GC-MS) were used for the qualita- 
tive and quantitative analysis of 
the reaction products formed dur- 
ing the sonochemical treatments. 

Accomplishments 

liquid, it consists of expansion 
(negative pressure) waves and 
compression (positive pressure) 
waves. These cause preexisting 
bubbles to grow and recompress. 
This acoustic cavitation can lead to 
an implosive collapse of such cavi- 
ties which can cause high-energy 
chemical processes to occur. Esti- 

When sound passes through a 

mates of the high temperatures 
and pressures created during the 
collapse of the cavities range from 
5,000K to 10,000K and 1,000 atm to 
10,000 atm. Sonochemistry is 
strongly influenced by a variety of 
external parameters, including 
acoustic frequency, acoustic inten- 
sity, bulk liquid temperature, static 
pressure, choice of ambient gas, 
and choice of solvent. 

The efficiency and selectivity 
of the sonochemical treatment of 
the VOCs was studied by varying 
those parameters (given above and 
discussed below) which directly 
influence the sonochemical process 
and also by introducing a catalyst 
into the reactor during sonication. 
By varying these parameters and 
by the use of a catalyst it was pos- 
sible to convert the VOCs to less 
harmful products. (It may also be 
possible to control the selectivity of 
the process to form specific non- 
hazardous value-added products 
useful in other industrial processes.) 
This project demonstrated the effi- 
cacy of the sonochemical process as 

Titanium 
horn - Stainless steel collar 
with O-rings 

Gas inlet/outlet 

Glass Cell 

M96 0043 

Sonication Reactor 

a new method for the remediation 
of hazardous VOCs. The results 
indicate that liquid wastes contain- 
ing up to 10 volume % of selected 
halocarbons can be converted with 
up to 100% efficiency to CO, COz 
and HCl at room temperature and 
atmospheric pressure after sonica- 
tion at 20 lcHz for 1 hour. 

The project examined the con- 
version of carbon tetrachloride 
(CCl,), methylene chloride 
(CHZClz), and trichloroethylene 
(CC1,=CCIz) when mixed (10 vol- 
ume YO concentration) with 
methanol (CH30H), isopropanol 

acetone (CH3COCH3), and water. 
The halocarbons were also mixed 
with combinations of these sol- 
vents. A marked dependence of 
reaction was observed on the 
choice of resolvent used. The addi- 
tion of 100 mg of a 1 weight % Pt 
on gamma-alumina catalyst to the 
mixture during sonication further 
promoted the sonochemical assisted 
decomposition to approximately 
100% for all of the compounds. 
The pH of the solution decreased 
to approximately 1 to 2 in all cases 
where there was a decrease in the 
amount of halocarbon after sonica- 
tion. This is a new and very excit- 
ing observation! That is, the addi- 
tion of heterogeneous catalysts to 
the mixture during sonochemical 
processing can indeed further 
increase the rate and conversion 
efficiency at which the halocarbons 
decompose. Our results (a Patent 
Idea Record is being submitted), 
and results previously reported in 
the literature, would indicate that 
sonochemical treatment of aqueous 
and nonaqueous liquid wastes is a 
new, easily implemented and 
potentially very economical 
method of remediating liquids that 
contain hazardous organic com- 
pounds. 

Nau or Increased Technical Capabilities 
This project addressed the 

development of a low temperature 

[(CH3)2CHOHl, hexane (c6H.14), 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



12 

and pressure process (i.e., the reac- 
tor itself is operating under these 
conditions, but the effect is induced 
by the high temperatures and pres- 
sures generated on the microscopic 
level), which can be scaled to large 
volume processing, and showed 
the secondary waste streams which 
are generated (for example, CO, C02, 
HC1 and HF) are easily treatable. 

Sonochemistry offers the 
potential, as yet not demonstrated 
on a commercial scale, for the 
remediation of VOCs; if not the 
selective conversion to value- 
added products, then at least to the 
more easily handled gaseous prod- 
ucts. This approach may also be 
applicable to the destruction of 
other hazardous chemicals such as 
PCBs, dioxins, herbicides, germi- 
cides, insecticides, freons and 
chemical warfare agents. The tech- 
nology is attractive as it is a low 
temperature and low pressure 
process, and large-scale sonochem- 
ical equipment and process reac- 
tors have, and are being used for 
other industrial applications. It is 
not currently known if batch or 
continuous processing of the waste 
is the optimal method of treatment. 

The further development of 
this technology will permit the 
INEL to become a major force in 
the implementation of sonochemi- 
cal processing as a means for reme- 
diating hazardous compound con- 
taining liquid waste streams. 

Business Development Opportunities 
This LDRD peqnitted the 

establishment of a working rela- 
tionship with a company that has 
developing industrial capabilities 
in the area of sonochemistry: Mon- 
tec Associated, Inc. of Billings, MT. 
With continued DOE support is 
should be possible to combine the 
INEL'S experience in this area and 
the new catalyst assisted findings 
with the promising large-scale, 
low-frequency sonochemical process- 
ing technology owned by Montec 
Associated, Inc. (trade-marked as 

National Integrated Environmental Management 

ResonantSonics) to establish a joint 
project that would lead to the com- 
mercialization of this remediation 
methodology and the establish- 
ment of licensable patent coverage 
of the findings. 

Synthesis, Characterization, 
and the Modes of Interaction 
in Volatile Organic Compound 

Sensor Materials 
LDRD 247 

G. A. Moore, J. R. Kennedy 

Chemical sensors play an ever 
increasing role in industrial process 
control, emission monitoring, waste 
site characterization, and remediation 
activities. This effort was directed 
towards the discovery and characteri- 
zation of novel volatile organic com- 
pound (VOC) sensing materials that 
could be used in high temperature 
environments such as petroleum refin- 
ery cracking towers, incinerators, or 
flue stacks. The approach taken here 
was to synthesize crystalline inorganic 
compounds which have molecular 
level pore structures and chemical 
stability up to about 5UU"C. Charac- 
terization of the synthesized materials 
include powder x-ray diffraction to 
establish the crystal structure and Dif- 
ferential Scanning Calorimetry (DSC) 
to determine the chemical stability of 
the materials and their reactivity with 
guest molecules. To this end, 
attempts to prepare pure quantities of 
the compound Taps6 were carried 
out. The compound was chosen 
since it is stable up to about 60U"C, its 
crystal structure is already known 
(contains channels with free diameter 
of about 4.65A) is structurally related 
to a number of other potentially useful 
phases, and since many of its physi- 
cal properties are still unknown (as well 
as apparently an optimized synthetic 
procedure), their determination, mea- 
surement, and application to sensing 
devices could form the basis for a 
patent. 

Objectives 
Prepare TaPS, in sufficient 
quantity to measure physical 
properties. Likely to entail 
optimizing synthetic procedure 
and equipment/apparatus set- 
up and adjustment at INEL 
laboratories. 

Measure assorted physical 
properties of target compound 
if enough compound can be 
prepared. These may include 
x-ray data, thermal behavior 
(differential scanning calorime- 
try), and, if possible, electrical 
conductivity and optical data. 

Expose/react target compound 
with volatile organic com- 
pounds at various tempera- 
tures and determine any 
change in properties. 

Prepare and submit patent 
application on findings and/or 
prepare, submit, and publish 
experimental findings in refereed 
journal if warranted. 

Present experimental findings 
as part of lecture at the spring 
1996 national meeting of the 
American Chemical Society. 

Accomplishments 
The title compound TaPS, was 

prepared by heating a stoichiomet- 
ric mixture of the elements at 
600°C for several days in an evacu- 
ated quartz ampoule. The struc- 
ture is illustrated in the Figure and 
shows channels running in three 
dimensions with a free diameter of 
about 4.65A. Thus, small mole- 
cules can be anticipated to enter 
the channels, the presence of which 
should alter physical properties of 
the host material and provide a 
means for the materials to be used 
in sensor devices. By preparing 
the material at higher tempera- 
tures, it was hoped that it would 
be stable over a temperature range 
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Structure of Taps6, Showing Channel 
Running in One Dimension of Lattice 

up to about 500°C. In addition, it 
was hoped that the guest/host 
interactions would also occur at 
elevated temperatures for applica- 
tion in higher temperature processes. 

TaPS6 could not be prepared in 
pure form, being contaminated 
with an as yet unidentified second 
phase. Since there are a number of 
compounds with stoichiometries 
close to Taps6, the contamination is 
probably one of these structurally 
related phases. Thermal testing 
was performed to identdy the sta- 
bility and reactivity of the mixed 
material. Differential scanning 
calorimetry (DSC) revealed that the 
phases are stable over the tempera- 
ture range 22 to 500°C. Investiga- 
tions on the reactivity of the host 
material mixture with methanol 
using the DSC technique show that 
reaction/interaction does indeed 
take place. Endothermic transi- 
tions occur at about 110,140,161, 
and 169°C. Since no clear transi- 
tion is observed at ca. 65°C (the 
boiling point of methanol at 1 
atmosphere pressure), it can be 
proposed that the transition at 
110°C is the higher pressure liquid- 
gas transition for methanol (experi- 
ment performed in sealed vessel). 

The two transitions at 140°C 
and 161°C are intriguing since they 

must represent some type of inter- 
action between the host material 
mixture and the gaseous methanol. 
It is not clear what the nature of 
these interactions is. Since the 
pure phase has not yet been 
secured, further measurements on 
the physical properties have not 
been performed. 

Preliminary experiments have 
shown that TaPS6 and/or a related 
material will interact with gaseous 
methanol at elevated temperatures. 
The intimate mechanism(s) of the 
interactions are not yet known, nor 
are the effects on the physical 
properties of the material(s). The 
results are, however, extremely 
encouraging since it appears that 
these and related materials are fea- 
sible candidates for applications in 
chemical sensing devices operating 
in environments at temperatures 
far above 100°C. 

New m Increased Technical Capabilities 
These preliminary results have 

given the INEL new expertise and 
experience in the area of high tem- 
perature chemical sensing materials. 
Specifically, TaPS6 and or a related 
phase have been shown to interact 
with gaseous methanol at tempera- 
tures between 100°C and 200°C. 
These results are encouraging to 
pursue further studies to achieve 
sensing capabilities at tempera- 
tures above 200°C. Continued 
work in this area would be to fur- 
ther and more fully investigate the 
Tal's6 material as well as the entire 
Ta/P/S phase region around this 
stoichiometry. Expanded efforts 
should be directed at designing 
new materials whose structures 
would accommodate guest com- 
pounds as well as investigating 
known materials for their propen- 
sity to interact in this manner. 

Integration of Sample 
Introduction Techniques, 

Torch Design, and Optics for 
Determining Trace Metals in 

Biological Samples with 
Inductively Coupled Plasma 

Atomic Emission Spectrometer 
LDRD 262 

W. F. Bauer 

There is a need for multielement 
analytical techniques to determine 
trace metal concentrations in biologi- 
cal samples. These analytical tech- 
niques must be suitable for adaptation 
to and routine use in clinical or toxico- 
logical laboratory environment. While 
there are many elemental spectroscopic 
techniques available for trace metal 
determinations in widely varied sample 
matrices, current commercial instru- 
mentation is not necessarily easy to 
use and, therefore, is not readily 
adaptable to many clinical environ- 
ments. The goal of this work was to 
develop analytical techniques and 
instrumentation for trace metal analy- 
sis in biological samples that would be 
specifically geared to ward clinical and 
toxicological laboratories. Flow injec- 
tion analysis, direct injection inductively 
coupled plasma torches, and direct 
analysis of slurried microliter samples 
of whole blood were to be investigat- 
ed. The ultimate product was expect- 
ed to be first-to-the-market, user 
friendly turn-key analytical systems for 
trace metal analysis in biological fluids. 
Interest was expressed in instrumen- 
tation with adequate sensitivity, 
dynamic range and the ability to pro- 
vide short turnaround times that is also 
suitable for operation by technicians in 
a clinical or mobile laboratoty setting. 

Objectives 
Acquire a direct injection nebu- 
lizer (DIN)/plasma torch for 
the ARL 3520 inductively cou- 
pled plasma atomic emission 
spectrometer (ICPAES) and 
assess the ability of this torch 
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to handle slurries of whole 
blood when operated in a flow 
injection analysis mode. 

Determine figures of merit for 
several elements using conven- 
tionally viewed ICP with 
DIN/plasma torch and FIA. 

Evaluate signhcant spectral 
and ionic interferences likely to 
be encountered in the analysis 
of whole blood using an axially 
viewed ICPAES instrument. 
Multivariate analysis tools 
were to be employed to com- 
pensate for these interferences. 

Accomplishments 
A series of 20 standards were 

prepared to evaluate the spectral 
and ionic interferences expected in 
the trace element analysis of whole 
blood by ICPAES and the ability of 
the analysis tool known as partial 
least squares (PLS) to compensate 
for these effects. These standards 
contained both the major (n=7) and 
trace elements (n=9) of blood in 
appropriate concentration ranges 
for each element. The concentra- 
tions were varied randomly with 
respect to each other so that there 
was little possibility that any two 
elements changed concentration in 
the same way. This would allow 
the PLS algorithm to determine 
what effect each element would 
have on every other element and 
define factors for each interaction. 
Net intensities were acquired at a 
total of 25 wavelengths using a 
conventionally viewed ICPAES 
instrument with a minitorch. 
Wavelengths were selected to rep- 
resent the selected elements well 
when considering the concentra- 
tion ranges expected, i.e., most sen- 
sitive lines for trace elements and 
less sensitive lines for macro ele- 
ments. Initial results using the PLS 
algorithm were quite promising. 
For the macro elements and the 
most sensitive trace elements, cor- 
relation coefficients of -0.99 were 

readily obtained. The less sensitive 
trace elements gave correlations of 
0.96-0.98. A larger training set 
(i.e., more standards) and/or full 
peak profiles at each wavelength 
instead of a single intensity are 
expected to sigruficantly enhance 
the correlations and lower the stan- 
dard error. The net result should 
be significantly lower detection 
limits. This set of standards was 
also to be run on an axially viewed 
ICPAES with an array detector, so 
that both the sensitivity and the 
amount of information could be 
sigruficantly enhanced. Unfortu- 
nately, a state-of-the-art, axially 
viewed ICPAES instrument is not 
available at the INEL, and the 
identified industrial collaborator 
with such an instrument was 
forced to change jobs, and contact 
was temporarily lost. This part of 
the project was not pursued farther. 

A DlN/plasma torch was also 
purchased for in-house use, how- 
ever, there were significant delays 
in getting all of the necessary parts 
to operate this torch. The net 
result was that other commitments 
for direct work were made and the 
project was not resumed due to 
time constraints. Less than 1/3 of 
the total allocated funds were spent. 

New or Increased Technical Capabilities 
Even though there were cir- 

cumstances that prevented this 
project from being completed, the 
work that was done did serve to 
increase capabilities at the INEL. 
The acquisition of the DlN/plasma 
torch will be useful in allowing the 
analysis of very small sample vol- 
umes with no waste. This will be 
useful for both conventional ele- 
mental determinations and specia- 
tion using hyphenated techniques 
such as HPLC-ICPAES. This tool 
will be useful for many missions at 
the INEL, including environmen- 
tal, waste characterization and 
research support. The successful 
application of PLS to solve interfer- 

ence problems in ICPAES may also 
find application in the analysis of 
samples with very complex matri- 
ces and, possibly, development of 
lower-cost lower-resolution instru- 
ments for specific problems, e.g., 
effluent, waste stream, or process 
monitoring. 

Business Development Opportunities 

were achieved during this early 
development stage. 

No new business opportunities 

Removal of Chlorinated 
Solvents from Air Streams 

Using Anaerobic Biofiltration 
LDRD 303 

B. D. Lee 

Subsurface soils and sediments 
contaminated with halocarbons, such 
as carbon tetrachloride or perchloro- 
ethylene (PCE), are often remediated 
using soil vapor extraction or air strip- 
ping of groundwater, producing a con- 
taminant laden off-gas stream. This 
research seeks to optimize the operat- 
ing parameters for a biofilter as part of 
the development of a commercially 
available vapor treatment system for 
the complete removal of chlorinated 
solvents such as PCE or carbon tetra- 
chloride from off-gas streams. Our 
objectives are significant for the con- 
tinued development of vapor-phase 
treatment systems for chlorinated sol- 
vents, and successful completion of 
them will ensure the INEL continued 
leadership in the development of gas- 
phase bioreactors industw wide. Cur- 
rently, there are soil vapor extraction 
operations removing carbon tetrachlo- 
ride from subsurface soils at Hanford 
and at the INEL. Activated carbon 
has been used as the method for 
remediating off-gas streams created 
from these processes. The biofiltra- 
tion system being developed has the 
potential to regenerate these carbon 
beds, or it could be used to treat the 
off-gas stream directly from the soil 
vapor extraction system. Continued 
development of these types of biofil- 
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ters at the INEL will increase econom- 
ic competitiveness of industries in the 
United States with industries in 
Europe, who are using biological treat- 
ment systems for their off-gases in 
many situations. 

Objectives 
Determine optimum nutrient 
conditions for the removal of 
chlorinated solvents from air 
streams. 

Determine the inhibitory 
effects of mixtures of dechlori- 
nation products. 

Determine the inhibitory effect 
of oxygen on the removal of 
carbon tetrachloride. 

Determine a method for sepa- 
rating chlorinated solvents 
from oxygen in off-gas stream. 

Accomplishments 

Removal of carbon tetrachlo- 
ride was determined using contin- 
uous-flow, laboratory-scale biofil- 
ters having a volume of 1.4 L. The 
biofilter bed medium was compost- 
based and amended with lava rock 
to facilitate flow, and with calcite 
to control pH. The biofilters were 
operated at an empty bed resi- 
dence time of 28 minutes. Bed 
medium microorganisms were 
supplied with methanol as the pri- 
mary source of carbon. Tests were 
run using inlet methanol concen- 
trations of 500,1,000,1,500, and 
2,000 ppmv in an attempt to deter- 
mine the effect of carbon source 
concentration on removal of carbon 
tetrachloride. Initial testing was 
done using nitric oxide (NO) as an 
added electron acceptor. In later 
testing, time-released fertilizer was 
added as a potential source of 
nitrogen in the absence of NO. 
Biofilters were operated for 
approximately 1 month without 
carbon tetrachloride in the feed 
stream. After establishing an 
anaerobic consortia on methanol, 

we fed carbon tetrachloride to the 
biofilters at a target inlet concentra- 
tion of 50 ppmv. Maximum 
removal efficiencies in the range of 
40% were achieved at methanol 
concentrations of greater than 
1,000 ppmv in biofilters that had 
been amended with some form of 
nitrogen oxide compound, either in 
the form of fertilizer or as NO. The 
volumetric productivity of the 
biofilter under operating condi- 
tions was 0.3 g of carbon tetrachlo- 
ride (m3 of bed)-l hr-1. Dechlorina- 
tion products, such as chloroform, 
never appeared in the outlet of the 
biofilter, indicating that the carbon 
tetrachloride was completely 
degraded by the bed medium 
microorganisms. Since breakdown 
products were not observed, no 
inhibition studies were performed. 
Formation of acid from the release 
of chlorine from the solvent may 
cause decreased pH in the bed, 
leading to a loss in activity. The 
bed medium pH remained above 8 
during the test period, indicating 
the calcite added to the bed was an 
adequate method of controlling 
decreasing pH. Tests to determine 
the effect of oxygen on carbon 
tetrachloride removal are in 
progress. An oxygen concentration 
of 5% has been added to the biofil- 
ter inlet. Results are not yet ade- 
quate for discussion, but initial 
results indicate that oxygen has not 
decreased carbon tetrachloride 
removal. We need more time to 
adequately prove this hypothesis. 

We chose an activated carbon- 
based oxygen/chlorinated solvent 
separation system owing to the 
natural sorption/desorption char- 
acteristics of the activated carbon. 
This system will allow for a 
steady, continuous flow of contam- 
inant to the biofilter. This is 
advantageous because the biofilter 
could also be used to regenerate 
carbon canisters on site, whereas 
they are currently being regenerat- 
ed away from the remediation site 
at increased cost to the operation. 

New or Increased Technical Capability 
Developing the anaerobic 

biofilter for removing chlorinated 
solvents will bring unique capabili- 
ties to the INEL. Continuous-flow 
anaerobic biofiltration has not been 
attempted at other national labora- 
tories, in industry, or by academia. 
The research performed will also 
lead to increased expertise in the 
area of biofiltration. The Biotech- 
nology Department at the INEL 
has been involved in the develop- 
ment of biofilters for numerous 
compounds, including petroleum 
hydrocarbons, chlorinated sol- 
vents, alcohols, terpenes, and nitro- 
gen oxide compounds. 

Business Development Opportunities 
Successful completion of this 

research project will lead to the 
design and fabrication of a com- 
mercializable treatment unit for 
vapor-phase chlorinated solvents. 
The treatment system could be 
used by environmental remedia- 
tion firms. Envirogen and Radian 
have already shown interest 
through ongoing dialog, which 
could lead to a licensing agree- 
ment. Consulting firms, such as 
Metcalf and Eddy have demon- 
strated interest in codeveloping a 
biofilter for the removal of chlori- 
nated solvents from off-gas 
streams produced from sparging of 
contaminated groundwater. 

Using Sawdust for 
Microbial Abatement of 

Acid Mine Drainage 
LDRD 0306 

K. S. Noah 

This research is determining 
whether sawdust can be used to sup- 
port a bioprocess for the remediation 
of acid mine drainage (AMD). The 
proposed process is based on the 
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metabolic activity of sulfate-reducing 
bacteria (SRB). SRB anaerobically 
reduce sulfates to sulfides, which in 
turn complex with metal ions to form 
metal sulfide precipitates; SRB also 
participate in nitrate reduction. As 
SRB consume H+ during the reduc- 
tion of sulfates and nitrates, bicarbon- 
ate alkalinity is generated, resulting in 
neutralization of the solution as well. 
In an AMD environment, microbial 
activity is limited by the availability of 
organic substrates. Sawdust, a readi- 
ly available, high-volume, low-cost for- 
est industry waste product, could pro- 
vide the necessary nutrients to sup- 
port the SRB, which in turn, remediate 
the AMD. The mining industry is in 
need of passive systems that will pro- 
vide long-term, low-cost, low-mainte- 
nance, self-sustaining technologies 
for AMD treatment, compared to con- 
ventional technologies. Sawdust 
reactors could provide a passive in 
situ immobilizing environment for the 
SRB to precipitate metals, reduce sul- 
fates and nitrates, and neutralize 
acidic water, hence meeting these cri- 
teria. Thus, an in situ biological 
process using sawdust may offer a 
long-term, cost-effective, alternative to 
conventional AMD treatments. 

0 bjectives 
Perform batch studies to deter- 
mine microbial toxicity of 
Kennecott leachate used in 
previous flow-through test. 

Revive bacteria in current 
reactors. 

Optimize the process with 
Kennecott's metal-laden 
leachate by examining the 
effects of flowrate, amount of 
sawdust, etc., on sulfate reduc- 
tion, metal removal, and neu- 
tralization of the leachate. 

Determine preliminary design 
for scale-up of this process. 

Pursue funding for small-scale 
field trials, including selection 
of suitable field locations. 

Accomplishments 
Batch studies. After approxi- 

mately 3 months of treatment of 
Kennecott leachate in FY-94, the 
leachate pH was unchanged, and 
no sigruficant sulfate or metal 
reduction had occurred. A minimal 
inhibitory study was then conduct- 
ed by adding various concentra- 
tions of the leachate to vials con- 
taining SRB, in which nutrients 
were not limited. We observed 
90% sulfate reduction at full 
strength, suggesting nutrient limi- 
tation. 

Revive bacteria. The bacteria in 
the reactor system were revived by 
passing a synthetic AMD solution 
containing lactate through the reac- 
tor. Sulfate reduction occurred, the 
pH increased, and the bacteria 
once again became viable. 

Optimization. In order to 
determine the optimal process 
variables using Kennecott leachate, 
several factors were investigated, 
including substrate. For this study, 
flow of leachate through the 
revived reactor cells was started 
again at full strength; once again, 
the pH remained low, and no 
metal or sulfate reduction occurred 
after 2 months of continuous flow. 
Optimization of the process with 
this leachate was never achieved 
owing to process failure. There- 
fore, investigation of process vari- 
ables that may have caused the 
failure, i.e., microbial toxicity or 
nutrient limitations, were further 
investigated. These studies 
revealed that the SRB were unable 
to revive themselves with lactate 
addition in the presence of 
leachate, suggesting leachate toxici- 
ty to the organisms, or N or P limi- 
tation. Nitrate and phosphate fer- 
tilizers were then added to the 
leachate and to the reactors. After 
6 weeks with N/P-supplemented 
leachate, the pH has not changed, 
and no metal or sulfate reduction 
has occurred. Thus, either leachate 

toxicity to non-SRB microorgan- 
isms or carbon limitation at a pre- 
SRB step in the process is the likely 
cause of the process failure. 

Scale-up and funding. We 
investigated this process for treat- 
ment of AMD for three agencies, 
including Cyprus Climax Metals 
Company, California State Univer- 
sity at Fresno (through Dr. Karl 
Longley of the California Regional 
Water Quality Control Board), and 
the Idaho Division of Environmen- 
tal Quality (for a mine in Northern 
Idaho). Packed columns using 
downflow were used for each 
treatment. Based on the results of 
the Idaho Division of Environmen- 
tal Quality laboratory trial, a pilot- 
scale system was designed for use 
in a field trial. We are currently 
negotiating with officials from this 
mine to begin a field trial on site in 
early FY-96. We have also identi- 
fied several other potential spon- 
sors and locations for field trials, 
which are discussed below. 

New or Increased Technical Capability 
Treatment of AMD was suc- 

cessful in the laboratory-scale 
bioreactor system. Biocatalybc 
remediation of AMD had not pre- 
viously been attempted at the 
INEL; thus, this represents a new 
technical capability at the INEL 
and an increased capability in bio- 
logical mining technologies in gen- 
eral. The next step for this system 
is field trials, which will allow us 
to study the process on site and 
also provide working examples to 
obtain further funding for addi- 
tional development and design. 
We believe that our current under- 
standing of the process, along with 
results obtained from potential 
field trials, will allow us to engi- 
neer full-scale systems that can 
successfully remediate AMD 
streams from both operational and 
abandoned mine sites more cheaply 
than conventional liming. 
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Business Dmelopment Opportunities 

our results to see whether this 
technology will remediate his 
AMD; if so, this will provide an 
additional opportunity for a field 
trial. Thompson Creek Mines was 
willing to provide a site but could 
not provide funding. Other possi- 
ble funding agencies are the 
Department of Transportation 
offices in several states, e.g., Idaho, 
Montana, etc., whose interest 
would arise from acid drainage 
from pyritic rock exposed (and 
later oxidized) during highway 
construction in mountainous areas. 
A one-page proposal for a field 
trial has been submitted to Cyprus 
Climax Metals Company. 
Although the process failed with 
Kennecott leachate, some results 
obtained during this work allowed 
us to write a one-page proposal to 
study their heap pads. We negoti- 
ated the technical work scope 
under a new invited sponsored 
WFO contract during the last week 
of FY-95. Finally, we are currently 
working with Lockheed Idaho 
ES&H, Lockheed Idaho Technology 
Transfer, a product manager from 
the Lockheed Idaho Mining and 
Minerals/Alternative Energy Prod- 
ucts office, Idaho Division of Envi- 
ronmental Quality, and the owners 
of the Northern Idaho mine site to 
finalize the proposal for the field 
trial at their mine. 

Dr. Karl Longley is awaiting 

High-Energy Computational 
Dosimetry for 

Neutron Radiotherapy 
LDRD 11 72 

D. W. Nigg, F. J. Wheeler 

This project is developing 
advanced computational methods and 
software for neutron transport and 
radiation dosimetry suitable for clinical 
application to fast-neutron therapy for 

cancer with neutron capture augmen- 
tation. The workscope is in support of 
Lockheed Idaho commitments to the 
IonidLockheed Idaho/Washington 
State University Cooperative Research 
and Development Agreement 
(CRADA) established in May, 7995. 

Objectives 
An extremely important 

aspect of all forms of radiotherapy 
for cancer is the need for pretreat- 
ment computation and optimization 
of the radiation dose distribution 
in the target volume. This so-called 
treatment planning process achieves 
the optimal therapeutic ratio 
(tumor dose relative to critical nor- 
mal tissue dose) for every individ- 
ual patient by a systematic proce- 
dure for specifying the appropriate 
irradiation parameters to be 
employed for a given treatment. 
These parameters include angle of 
therapy beam incidence, beam 
aperture and shape, and beam 
intensity as a function of position 
across the beam front. This project 
focuses on the extension of current 
INEL-developed advanced compu- 
tational methods for Neutron Cap- 
ture Therapy (NCT) to permit 
application to computational 
dosimetry and treatment planning 
of fast neutron radiotherapy with 
or without NCT augmentation. 
This will extend the range of clini- 
cal applicability of the INEL 
methodology to all known forms of 
neutron therapy, offering access to 
a much broader sector of the radio- 
therapy planning software market. 

The current version of the 
INEL NCT dosimetry software 
package (referred to in the copy- 
right documentation as 
BNCT-rtpe) has been licensed for 
beta testing to a number of NCT 
research centers worldwide, 
including Brookhaven National 
Laboratory, where it is currently 
used for human therapy planning. 
INEL is recognized worldwide as 
the leading resource for this partic- 

ular technology. The INEL 
dosimetry software is, however, 
limited in application to therapy 
modalities involving neutrons hav- 
ing energies of 17 MeV or less. 
This is more than adequate for cur- 
rent practice in neutron capture 
therapy, but not for fast neutron 
therapy, where neutron energies 
up to about 66 MeV are typically 
encountered. The objective of this 
work is to extend the range of 
applicability of the INEL software 
to neutrons having energies of 
66 MeV. 

Upon completion of the 
workscope, we will have completed 
software validated against experi- 
ment and independent computa- 
tional methods. All of the existing 
geometric reconstruction algorithms, 
radiation transport algorithms, and 
radiation dose calculational algo- 
rithms that have been developed 
for neutron capture therapy are 
still applicable, though the radia- 
tion transport methodology will 
need to be augmented with an 
explicit recoil-proton calculational 
option in order to properly handle 
the direct fast neutron component 
of the total absorbed dose from 
high-energy neutrons. This will be 
based on a standard continuous 
slowing down model based on 
proton range-energy relationships 
that are well known. In addition, 
it will be necessary to 
include the effects of certain high- 
energy threshold interactions in the 
dose calculations. The complete 
package will be benchmarked 
against standard models from the 
literature as well as against appro- 
priate measurements in tissue- 
equivalent phantoms. 

Accomplishments 

ated in late FY-95, some initial 
tasks have been completed. We 
have identified and obtained an 
appropriate high-energy cross sec- 
tion data base for the elements that 

Although the project was initi- 
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must be represented in biophysical 
models of radiation transport in 
tissue. In addition, we have initiat- 
ed the incorporation of this data 
base into a new, experimental ver- 
sion of the currently-existing INEL 
neutron capture therapy dosimetry 
software. 

New or Increased Technical Capability 
One purpose of the CRADA is 

to integrate INEL expertise in neu- 
tron capture therapy with that of 
our CRADA partner in fast neu- 
tron therapy to create a synergistic 
product. Our niche will be in the 
field of computational dosimetry 
for all forms of neutron therapy, 
where we hope to hold a position 
of international technical and com- 
mercial leadership. 

Business Development Opportunities 
The INEL has been engaged 

for a number of years in the devel- 
oping computational dosimetry 
and treatment planning methods 
and software for low-energy neu- 
tron capture therapy applications. 
We hold a signhcant intellectual 
property position in this technol- 
ogy. One anticipated outcome of 
this work will be a licensable, 
revenue-generating software 
package for computational 
dosimetry and treatment planning 
applicable to all forms of neutron 
therapy, both low- and high-energy. 
The software will then be licensed 
on a nonexclusive basis to the Ionix 
Corporation for clinical implemen- 
tation. This will satisfy our com- 
mitments under the current 
CRADA scope of work. We will 
retain rights to license the software 
package to other interested clinical 
parties as well. Even in the 
absence of the planned CRADA, an 
enhanced version of the INEL 
dosimetry software that allows 
computations appropriate to fast 
neutron therapy would be expected 
to have the potential for consider- 
able commercial value. 

Photocatalytic Treatment 
of Anionic Cyanides 

LDRD 1201 

K. L. Cering, J. J. Rosentreter 

This project assessed the perfor- 
mance of photocatalysis for the oxida- 
tion (destruction) of both simple and 
complexed anionic cyanides in water, 
where our focus was to reduce levels 
of cyanide in a given mock waste- 
water while producing nontoxic reac- 
tion products. Specifically, we investi- 
gated the use of ultraviolet (UV) and 
simulated solar energy to promote the 
oxidation of aqueous cyanide. Dr. Jeffrey 
Rosentreter and two graduate students 
from ISU performed the laboratory 
experiments that led to several clear 
and significant findings. Using an 
assortment of UV and solar-simulating 
lamps, the ISU researchers deter- 
mined that the mechanisms involved 
with cyanide oxidation involve a two- 
step process: photoaquation (dissoci- 
ation) and photo-oxidation. It was 
found that the photo-oxidation step 
occurred appreciably in solar-type 
wavelengths only when a photocata- 
lyst was used. Upon performing a 
screening study of candidate catalyst 
materials, it was determined that Ti02 
was the most practical photo-catalyst 
for our study. It was clearly shown 
that anionic cyanide was effectively 
reduced in water containing cyanide- 
bearing compounds when subjected 
to the combination of simulated sun- 
light and Ti02 Another significant 
aspect of the ISU work was the devel- 
opment of a novel piezoelectric device 
that provides real-time measurements 
of cyanide in solution; this device 
alone has excellent potential as a 
commercial analytical instrument. 

Dr. Kevin L. Gering from Lock- 
heed Idaho was Project Manager for 
this work, and performed a preliminary 
Engineering Feasibility Study for the 
use of solar energy for aqueous 
cyanide oxidation, based on the ISU 
data. This feasibility study will serve 
as the basis for a treatment prototype 

envisioned for a follow-on project (if 
funded). 

Objectives 
Construct flow cell photolysis 
reactors. 

Identify photo-active cyanide 
species. 

Identify and test candidate 
photocatalysts. 

Test treatment system using 
simulated sunlight. 

Write and present a paper for 
the ACS National Meeting 
(August 1995). 

Write a summary report for 
ISU laboratory results. 

Perform an engineering feasi- 
bility study based on the ISU 
data. 

Technical Accomplishments 

above were accomplished by Lock- 
heed Idaho and ISU. The laborato- 
ry investigation of solar treatment 
of cyanides, carried out by ISU pro- 
ject, produced several clear and sig- 
nificant findings. Three laboratory- 
scale photo-reaction cells were 
designed and fabricated. These 
cells accommodated three irradia- 
tion sources: the far UV (working 
wavelength =254 nm), the near UV 
(working wavelength =365 m), 
and a simulated solar spectrum 
(wavelengths between 320 and 
800 nm). Aqueous solutions con- 
taining simple and complex anionic 
cyanides (from sources such as 
KCN, K3Fe(CN),, K3Co(CN),, 
K3Cr(CN),, K2Zn(CN)4 , etc.) were 
interrogated using all three irradia- 
tion sources. Two homogeneous 
(no catalysis) photochemical reac- 
tions were identified: (1) the photo- 
aquation reaction is most prevalent 
at the near-W and solar wave- 
lengths, wherein the cyanide 
anions are dissociated from metal- 

AU of the technical objectives 
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cyanide complexes, and (2) photo- 
oxidation reactions occur most 
readily in the far-UV region. Since 
our focus was to evaluate the use 
of solar energy to accomplish 
photo-oxidation of cyanide, photo- 
catalysts that would enhance 
photo-oxidation at solar wave- 
lengths were investigated. Candi- 
date photocatalysts were evaluated 
through a theoretical and experi- 
mental screening study. A solid 
semiconductor material composed 
of pure titanium dioxide (Ti02) 
was determined to be the most 
useful photocatalyst for our work. 
This material is beneficial in that it 
is inexpensive, easy to handle, sta- 
ble, nontoxic, and dramatically 
effective in stimulating photo-oxi- 
dation using near-W and/or sim- 
ulated solar irradiation. The use of 
Ti02was found to be essential for 
the solar treatment of anionic 
cyanides, wherein a heterogeneous 
photochemical reaction mechanism 
would occur, converting the 
cyanide (CN-) to cyanate (CNO-), a 
nontoxic, nonregulated, stable 
reaction product. The oxidation of 
the cyanide occurs by way of a 
reaction step that involves produc- 
tion of hydroxy radicals (*OH) 
from water molecules available at 
the surface of the photocatalyst 
particles; the radicals then proceed 
to oxidize the CN- to CNO-. Our 
studies have clearly shown that 
cyanide levels drop more rapidly 
when Ti02 is present, with a sub- 
sequent rise of nontoxic cyanate. 
Many of the results for this project 
were presented (and well received) 
at the 210th National ACS Meeting 
held this year in Chicago. 

The photochemical studies 
placed a heavy demand on timely, 
accurate cyanide detection. This 
demand was met by the creation of 
a novel analytical device sensitive 
to anionic cyanide that responds in 
a real-time mode. This device, 
based on piezoelectric principles, 
was developed in tandem with the 
treatment technology and should 

reside as an integral part of any 
future prototype treatment system. 
In addition, the accuracy and 
speed of the cyanide detection 
device make it an excellent candi- 
date to be a marketable analytical 
instrument. 

liminary engineering feasibility 
study for the conceptual design of 
a portable prototype treatment sys- 
tem based on the use of solar energy 
(see the figure below). This study, 
based on the laboratory data from 
EU, considers the practical engi- 
neering aspects of using actual 
sunlight as an energy source for 
the oxidation of aqueous cyanide 
found in natural and anthro- 
pogenic sources. The feasibility 
study will serve as an excellent 
foundation for the prototype deve 
opment and fabrication proposed 
for the second year (FY-96) of this 
work. One application of the pro- 
totype will be the treatment of 
wastewaters at remote geographic 
locations (eg., abandoned mines 
and leach ponds). The prototype 
should be attractive as a mar- 
ketable technology. 

Finally, we performed a pre- 

New or Increased Technical Capability 

this project by supporting an 
emerging technology relating to 
waste treatment and water purifi- 
cation, is gaining a foothold in the 
treatment of cyanide-laden waters, 
and has strengthened the solar 
energy capability. 

The INEL has benefitted from 

Business Development Opportunities 
The work has produced a 

device (cyanide detector) with 
excellent commercial potential and 
should produce a marketable treat- 
ment system (treatment prototype) 
during the second year if funded. 
A list of potential customers has 
been started; prospects are from 
the mining sector, metallurgical 
facilities, chemical industries, etc. 
This list can serve as a basis for 
contacts within these industries for 
those who wish to participate in 
CRADA/Technology Transfer with 
the INEL. 

Wastewater 

cyanide T i 4  photo-catalyst 
Photo-reactor with Cyanide 
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Conceptual block-flow diagram of the prototype treatment system for the 
photocatalytic destruction of cyanide in wastewater 
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Catalytic Destruction of 
Halogenated Organics at 

Supercritical Fluid Conditions 
LDRD 1202 

D. M. Ginsoar, S. K. Janikowski 

This project is developing a low- 
temperature reductive catalytic 
process for the destruction of halo- 
genated organics for the treatment of 
hazardous and low-level mixed 
wastes. The treatment process is a 
viable reductive alternative to the 
oxidative destruction of halogenated 
organics. 

At the INEL, and throughout the 
DOE and DOD systems, there are sig- 
nificant quantities of hazardous halo- 
genated organics mixed with haz- 
ardous and mixed hazardous/radioac- 
tive wastes. In addition, U. S. industry 
produces thousands of tons of halo- 
genated wastes per year. The pre- 
ferred method of destruction of these 
mixed and hazardous wastes is high- 
temperature incineration. This 
method for the processing of halo- 
genated organics, is known to be 
incomplete, producing significantly 
more toxic compounds than the origi- 
nal wastes, such as PCBs, dioxins, 
and dibenzofurans. These products of 
combustion are uncontrollably 
released into the atmosphere. 

Development of the reductive low- 
temperature catalytic dehalogenation 
process would provide an economically 
viable alternative to high-temperature 
oxidative destruction of halogenated 
organics. Halogens are effectively 
substituted with hydrogen, which is 
donated by the processing solvent. 
All testing performed to date has 
demonstrated high levels of com- 
pound destruction and reaction prod- 
ucts always less hazardous than the 
feed materials. The reaction products 
are collected in a liquid and can be 
analyzed prior to final disposal. Thus, 
this process has a high potential to be 
an effective, economically efficient, 
novel treatment technology for detoxi- 
fication of chemically hazardous 
mixed waste streams. 

Objectives 
Develop a bench-scale, continu- 
ous flow, experimental reactor 
unit capable of studying the 
catalytic reaction at supercritical 
temperatures and pressures. 

dehalogenate halocarbons at 
supercritical fluid (SCF) condi- 
tions. 

Demonstrate the ability to 

Reduce hydrogen donating 
solvent usage in the catalytic 
dehalogenation reaction. 

Control catalyst activity main- 
tenance at supercritical fluid 
conditions. 

Accomplishments 

uous flow experimental reactor 
unit was built. This unit enabled 
us to study the reductive catalytic 
destruction of halogenated organ- 
ics at supercritical fluid conditions. 
The experimental unit can study 
reaction temperatures up to 350°C 
and pressures from ambient to 
6000 psig. 

were tested and all found to 
dehalogenate at the conditions 
tested. The compounds were 1,1,1 
trichloroethane, trichloroethylene, 
tetrachloroethylene, methylene 
chloride, and chlorobenzene. The 
reactions occurred over an indus- 
trial catalyst using solvents that 
donated hydrogen to the halo- 
genated molecules. Concentrations 
of the chlorinated organics in the 
processing solvent were typically 
2,000 ppm; however, 1,1,1 trichloro- 
ethane was studied at concentra- 
tions up to 100,000 ppm. Reaction 
rates were observed to be an order 
of magnitude higher near the sol- 
vent critical pressure than at ambi- 
ent pressures for a set temperature. 
Reaction rates were observed to 
moderately increase with tempera- 
ture at a given SCF pressure in the 

In FY-95, a bench-scale, contin- 

Five chlorinated hydrocarbons 
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An experimental unit capable 
of studying continuous flow 
catalytic reactions in a fixed 
bed reactor in either gas, liq- 
uid, or supercritical phases at 
temperatures up to 350 "C and 
pressures up to 6,000 psig is 
now available at the INEL. 

Expertise studying catalytic 
reactions in supercritical fluids 
has increased. 

Business Development Opportunities 
The industrial applications of 

the process are highly sigruficant. 
We anticipate that at the end of FY-96 
the process will be sufficiently 
mature to transfer the technology 
to industry. 

In conjunction with LDRD 
8615, eight companies contacted 
have expressed interest in assisting 
in development and licensing the 
technology once it is developed. 
All are potential CRADA partners 
for the scale-up and technology 
transfer tasks. The interested com- 
panies are ETAS Corporation, 
ENSR Operations, Northeast Haz- 
ardous Substance Research Center, 
Geotextiles Environmental Supply 
and Installation, Burlington Envi- 
ronmental, Inc., Laidlow Environ- 
mental Services, Inc., Rollins Envi- 
ronmental Services, Inc., and The 
3M Company. ETAS Corporation 
has signed a letter of intent to 
CRADA with Lockheed Idaho on 
the development of this technology. 

Destruction of PCBs in Oil 
Using Gamma Irradiation 

and Ozone 
LDRD 1203 

K. J. Liekhus, B. J. Mincher 

This project investigated whether 
the addition of ozone to a simulated 
waste oil containing polychloro- 
biphenyl (PCB) would accelerate the 
rate of PCB destruction. More rapid 

destruction of PCBs in mixed waste oil 
would be beneficial to the Idaho 
National Engineering Laboratory and 
other sites. 

0 bjectives 
Identify the relative rate of 

PCB destruction in samples of sim- 
ulated waste oil exposed to gamma 
irradiation with and without 
simultaneous exposure to ozone. 
The two cases investigated were 

PCB 155 (hexachlorobiphenyl) 
in iso-octane. 

Aroclor 1260 in hydraulic oil. 

Accomplishments 

tion of PCB 155 as a function of the 
absorbed radiation dose in ozonat- 
ed and nonozonated iso-octane is 
shown in the figure. The rate of 
decomposition is initially similar in 
both solutions up to a radiation 
dose rate of 1 MRad; however, the 
ozonated solution experienced no 
further sigruficant loss in PCB con- 
centration. In contrast, the PCB 
concentration in nonozonated iso- 
octane decreased steadily out to an 
absorbed dose rate of 4 Wad ,  
where PCB 155 was no longer 

The change in the concentra- 

detected. A linear regression was 
performed on the data for the 
nonozonated iso-octane, and a 
slope of 0.66 MRad-1 was obtained 
with a correlation coefficient of 0.8. 
This slope is pseudo-first-order 
and agrees with previously mea- 
sured values at similar dose rates 
and concentrations indicating 
pseudo-first-order kinetics. 

The change in the concentra- 
tion of Aroclor 1260 as a function 
of the absorbed radiation dose in 
ozonated and nonozonated 
hydraulic oil was also measured. 
Aroclor 1260 consists of a mixture 
of PCB congeners with various 
degrees of chlorine substitution. A 
linear regression of the data from 
the nonozonated hydraulic oil indi- 
cates a slope of 0.05 MRad-1. The 
limited data do not indicate a sig- 
nificant difference in the rate of 
PCB destruction with the addition 
of ozone. 

The free radical yields for iso- 
octane and hydraulic oils are simi- 
lar and iso-octane is a reasonable 
surrogate for hydraulic oil irradia- 
tions. However, the rate of PCB 
155 destruction was shown to be 
negatively affected by the presence 
of ozone, while no difference in the 
destruction rate was observed for 
Aroclor 1260 in the presence of 
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ozone. We attribute this observa- 
tion to the difference in the relative 
PCB destruction rates. Since the 
rate constant is an order of magni- 
tude less than for PCB 155, the con- 
centrations of Aroclor 1260 in the 
hydraulic oil with and without 
ozone will probably not diverge 
until at sigruficantly greater dose 
rates. 

New or Increased Technical Capability 
The test results did not support 

the original hypothesis that the 
addition of ozone would accelerate 
the rate of PCB destruction in 
waste oils. Ozone competes for the 
free electrons that are required in 
decomposition of PCB compounds 
by free-electron capture. This 
information will be submitted as a 
technical note to the Journal of 
Applied Radiation and Isotopes. 

Business Development Opportunities 

developed or maintained during 
this research. A potential area of 
business development involves the 
polymer used to make the boxes 
that held the oil samples. The 
polymer steadily darkened as a 
result of exposure to gamma radia- 
tion. Potential business develop- 
ment involves using the polymer 
to create a dosimeter that is inex- 
pensive to measure total adsorbed 
radiation dose and is simple to use. 

No business relationships were 

Bioprocess Development 
for the Remediation of 

Cr(VI)- and U(VI)- 
Contaminated Soils and 

Groundwater 
LDRD 1233 

C. E. Turick 

Hexavalent chromium [Cr(VI)] is a 
high priority environmental restoration 
(ER) problem at many DOE sites and 
at other government and private sites. 

National Integrated Environmental Management 

This research successfully addressed 
the development of a bioreactor capa- 
ble of maintaining very high densities 
of bacteria capable of biochemically 
reducing Cr(V1) to the less toxic and 
insoluble Cr(lll), leading to the subse- 
quent removal of chromium from cont- 
aminated effluents through precipita- 
tion. The targeted problems include 
Cr(VI)-contaminated aqueous streams 
from pump and treat operations and 
from liquid effluents discharged from 
soil wash processes. The Cr(llI) pro- 
duced by the bacterial reduction of 
Cr(V1) can be precipitated out of solu- 
tion through physical-chemical means 
without the need to drastically aqust 
pH, which is a common problem in 
conventional technologies. Additional 
applications for this technology 
include treatment and recycling of 
Cr(Vl)-containing waste streams, and 
in-situ Cr(V1) reduction. This is the 
only acceptable in-situ remediation 
technology for Cr(VI)-contaminated 
soils. 

The operation of the bioreactor 
relies on previous biotechnology find- 
ings at INEL. These findings consti- 
tute the key intellectual property incor- 
porated in a patent for this technology. 
Bioreactor experiments have demon- 
strated this technology to be at least 
an order of magnitude more efficient 
than current technologies. The benefit 
to INEL from this project is an eco- 
nomical means of removing Cr(VI) 
and related metals from contaminated 
soils, sediments, and contained 
wastes and mixed wastes, such as 
those found throughout most DOE 
sites, and transfer of INEL technology 
to industry for commercialization. 

Objectives 
Evaluate market for technology 
and most likely customers or 
partners. Understand present 
technology and competition. 

Evaluate potential process 
inhibitors associated with vari- 
ous effluents. 

Develop and operate a high 
throughput bioreactor. 
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Accomplishments 
The technology and market 

evaluation took the form of a mar- 
ket analysis. Technological areas 
that fit this technology include: 

Cr(V1) reduction of soil wash 
effluents from ex situ remedia- 
tion activities 

Cr(V1) reduction of aqueous 
streams from pump and treat 
remedial activities 

In situ bioreduction of C r w )  
followed by Cr(III) complexa- 
tion to the soil matrix 

Treatment of Cr(VI)-containing 
waste streams from industries 
such as electroplaters and 
metal finishers 

Treatment of Cro-contami- 
nated mixed wastes and 
hazardous wastes stored at 
government facilities. 

The economic potential in 

, 

these areas is in excess of $5 bil- 
lion. The market analysis was 
used by the intellectual property 
committee to decide to pursue a 
patent for this technology. A copy 
of the market analysis can be 
obtained from the principal investi- 
gator. 

a method for encouraging Cr(V1) 
bioreduction in a bioreactor. The 
method we used is based on previ- 
ous work at INEL and is the major 
component of the intellectual prop- 
erty used for a patent application 
for this bioprocess. We successful- 
ly demonstrated Cr(VI) bioreduc- 
tion in a bioreactor containing a 
mixed culture of soil bacteria. The 
bioreactor contained an environ- 
ment that favored the growth of 
bacteria capable of growing on the 
toxic and soluble Cr(VI) and con- 
verting it to benign and less solu- 
ble Cr(III). The dominant popula- 
tion in the bioreactor consisted of 

We tested the incorporation of 
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Cr(VI)-reducing bacteria. As the 
bioprocess continued, the environ- 
ment in the bioreactor selected for 
the best strains of Cr(VI)-reducing 
bacteria. A high throughput biore- 
actor was then designed and oper- 
ated, demonstrating the potential 
for the use of this technology for 
industrial purposes. 

Because the bioprocess is 
designed to select for Cr(VI)-reducing 
bacteria from a mixed culture, the 
input does not have to be sterile. 
Any contaminating organisms not 
capable of Cr(VI) reduction will be 
outcompeted. Bacterial contami- 
nants capable of Cr(VI) reduction 
will be incorporated into the biore- 
actor population if they can grow 
as fast or faster than those already 
present. This strategy allows for 
improved reactor kinetics with 
time. 

Potential inhibitors that might 
be encountered in a pump and 
treat operation for Cr(VI) remedia- 
tion from groundwater were exam- 
ined with this technology. We 
found that the strategy of high 
selection pressure on the microbial 
population prevented observable 
inhibition from occurring. This 
technology is more robust than 
anticipated, and may in fact be vir- 
tually fool proof. 

features of the bioreactor design 
There is evidence that certain 

could be used to concentrate the 
Cr(III) in the reactor until a high 
concentration is obtained. The 
Cr(III) could then be desorbed in 
concentrations high enough to be 
recycled rather than being dis- 
posed of as a waste. 

New Or Increased Technical Capability 
0 Bioreactor for reduction of 

Cr(VI) and related metals 

In situ bioremediation of 
Cr(VI) and related metals 

Bioreactor for recovery of 
Cr@I) for waste minimization. 

Business Development Opporfunities 
With this project, Lockheed 

Idaho has an opportunity to gener- 
ate revenue in the following areas: 

Reduction of Cr(VI) in soil 
wash effluents from ex-situ 
remediation activities 

Reduction of C r O  in aqueous 
streams from pump and treat 
remedial activities 

In situ bioreduction of Cr(V1) 
followed by Cr(m) complexa- 
tion to the soil matrix 

Treatment of Cr(VI)-containing 
waste streams from industries 
such as electroplaters and 
metal finishers 
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Cr(V1) treatment of mixed 
wastes and hazardous wastes 
stored at government facilities. 

The economic potential in 
these areas is in excess of $5 billion. 

Ultraviolet VOC Destruction 
Technology, Liner Lifetime 

and By-product Testing with 
Hazardous Waste Disposal 

Considerations 
LDRD 1306 

R. S. Lickson 

The purpose of this project was to 
evaluate the effectiveness of a new 
volatile organic compound (VOC) 
treatment technology being developed 
by Process Technologies, Inc. (PTI) of 
Boise, Idaho. This technology uses 
low pressure ultraviolet (UV) lamps 
located within a reaction chamber to 
break apart the chemical bonds mak- 
ing up a VOC molecule. A dry, 
porous reagent material (liner) is 
attached to the inner surface of the 
reaction chamber and chemically 
reacts with the gaseous by-products 
of the VOC destruction. The chemical 
reaction forms a stable, solid reaction 
product (inorganic salt) within the 
reagent liner, and has the potential to 
completely eliminate the generation of 
any hazardous secondary waste. This 
LDRD has performed bench scale 
testing of the PTI treatment technology 
with specific concentrations of carbon 
tetrachloride (CCL4). CCL4 was 
selected because it is the major sub- 
surface contaminate at the Idaho 
National Engineering Laboratory 
(INEL) and at the Hanford Nuclear 
Reservation. Future research and 
application of this technology at the 
INEL may greatly assist in the cleanup 
of VOC contaminated air, soil and 
groundwater at the Radioactive Waste 
Management Complex (RWMC). The 
proposed research may also be useful 
eliminating VOC emissions from 
industrial operations such as semicon- 
ductor manufacturing, pharmaceutical, 
foundries and other critical industries 
where compliance under the new 
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Clean Air Act Amendments may soon 
be required. 

Objectives 
e 

e 

e 

e 

0 

0 

e 

Perform bench scale testing of 
a new volatile organic com- 
pound (VOC) treatment 
technology. 

Develop liner lifetime data for 
the destruction of carbon tetra- 
chloride (CCJA). 

Analyze system by-products 
which may compromise system 
operation and liner disposal. 

Perform Toxicity Characteristic 
Leaching Procedure (TCLP) 
testing and validation on liner 
material to ensure disposal as 
nonhazardous waste. 

Perform Secondary Electron 
Microscope (SEM) analysis of 
liner cross-sections to determine 
the degree of liner saturation. 

Evaluate test results to opti- 
mize process, document sys- 
tem operating and lifecycle 
costs verses other VOC 
destruction technologies. 

Document results and propose 
additional areas of research 
and application of this technol- 
ogy at the INEL. 

Accomplishments 

nology was accomplished in two 
phases. In Phase 1, two reactor 
chambers were connected in series. 
Each reaction chamber consisted of 
a 4-inch-diameter aluminum tube, 
58 inches long, with a 0.5-inch- 
thick reagent liner material rotary 
molded to the inside wall of the 
tube. Three low-pressure W 
lamps placed longitudinally within 
each tube provided photon flux at 
the desired wavelength. CCLA at a 
concentration of approximately 
5,000 ppm was introduced into the 

Bench scale testing of this tech- 

tubes at a flow rate of 2.2 liters per 
minute. A CCL4 destruction effi- 
ciency of 99.7% was observed. The 
effective liner life was determined 

The increased liner thickness in 
Phase 2 equated to an increase in 
reagent volume of 2.3 times, and 
an increase in reagent mass of 2.05 

by measuring the amount of chlo- 
ride in the effluent gas. The 
amount of chloride exiting the 
reactor, expressed as a percentage 
of chloride introduced into the sys- 
tem on a molar basis, rose signifi- 
cantly after approximately 23 days 
(412 continuous hours) of operation. 

In Phase 2, two 5-inch-diameter 
tubes with 1-inch-thick liner mater- 
ial were connected in series. This 
configuration allowed the same 
effective flow area and light spac- 
ing within the reaction chamber, 
and maintained the same CCL4 
destruction efficiency, inlet concen- 
tration, and flowrate as Phase 1. 
The Phase 2 test ran for approxi- 
mately 70 days (1482.4 continuous 
hours), and was terminated a little 
earlier than desired due to project 
completion deadlines. The results 
for Phase 2, for moles of chloride in 
the discharge gas expressed as a 
percentage of moles of chloride in 
the inlet, again showed a si&- 
cant rise in chloride output signaling 
the end of effective her operation. 

The SEM examination of the 
spent liner material indicated that 
reagent utilization was actually 
greatest along the outside radius of 
the liner. It had always been 
assumed that the reagent utiliza- 
tion was greatest along the inside 
surface of the liner, where the liner 
has the greatest exposure to the gas 
flow and the W lamps. The SEM 
analysis, as measured by the chlo- 
rine to calcium ratio, showed that 
the liner exposed to the UV had a 
chloride to calcium ratio of less 
than 0.5 to 1. The chloride to calci- 
um ratio increased to a value 
approaching 2 1  at the outer radius 
of the liner at the junction with the 
aluminum tube. This discovery 
was the premise for increasing the 
liner thickness to 1 inch for the 
Phase 2 test. 

times. However, the run-time for 
the Phase 2 test was 3.6 times 
longer than the Phase 1 test. This 
would indicate a better utilization 
of the additional liner material 
added for the Phase 2 test. By 
adding to the reagent liner thick- 
ness, additional liner lifetime and 
better liner utilization has been 
achieved. 

TCLP tests were performed on 
spent reagent liner material from 
both Phase 1 and Phase 2 tests. All 
samples passed TCLP testing, indi- 
cating liner disposal as nonhaz- 
ardous waste or liner recycling by 
a cement manufacturer is feasible. 

PTI had estimated the cost to 
destroy CCL4 to be approximately 
$7.50/lb. CCLA, with the replace- 
ment of the spent liner material 
accounting for 40% of this cost, or 
@.OO/lb. With the improvements 
made by this LDRD, spent liner 
replacement cost has been reduced 
by more than 70%, to less than 
$l.OO/lb. This will reduced the 
overall cost of CCL4 destruction to 
less than $5.50/lb, with the poten- 
tial of further cost reductions with 
additional process improvements. 
Information from Hanford vapor 
vacuum extraction (WE) opera- 
tions have indicated carbon bed 
regeneration costs of $5.68 per 
pound of VOC have been experi- 
enced. 

New or Increased Technical Capability 
Knowledge of the reaction 

chemistry between the CCL4 gas 
and reagent liner has been devel- 
oped, as well as effective liner life- 
time and system cost. Application 
of this technology to waste cleanup 
at the INEL and other DOE sites is 
now better defined. 
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Business Dmelopment Opportunities 
PTI is working as a subcontrac- 

tor to the INEL to help develop 
their technology for the destruction 
of CCL4. Discussion for the devel- 
opment of a CRADA are ongoing. 

Portable Photon Analysis 
Spectrometer for 
TRU and y Assay 

LDRD 2104 

R. J. Gehrke 

This project is developing a com- 
mercially available, batterypowered, 
portable multichannel analyzer, incor- 
porating on a PC platform the dual- 
energy pulser technology developed 
at the INEL and the VAXGAP spectral 
analysis programs used by the Radia- 
tion Measurements Laboratory at the 
Test Reactor Area of the INEL. With 
these capabilities, laboratory quality 
analyses can be conducted in the field 
on L x-ray emitting TRU and ?ray 
emitting radionuclides. 

Objectives 
Design and build a low-power 
dual-energy pulser for use in 
battery-powered portable mul- 
tichannel analyzers. 

ware to analyze the x-ray and 
y-ray portions of a spectrum to 
operate on a PC computer. 
Pursue commercial develop- 
ment of x-ray, y-ray, and pulser 
software to operate the PPAS 
with a PC with Canberra 
Industries. Canberra holds a 
nonexclusive license for the 
dual-energy pulser and has 
shown strong interest in this 
project. 

Engineer the necessary soft- 

Develop a background reduc- 
tion technique. 

Make operational a prototype 

Portable Photon Analysis 
Spectrometer. 

Accomplishments 

provides a 50-Hz low and high- 
pulse to the test input of the pre- 
amplifier that, when digitized, fall 
in the bottom tenth and top tenth 
regions of a 8192-channel analyzer. 
These pulser peaks are then cali- 
brated against a calibrated energy 
scale and assigned a y-ray equiva- 
lent energy. The pulser peaks, 
which follow all energy scale 
drifts, can be used to measure the 
gain and zero intercept of any sub- 
sequent spectrum. The pulser 
measures pile up by measuring the 
number of pulses stored compared 
to the number injected into the pre- 
amplifier. It also detects any noise 
or temperature change causing 
drift in the energy scale through 
increases in the width of its peaks. 
Use of the pulser information veri- 
fies that the spectrometer electron- 
ics were operating correctly during 
the spectrum accumulation. 

We needed a dual-energy, 
pulser-equipped batter y-powered 
multichannel analyzer system that 
would consume as little power as 
possible. Consequently, we designed 
a dual-energy low-power, precision 
pulser. Its power requirements are 
3 watts for 5 seconds at power-on 
time, followed by 1.2 watts after 
the warm up. The commercial 
analyzer We chose the Canberra 
Inspector analyzer because it is 
very light, is totally programmable, 
and Canberra has a nonexclusive 
license for the dual-energy pulser. 
Since the Inspector incorporates 
programmable gate arrays, it was 
necessary for Canberra to incorpo- 
rate the pulser ADC interface cir- 
cuitry into their chip. They agreed 
to do this at no charge. 

GAP family of spectral analysis 
programs to operate on a PC, a 

A dual-energy precision pulser 

In order to redesign the VAX- 

number of modifications were 
required. To reduce the complexi- 
ty of this task, we chose an a-class 
Digital Equipment Corporation 
computer and the Windows NT 
operating system from Microsoft. 
Some of the computer algorithms 
previously written in FORTRAN 
had to be rewritten in the C pro- 
gramming language, the language 
of choice for the Windows environ- 
ment. A high-quality real-time 
spectral data display program, 
written by L. East was incorporated 
on the PC. At this time, all calcula- 
tional algorithms operate on the 
PC platform. 

Algorithms to communicate 
between the Inspector and the PC 
were developed by D. Femec. This 
is the last piece required for a 
complete, operable spectrometer 
system. Completion of job-specific 
tasks as encountered with the 
application of x- and y-ray analyses 
will be completed in FY-96; much 
work also remains in debugging 
various programmed algorithms so 
that they work smoothly together. 
System performance testing will 
occur in FY-96. 

Weight will be a severe limita- 
tion to a portable Ge spectrometer. 
Specific design of thin passive 
shields to reduce the spectral con- 
tinuum less than -200 keV will be 
pursued as the application 
requires. 

New or Increased Technical Capability 
A dual-energy-equipped, 

portable, battery-powered Ge or 
Si(Li) spectrometer with advanced 
and tested spectral analysis algo- 
rithms is a major advance for in-field 
measurements. This is confirmed 
by the fact that Canberra Industries 
intends to incorporate the pulser in 
their next generation of Inspector. 

Business Development Opportunities 
Since the pulser is licensed by 

Canberra Industries, its use in Can- 
berra products will result in royal- 
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ties to Lockheed Idaho Technolo- 
gies Company and to the inventors. 

Conceptual Design of a 
55-Gallon Waste Container 

Refurbishment system 
LDRD 3203 

- 

J. R. Wolf, D. J. Varacalle 

The objective of this project was 
to develop and demonstrate an INEL 
capability to use thermal spray coaf- 
ings to solve corrosion problems in 
hazardous waste storage containers. 
The research was directed towards 
identifying and solving specific con- 
tainment problems for DOE waste 
storage facilities. The use of thermal 
spray coatings to refurbish 55-gallon 
waste containers enhances structural 
integrity, protects the containers from 
corrosion, and extends container life- 
time. 5y eliminating the use of over- 
pack containers, thermal spray coat- 
ings can effect a significant reduction 
in Transuranic (TRU) waste genera- 
tion, with a corresponding reduction in 
storage volume and significant cost 
savings in the future (i.e., the cost of 
transportation for 83-gallon over- 
packs). Collaborative efforts with 
Hobart-Tafa Technologies (Bow, NU) 
and Walker Sandblasting (Idaho Falls, 
ID) were established relative to this 
LDRD; these efforts involved the use 
of equipment and donation of man- 
power and materials to accomplish the 
research. 

Objectives 
Optimize surface preparation 
techniques for undegraded 
surfaces (i.e., new or slightly 
corroded substrates) 

0 Optimize coating process para- 
meters and attributes (i.e., 
thickness, adhesion, corrosion 
resistance) for aluminum and 
zinc coatings. 

Accomplishments 

surface modification and coating 
application experiments that 
included a variety of parameteric 
studies. The coatings and sub- 
strates were characterized and 
evaluated by a number of tech- 
niques. These included Rockwell 
and Vickers hardness tests, optical 
metallography, x-ray diffraction, 
image analysis, surface profilome- 
try, and deposition efficiency. 

We investigated surface modi- 
fication (grit blasting) of the waste 
containers to ensure the bond 
strength of the as-sprayed coatings. 
Two grit blast devices were stud- 
ied using a Box full-factorial design 
parametric study. For each device, 
operating parameters were varied 
around the blast media, the air 
pressure, the work distance, and 
the number of passes on the sub- 
strate. Roughness of the substrates 
was substantially increased by 
using this process. The two 
devices used for the abrasive blast- 
ing experiments were an Econoline 
RA 36-1 Blast Cabinet, and a Clemco 
100 lb. capacity pressurized-pot 
blaster. Three types of abrasive 
blast media were used for the 
experiments. These were 35 mesh 
copper slag, 35 mesh silica sand, 
and 60 mesh alumina grit. Five 
major studies were conducted, 
using different combinations of 
abrasive blasting devices, blast 
media, and working parameters. 

The effects analysis indicates 
the Clemco equipment roughened 
the substrates more than the 
Econoline equipment. Copper slag 
grit resulted in more surface modi- 
fication than the other grits for the 
Econoline machine, while there 
was little difference between the 
silica and copper grits used in the 
Clemco machine. The surfaces 
produced by grit blasting with the 
Econoline system appear to be rela- 
tively free from embedded grit or 
surface scale particles, while for- 

We conducted several series of 
eign particles were frequently seen 
embedded in the surfaces pro- 
duced with the Clemco system. 

We then conducted a series of 
experimental coating experiments 
to determine if aluminum and zinc 
coatings applied with a TWEA 
spray system could perform as 
anti-corrosion coatings for waste 
container applications. Box full- 
factorial experiments were used to 
determine the optimum combina- 
tion of process parameters. The 
process parameters varied in the 
experiments were orifice diameter, 
flow pattern, and primary pressure. 
The coating attributes evaluated 
included porosity and deposition 
efficiency for all of the samples. 
Selected samples were also tested 
for hardness, roughness, and corro- 
sion resistance. Porosity was 
determined using image analysis. 

levels of the process parameters, 
we identified a design coating for 
this particular waste application 
for the TWEA experiments. After 
the effects analysis was completed, 
we conducted ANOVA (analysis of 
variance) calculations for each 
experiment. The optimum coating 
for this application would have 
low porosity and high deposition 
efficiency with low roughness and 
high hardness. Included in these 
considerations is the ability of the 
coating to galvanically protect the 
substrate, which was determined 
with corrosion testing for selected 
coatings. 

has been published on this work; it 
was presented at the National 
Thermal Spray Conference. 

New or Increased Technical Capability 
Fabrication of new coating sys- 
tems using a new thermal 
spray process at the INEL. 

e Technology transfer to industry 
(Tafa, Walker). 

University collaboration with 

By examining the optimum 

As of this writing, one paper 
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the Basic Industry Research 
Laboratory (BIRL) at North- 
western (Tom Bernecki). 

Industrial collaboration with 
Tubalcain (Walt Riggs), Walker 
Sandblasting (John Walker), 
Tafa, Inc. (Gary Irons). 

Business Development Opportunities 
Tafa and BIRL personnel 

involved INEL personnel (vara- 
calle) in proposals to the govem- 
ment (DOD, EPA) and EPRI. 
Major proposals to the federal and 
state governments will be pursued 
with the team constructed on this 
LDRD for infrastructure applica- 
tions in M-96. 

Photodissociation of 
Mercuric Chloride 
Treatability Study 

LDRD 371 0 

R. E. McAtee 

Photodissociation is a process in 
which light energy is used to dissoci- 
ate a molecule into molecular frag- 
ments andor atoms. This technology 
was selected to be studied as a 
potential treatability process for the 
mercury waste at the Idaho National 
Engineering Laboratory (INEL). We 
selected mercuric chloride for the 
study as a representative mercury 
waste, using gas phase mercury chlo- 
ride in order to reduce the presence of 
intermolecular forces which would 
complicate the study of the photodis- 
sociation process. Since mercuric 
chloride is a solid at room tempera- 
ture, temperatures and pressures 
needed to sublimate the solid into gas 
were determined. Solid-vapor and 
liquid-vapor coexistence curves in a 
pressure versus temperature diagram 
were prepared for mercury chloride. 
This showed that the sublimation tem- 
perature was reasonably achievable. 
However, because of the need to 
maintain a constant pressure in the 
dissociation process, and because the 

mercury chloride speciation is 
unknown, keeping the pressure con- 
stant would be difficult. Since the 
method of removing the mercury has 
not been investigated, the photodisso- 
ciation process may not be a useful 
technique to yield metallic mercury in 
a waste treatment process. 

Another approach to using light 
energy for the photodissociation of 
mercury chloride is the sunlight pho- 
toreduction, titanium-dioxide-catalyzed 
conversion of mercuric chloride to 
metallic mercury. This process is cur- 
rently being studied by an Associated 
Western Universities (A WU) scholar- 
ship student at Idaho State University. 

Objectives 
Review the literature for ultra- 
violet light photodissociation 
of mercury chloride. 

Prepare mercury chloride 
solid-vapor/liquid-vapor coex- 
istence curves in a pressure 
versus temperature phase dia- 
gram. 

Purchase materials and equip- 
ment and fabricate the photo- 
cell/test reactor. 

Perform the experiments 
according to the experimental 
plan and report the results. 

The photodissociation process 
using the test cell was deter- 
mined impractical as a tech- 
nique to yield metallic mercury 
in a waste treatment process, 
so the experimental studies 
were not performed. 

Currently, the photodissocia- 
tion of mercury chloride using a 
process of sunlight photoreduction, 
titanium-dioxide-catalyzed conver- 
sion of mercuric chloride to metal- 
lic mercury is being studied. No 
data are available at this time. 

New or Increased Technical Capability 
A successful conclusion to this 

research study will furnish the 
capability to treat mercury waste at 
the INEL. 

Business Development Opportunities 
No industrial contacts have 

been made at this time. 

INEL-University of Idaho 
Laboratory for 

Liquid Extraction and 
Ion Exchange Research 

LDRD 4078 

Accomplishments 
The photocell/test reactor was 
fabricated (see the figure). 

&A UV light 

A. L. Olson 

This prvject addresses research 
concerning removal of hazardous 

/ Quartzwindow 

Mercury and chlorine 

Mercuric chlori 

UV Test Cell 
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materials from radioactive, acidic liq- 
uid wastes. The research has been 
conducted over a three year period. 
The project involves the fabrication of 
a liquid extraction and ion exchange 
pilot scale laboratory at the University 
of Idaho (Ul) for joint UI-INEL 
research. Separation of hazardous 
materials from Idaho Chemical Pro- 
cessing Plant (ICPP) radioactive liquid 
wastes is currently being considered 
as a treatment before ultimate disposal 
of the waste. The research is being 
conducted to (a) provide a technical 
basis for potentially decreasing the 
volume of mixed, low-level INEL 
waste that must be successfully 
immobilized; (b) provide data concern- 
ing the ability to separate hazardous 
material from liquid wastes; and (c) to 
provide an experienced personnel 
pool for activities pertinent to the INEL 
mission. Project activities include 
(a) identification of liquid extraction 
and ion exchange agents for removal 
of hazardous materials, specifically 
from acidic, aqueous waste solutions; 
(b) laboratory scale evaluation of 
potential liquid extraction and ion 
exchange agents; (c) fabrication of a 
pilot scale equipment laboratory: 
(d) evaluation of candidate separating 
agents in the laboratory: and (e) cor- 
relation of experimental data with cur- 
rent computer models. While the data 
generated by this project will be 
applicable mostly to DOE mixed liquid 
wastes, we expect that portions of the 
data can be extrapolated to some 
types of industrial wastes. Typical 
industries for which the data may be 
applicable include metal finishing 
wastes, mining wastes, pigments from 
paint preparation, and plastics and 
organic chemicals manufacture. 

Objectives 
Complete fabrication of the 
pilot-scale equipment laborato- 
ry and verlfy nominal pulse 
column flooding parameters. 

Complete selection of laboratory- 
scale evaluation of liquid 
extraction agents. 

Complete laboratory evalua- 
tion of ion exchange agents for 
lead. 

Complete ion exchange pilot 
scale equipment tests. 

work completed in FY-95. 
Submit report summarizing 

Accomplishments 

of the solvent extraction and ion 
exchange pilot scale laboratory 
equipment during FY-95. The 
24-ft-high, two-in.-diameter pulsed 
liquid extraction column with aux- 
iliary pumps, pulser, tanks, and 
piping was constructed, and flood- 
ing tests were performed to allow 
comparison with equipment at the 
Idaho Chemical Processing Plant 
(ICPP). Testing was conducted at a 
range of pulser-induced amplitude 
frequency products, aqueous to 
organic phase ratios (A/O ratios), 
and pulse amplitudes to validate 
the equipment setup and provide 
data for comparison. Flooding 
velocity data were obtained for the 
UI column, the INEL column (in 
Building 637 at ICPP), and a simi- 
lar column at Hanford. The UI 
flooding test results compare 
favorably to previous results, giv- 
ing a degree of confidence to 
future generated data. 

2-in.-diameter ion exchange col- 
umn and tested it for operability. 
We also identified agents for sepa- 
rating lead from ICPP tank farm 
liquid waste simulant. Several can- 
didate ion exchange agents were 
evaluated. Sybron Ionac SR-5 and 
polyantimonic acid were found to 
have favorable distribution coeffi- 
cients for lead in the unneutralized 
and partially neutralized (pH 
around 1.5) simulant. The resin 
was able to decrease lead concen- 
trations in the tank farm simulant 
from about 280 ppm down to less 

We completed the fabrication 

We also fabricated a 5-ft-high, 

than 10 ppm. This translates to 
distribution coefficients (Kd) of 
between 55 and 1143 ml of sample 
per gram of resin. Polyantimonic 
acid was prepared in the laborato- 
ry, and investigations were initiat- 
ed for immobilization on a silica 
substrate for evaluation in the ion 
exchange column. Other ion 
exchange agents were investigated, 
including Sybron Ionac A F P  329, 
Sybron Ionac SR-4, Zeotech 
Chabazite, Zeotech Zeobrite M, 
Zeotech Zeocarb M, ammonium 
molybdophosphate, crystalline sili- 
co titanate, and tungsten oxide, but 
no sigruficant lead removal was 
observed. One candidate liquid 
extraction agent was found, ammo- 
nium pyrillidine dithiocarbamate, 
which could remove about 80% of 
the lead in one contact. Other 
agents that were investigated 
included methyl isobutyl ketone, 
tributyl phosphate, dibutyl phos- 
phate, 18 crown 6 ether, bis(2ethyl- 
hexyl) hydrogen phosphate, and 
tris(2ethylhexyl) phosphate. These 
agents did not show any apprecia- 
ble distribution of lead into the 
extracting agent in laboratory 
experiments. 

Analytical capabilities for labo- 
ratory investigations were enhanced 
with the acquisition of a Perkin- 
Elmer atomic absorption spectro- 
photometer. It is on loan from the 
INEL. The laboratory now consists 
of a small scale vortex mixer, small 
ion exchange column with pumps, 
pH meter, and atomic absorption 
spectrophotometer for evaluation 
of selected agents for lead and 
other heavy metals removal. Work 
is currently continuing on evalua- 
tion of other liquid extraction 
agents and on preparation of bulk 
quantities of polyantimonic acid 
for immobilization and evaluation 
in the lab scale and pilot scale ion 
exchange columns. A copy of 
ASPEN software was also obtained 
for correlating liquid extraction 
and ion exchange results. 
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New or Increased Technical Capability 
There have been several bene- 

fits to the INEL from this project. 
A laboratory for joint INEL-UI use 
has been put in place, tested, and is 
now available for research on a 
variety of liquid separation tech- 
niques. This is a very valuable 
resource. Expertise and experience 
has been gained by three UI per- 
sonnel concerning problems and 
solutions at the INEL directly relat- 
ed to it mission of environmental 
management. This experience base 
will hopefully increase and pro- 
vide a personnel pool for INEL in 
the future. Three candidate agents 
have been identified which have 
the potential for separating lead 
from low pH or acidic type wastes; 
just as important, several other 
separating agents have been identi- 
fied as not being acceptable for 
lead separations from acidic solu- 
tions. This work has provided 
valuable technical information to 
the data base for lead separations 
from liquid, low pH environments. 

Business Development wor tuni t ies  
Contact has been made with 

Zeotech Corporation concerning 
development of an engineered 
form of polyantimonic acid for 
evaluation in laboratory and pilot 
scale environments. This has been 
an informal arrangement to date, 
with only exchanges of technical 
information. Data from near term 
evaluations of polyantimonic acid 
immobilized upon a zeolite sub- 
strate will be used to further this 
relationship, perhaps developing 
into a CRADA, and leading to a 
commercial application for acid 
wastes. 

Fracture Mechan ics-based 
Design Methodologies for 

Metal Matrix 
Composite Material 

LDRD 4090 

W. G. Reuter 

Proven design methodologies, 
based on fracture mechanics con- 
cepts, do not exist for metal-matrix 
composites (MMCs), but are required 
to efficiently design these materials for 
use in industrial applications. Fracture 
mechanics concepts are presently 
used, for homogeneous metallic struc- 
tures, to predict (a) crack growth 
resulting from fatigue, stress corrosion 
cracking, hydrogen assisted cracking, 
etc., and (b) the critical crack size that 
will initiate crack growth or failure. 

These capabilities provide the 
necessary tools needed to predict 
(a) fitness-for-service when a defect is 
discovered that exceeds the allowable 
values, provided in the Codes and 
Standards, in a structure, (b) a mini- 
mum operating lifetime, or (c) an 
allowable lifetime extension for struc- 
tural components. The last two items 
relate only to structural components 
where fracture mechanics concepts 
play a significant role in the lifetime. 

The Idaho National Engineering 
Laboratory (INEL) has been develop- 
ing tools for predicting the fracture 
process in structural components fab- 
ricated from monolithic ceramics and 
homogeneous metallic materials and 
recently initiated research into devel- 
oping similar tools for nonhomoge- 
neous metallic (weldments) structures 
and for composites. The initial desire 
was to develop predictive tools for 
composites where the strengthening 
agent was either a particulate, a 
whisker, or a continuous fiber. The 
desired approach is to use plane- 
strain fracture toughness (Klc) or Jlc 
(including CTOD) measured from 
small, standard fracture toughness 
specimens to predict the fracture 
process in structural components. 

Objectives 
Developing an understanding 
of the fracture process. 

Develop methods for using 
fracture toughness data to pre- 
dict failure of simulated struc- 
tural components. 

for methods developed. 
Identify limits of applicability 

Accomplishments 

posites and obtained preliminary 
test fracture toughness results. 
Those specimens containing 
machined notches experienced 
either a negligible shift (D speci- 
mens) or a slight shift in fracture 
toughness as a function of notch 
root radius (B specimens). The 
preliminary fracture toughness 
results show a negligible influence 
of the ratio of crack depth (a) to 
specimen width (W). This suggests 
that the material has negligible 
sensitivity to constraint. If true, 
this should improve the accuracy 
of predicting failure for structural 
components. A review of the frac- 
ture surfaces showed substantial 
tunneling of the precrack and of 
the slow crack growth. Therefore, 
it is necessary to side groove all 
future tests of this material. 

and testing of materials supplied 
by Duralcan-USA is scheduled 
after the DWA results are completed. 

The fracture surfaces show 
considerable tunneling of both the 
precrack and the crack growth that 
occurs during the test. These 
results showed the need to 
machine side grooves for all subse- 
quent tests. 

Preliminary fracture toughness 
results provided no valid KIc values. 
These results show an apparent 
lack of sensitivity of KQ to con- 
straint. 

We tested DWA-supplied com- 

Completeness of the machining 
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The identification of some of 
the limits of applicability for meth- 
ods developed in Item 2 must 
await completion of the tests of the 
Duralcan-USA specimens since the 
ductility of these materials differs 
from that of the DWA supplied 
material. 

This study shows that standard 
fracture toughness tests and tech- 
nology are capable of being used to 
predict some of the fracture 
process for structural components 
fabricated from IvlMCs. 

Business Development Opportunities 
As this work presently stands, 

it is premature to offer definitive 
answers to industry concerning 
crack propagation in metal matrix 
materials. Nevertheless, the prelin- 
inar results have stimulated inter- 
est in further studies from General 
Motors and the Office of Energy 
Efficiency and Renewable Energy 
(DOE). A white paper in response 
to the interest at EE-DOE (Sid 
Diamond. 

Develop, Build, and Test an 
Assay System to Measure 

Transuranic Waste and 
Fission Product Contamination 

in Subsurface Soil 
LDRD 41 10 

C. V. Mclssac 

The purpose of this project is to 
design, build, and experimentally eval- 
uate field-deployable radiological 
assay instruments capable of measur- 
ing directly low-level concentrations of 
actinide and contamination in 
subsurface soil. Because the 
actinides and 90Sr are important iso- 
topes included in the calculation of 
radiological risk, their concentrations 
in the subsurface soil at radioactive 
waste repository sites will have io be 
characterized and monitored. Since 

traditional, radiochemical methods 
used to measure 9oSr and alpha-emit- 
fing actinides such as 230Th, 235U, 
239Pu, and 241Am in soil are compli- 
cated, time consuming, and very 
expensive, this project could have a 
major impact by lowering the cost of 
remediating and closing buried 
radioaciive waste remediation sites. It 
could also have a major impact on the 
cost to clean up potentially contarni- 
nated Operable Units at DOE facilities. 

Three different assay instruments 
were designed during FY-95. Two of 
the three instruments were built and 
subjected to preliminary tests; the 
third remains conceptual at this time. 
A specially designed xenon propor- 
tional counter x-ray detector that 
detects actinide contamination in soil 
by measuring L-shell x-rays was built 
by TGM Detectors, Inc. and delivered 
to the INEL in August, A triple propor- 
tional counter beta detector that mea- 
sures 9oSr contamination in soil by 
measuring high-energy beta particles 
emitted by was fabricated at the 
INEL. Testing of these two instru- 
ments was initiated in August. A pla- 
nar model of the triple proportional 
counter 9oSr detector was loaned to 
Idaho State University (ISU) and used 
by a graduate student for his Masters 
thesis work and by ISU faculty mem- 
bers to evaluate the effectiveness of 
commercially available decontamina- 
tion reagents to remove 90sr from sur- 
faces of lead bricks, shot, and chips. 
ISU faculty members are now writing 
two journal articles describing their 
work. A conceptual design of a down- 
hole gridded ionization chamber alpha 
spectrometer was developed, and an 
invention disclosure record was sub- 
mitted for the device. Ordela, Inc., 
Oak Ridge, Tennessee, a manufactur- 
er of custom gridded ionization cham- 
bers, signed a nondisclosure agree- 
ment for the down-hole ionization 
chamber and expressed an interest in 
building a prototype. 

Objectives 
Survey technologies that could 
be used to measure actinides 
and 9oSr in subsurface soil. 

Build a triple proportional 
counter 90Sr detector and pro- 
cure a Xe-filled x-ray propor- 
tional counter. 

Perform limited experimental 
evaluations of the two detectors. 

Accomplishments 

al counter 9oSr detector was fabri- 
cated and tested using 137Cs and 
9oSr point sources. The device con- 
sists of three concentrically 
arranged proportional counters. 
The outer two counters are operat- 
ed in coincidence to detect the high 
energy beta particles emitted dur- 
ing the decay of 9'%. The center 
counter is operated in anticoinci- 
dence with the outer two counters, 
and is thus operated as a guard 
detector to minimize the back- 
ground count rate from cosmic 
rays and natural terrestrial radia- 
tion. Several design problems 
were discovered and resolved dur- 
ing testing. Overall, the instru- 
ment operated as expected and 
should have a detection sensitivity 
of less than IO pCi/g for 9oSr with 
a 10 minute count time. 

A custom designed xenon pro- 
portional counter x-ray detector 
was received from TGM Detectors, 
Inc. in August. It was selected for 
evaluation to take advantage of an 
x-ray spectral analysis method 
already developed at the INEL for 
germanium photon spectrometers. 
A used MicroVAX 3300 was pur- 
chased in FY-95 to control the 
operation of the instrument and 
analyze the collected x-ray spectra 
using available software programs. 
The body of the counter, which is 
cylindrical in shape, has an outside 
diameter of two inches and is 
14-inches long. To allow efficient 

A cylindrical triple proportion- 
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penetration of the x-rays into the 
counting gas, two 0.010-inch-thick 
beryllium windows are installed in 
the wall of the counter. The energy 
resolution of the detector at 6 keV 
was measured to be 17%, which is 
sufficiently good to resolve the 
actinide x-rays of interest. Experi- 
mental results for a 1 nCi/g 239Pu 
soil standard indicate the detection 
sensitivity of the instrument will be 
less than 100 nCi/g with a 10- 
minute count time. 

A conceptual design for a 
small-diameter, flow-through 
Frisch grid ionization chamber 
alpha spectrometer was developed 
based in part on our experience 
with the large-area gridded ioniza- 
tion chambers evaluated for the 
Rapid Transuranic Monitoring 
Laboratory. Unlike the long-range 
alpha detector developed at LANL 
and the electret distributed by 
RADELEC, INC., the proposed 
device will identify specific 
actinide isotopes by measuring the 
pulse-height spectrum of the alpha 
activity in the soil. The other two 
devices are clever gross alpha 
counters. The ionization chamber 
will identdy specific alpha-emit- 
ting isotopes such as 23OTh, 2 W ,  
2 ~ P u ,  239Pu, and 241Am. Ordela, 
Inc., agreed to collaborate on the 
development of a down-hole grid- 
ded ionization chamber alpha 
spectrometer. 

New OY Increased Technical Capabilities 
Douglas Greenwell, who is 

manager of the Soils Restoration 
Department at the INEL, expressed 
a strong interest in the instrument 
for use in characterizing surficial 
9OSr contamination at a number of 
sites at the INEL. Professor Brey at 
ISU has requested that the planar 
model of the detector be returned 
to ISU as soon as practical so that 
they may continue using it to mea- 
sure the effectiveness of decontam- 
ination reagents to remove 9OSr 
from lead bricks. The limited 
experimental results for the xenon 

x-ray detector obtained to date 
indicate the instrument will be 
capable of quantdymg 100 nCi/g 
239Pu in soil with a 10-minute 
count time. 

Business Development Opportunities 
Lockheed Idaho is filing a 

patent application for the triple 
proportional counter 90Sr detector. 
Canberra Nuclear and one other 
vendor have agreed to sign nondis- 
closure agreements for the detec- 
tor. The prognosis is very good 
that a licensing agreement will be 
signed in FY-96. 

Biodecontamination of 
Massive Concrete Structures 

LDRD 4171 

R. D. Rogers, M. A. Hamilton 

This LDRD responds to the 
Needs Statement DD-7 of ID/IP 
Decontamination and Decommission- 
ing of Facilities Integrated Demonstra- 
tion Program. The task identifies an 
innovative technology to decontami- 
nate concrete. It is estimated that a 
developed biological process could 
reduce the costs associated with 
existing D& D technologies, which rely 
on physical removal and disposal of 
contaminated portions of buildings 
and structures. The proposed tech- 
nology is an in situ process that 
should be applicable for use on con- 
crete floors, walls, unlined reactor 
pools, and, possibly, rubble. The 
process has the potential to reduce 
the waste volume and contamination 
levels of secondary contaminated 
waste generated during D&D activities 
by fifty percent and, therefore, save 
the Department of Energy consider- 
able valuable resources as well as 
reduce costs. 

The project involves the use of a 
naturally occurring, nonpathogenic, 
microbiological process. The microor- 
ganisms used for the process are 
known to be responsible for the micro- 
bially influenced degradation (MID) of 
concrete. The process will pose no 

health risks, and the spread of MID 
organisms wili be controlled through 
the manipulation of key nutrients. The 
concrete surface, loosened by the 
bacterial activity, should be removed 
with little physical effort. 

Objectives 
Develop a biodecontamination 
process. An accelerated testing 
technology, already developed 
at INEL for cement solidified 
waste forms, will be adapted to 
concrete surfaces. This will 
allow rapid evaluation of con- 
ditions (physical, chemical, and 
biological) that affect MID of 
these concrete surfaces. Infor- 
mation from this work will be 
used in the design of a labora- 
tory-scale biodecontamination 
test chamber, which will be 
built and tested. 

Conduct an evaluation of the 
process of MID at manrnade 
structures. Evaluate data 
obtained from the literature 
and select massive concrete 
structures currently hosting the 
natural occurrence of MID. 
The purpose of this effort is to 
begin to develop a data base 
for understanding the key 
environmental conditions that 
initiate and sustain the MID 
process. 

Develop an ongoing effort to 
determine facilities at DOE 
sites that could benefit from 
the use of a passive decontami- 
nation process. Select a facility 
at which a field test demon- 
stration could be conducted. 

Accomplishments 
The technical focus has been 

on developing an understanding of 
the MID process and how it can be 
adapted for the decontamination of 
concrete surfaces. We decided that 
of the three types of MID microor- 
ganisms that exist in nature, the 
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thiobacilli species would be most 
suitable for continued work. Based 
on past experience, data from the 
literature, and a visit to the labora- 
tory of the world's authority on 
MID, a design was developed for 
an MID test cell. The cell was 
designed to be attached to a con- 
crete wall so that real-time studies 
can be conducted on the conditions 
required to promote and enhance 
the development of the MID 
process. Conditions in the design 
criteria included temperature, 
humidity, sulfur source and con- 
centration, processing time, and 
application of the inoculum source. 
Two 20 x 20 x 6-cm rectangular 
prototype test cells have been 
manufactured for laboratory stud- 
ies. They have been attached to 
blocks of concrete and we have ini- 
tiated test development. Based on 
experience of designing, fabricat- 
ing, installing, and initial operation 
of the prototype laboratory cells, 
four 1 x 1-m cells are currently 
being manufactured. These cells 
will be used in the field evaluation 
of the MID decontamination process. 

In conjunction with the above 
work, an accelerated MID test pro- 
gram was started to determine the 
effect of thiobacilli sp on epoxy 
coatings used to seal contaminated 
concrete surfaces. This study dif- 
fers from those using test cells in 
that the coated specimen is being 
sprayed at predetermined intervals 
with a liquid culture of thiobacilli. 
Past experience with this method 
has shown it to be a way to acceler- 
ate the affects of MID. After six 
weeks of testing, the exposed coat- 
ing appears to be lifting from the 
concrete surface. Successful pene- 
tration of the coating will add sig- 
nificantly to the importance of the 
MID biodecontamination process. 

Many of the numerous, conta- 
minated facilities at the INEL have 
been evaluated as possible sites for 
both the field evaluation study and 
as locations for field demonstration 

of the h4ID process. A site has 
been selected for conducting the 
field evaluation of the process. It is 
fitting that this initial work will be 
conducted at EBR-I, which is the 
facility where nuclear energy was 
first used to produce electricity. 
Selection of the facility for field 
demonstration will occur after the 
successful completion of the field 
evaluation study. 

New m Increased Technical Capabilities 
This project is improving the 

INEL capability in applied biotech- 
nology. The INEL is becoming a 
recognized world leader in 
research in the area of biological 
effects on concrete. It is expected 
that the INEL will be a resource in 
developing methods to control 
MID activity. 

Business Development Opportunities 
A successfully demonstrated 

decontamination technology will 
be readily sought after by those 
involved in D&D operations. As 
an outgrowth of the work funded 
by this LDRD, British Nuclear Fuel 
ltd (BNFL) signed a Co-operative 
Research and Development Agree- 
ment (CRADA) on August 22, 
1995. The intent of the CRADA is 
the further development of the 
MID decontamination process to 
the point that BNFL will be able to 
use it as a commercial process. 
The reported worth of the CRADA 
is $3 M over a three-year period. 

Catalyst Assisted In Situ 
Bioremediation 

LDRD 41 72 

B. D. Lee, W. A. Ape1 

At least 60 waste sites at 18 
Department of Energy (DOE) facilities 
and numerous industrial facilities have 
the need for in situ treatment tech- 
nologies to remediate mixtures of 

chlorinated solvents as the primary 
contaminant in groundwater and 
unsaturated subsurface soils. Current 
methods used for remediation of these 
subsurface contaminants include 
pump and treat, followed by air sparg- 
ing, hydraulic containment, or soil 
vapor extraction. Catalyst-assisted in 
situ bioremediation represents a tech- 
nology that can replace or be used to 
complement current physical methods 
for total remediation of a contaminated 
site. The primary advantages for- 
warded by coupling chemical catalysis 
with biologically mediated electron 
transfer are increased applicability . 
(site to site) and increased dechlorina- 
tion rates. Microorganisms that estab- 
lish a reducing environment in the 
subsurface might not have the ability 
to carry out reductive dechlorination. 
By adding a catalyst and coupling it to 
the microbial system, dehalogenation 
can occur regardless of the ability of 
the indigenous microorganisms to 
carry out reductive dechlorination. 

Objectives 
Determine the ability of the 
microbial population to 
dechlorinate subsurface soils 
and groundwater. 

Assay transition metal catalyst 
to determine reaction rates as 
well as substrate reactivity. 

Accomplishments 

ing using batch experiments to 
enrich for sulfate reducing bacteria 
(SRB) from subsurface soil from 
Dover Air Force Base (AFE3). The 
experiments were set up using lac- 
tate as the carbon source. Testing 
was done at 15 and 30°C to deter- 
mine differences in acclimation as 
effected by temperature. Ground- 
water temperature in most aquifers 
is in the range of 10 to 15°C. 
Experiments were set up for accli- 
mation with and without tetra- 
chloroethylene (PCE). Studies 
were made on lactate removal by 
the cultures during SRB enrich- 
ment, and upon subsequent 

We performed microbial test- 
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respikes with lactate. Visual exam- 
ination of the test vials showed the 
formation of ferrous sulfide, an 
indication that sulfate reduction 
was occurring. As the concentra- 
tion of PCE in the reaction vial 
increased, the removal of lactate 
decreased. The removal rate of lac- 
tate at 30°C was greater than at 
15°C. PCE removal results indicated 
that dechlorination of PCE did not 
occur over the test period. These 
experiments are continuing to 
determine the amount of time 
required for acclimation to the sol- 
vent. Experiments are in progress 
to determine whether the addition 
of vitamin B12 decreases the 
amount of time required for 
dechlorination to occur. 

bioreactors to determine the 
dechlorination of PCE under accel- 
erated and catalyst-assisted condi- 
tions. The differential soil bioreac- 
tors were fabricated out of stainless 
steel for continuous flow testing. 
The system has been leak checked 
and calibrated for operation. The 
reactors have been loaded with soil 

We are using differential soil 

Three of the catalysts were synthe- 
sized using cobalt as the central 
metal, and different macrocyclic 
ligands were attached to the metal. 
A second set of catalysts varied the 
central metal using the same por- 
phyrin. Dechlorination activity of 
the catalysts for methylene chloride 
was tested using borohydride as 
the chemical reducing agent. 
Because of borohydride activity 
with the methylene chloride, con- 
trols were run to determine the 
remaining methylene chloride in 
the reaction vials. Loss of methyl- 
ene chloride can be seen in Table 1. 
The catalyst designated NPC gave 
significantly better destruction of 
methylene chloride than the other 
catalyst synthesized, including vit- 
amin B-12, on either a weight or 
mole basis. Based on molar con- 
centration, a close second was 
achieved by catalyst CMC, fol- 
lowed by vitamin B-12. Screening 
tests will be done to couple the 
synthesized catalysts to the elec- 
tron transfer from the sulfate 
reducing bacteria isolated during 
the first task during FY-96. 

from Dover AFB and will be oper- 
ated at a temperature of 15°C. New or Increased Technical Capability 

Catalysts were synthesized for 
the project using vitamin B-12 as 
the standard. Vitamin B-12 is a 
cobalt-containing macrocycle that 
has demonstrated dechlorination 
activity with a reducing agent and 
coupled to electron transfer from 
microorganisms. Six catalysts were 
synthesized and tested for their 
reactivity towards dechlorination. 

INEL is gaining research exper- 
tise related to in situ bioremedia- 
tion of chlorinated solvents 
through this research project. A 
more detailed database comparing 
intrinsic, accelerated, and catalyst- 
assisted in situ bioremediation will 
be developed through this 
research. Continued evaluation of 
the differential soil bioreactor as an 

Catalyst 

Table 1 
Loss of methylene chloride after 24 hours of reaction 

with various catalysts at room temperature. 

% Area /Mole Relative % AreaMleight Relative 
Difference Ran WMole Difference RanldWeight 

CMC 28.2 0.82 31.3 0.39 
CPC 12.9 0.38 30.1 0.38 
csc 18.4 0.54 29.2 0.37 
CPPC 11.6 0.34 26.8 0.34 
NPC 34.3 1 .oo 80 1 .oo 
IPC 13.9 0.40 32.5 0.41 
Vitamin 8-12 18.5 0.54 21.5 0.27 

engineering tool will be achieved 
through this project. Acceleration 
of the in situ process can greatly 
decrease the amount of time for the 
government and industry to clean 
up subsurface soils and sediments. 

Business Development Opportunities 

occurred between work organiza- 
tions because of the type of exper- 
tise required on this project. Col- 
laboration with DuPont is occurring 
on the project as well. The INEL is 
also involved in the Remediation 
Technologies Development Forum, 
a consortium of private industry 
companies and the government, 
studying different methods of 
remediation to clean up contami- 
nated sites. There is collaboration 
rather than competition to solve 
similar environmental problems. 

Internal communication has 

Sustainable Water Resources 
Management 

LDRD 4204 

J. I. Mills 

Sustainable management of water 
resources is a complex and volatile 
challenge facing the countries of the 
world today. There are many areas 
where water demands are beginning 
to exceed supply, or where surface 
and ground waters are being polluted 
and aquatic plants and animals are 
threatened. Finding solutions to these 
and similar issues is becoming 
increasingly difficult as more diverse 
groups of stakeholders are involving 
themselves in the management of 
water resources. 

The INEL is pioneering the appli- 
cation of systems analysis for identify- 
ing and optimizing long-ferm water 
management strategies and facilitating 
resolution of conflict and misunder- 
standing among stakeholders. We 
developed a water resource manage- 
ment and decision making software 
package for the Snake River Basin 
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using input from a wide range of water 
resource stakeholders. This PC- 
based tool allows diverse sfakehold- 
ers to rapidly assess the effects of 
proposed solutions to complex water 
management issues. An important 
feature is its ability to simulate the 
basin hydrology, including surface and 
ground water, agriculture water use 
and economic impacts, and hydro- 
electric generation and sales. 

0 bjectives 
Identify the Snake River Basin 
water resource stakeholders 
and the issues that are of most 
interest to them. 

Define a systems model for the 
Basin that will assess key 
stakeholder issues. 

Develop a PC-based computer 
simulation of the Basin's water 

resources, including a user- 
friendly interface. 

Hold a stakeholder workshop 
to introduce the model and 
obtain feedback on its effec- 
tiveness and usefulness to the 
stakeholders. 

AccompZishmen ts 
A team composed of personnel 

from INEL, industry (Rocky Moun- 
tain Institute), a university (Wash- 
ington State University), and two 
consultants with water expertise 
was formed to perform this LDRD 
project. Stakeholders that were 
pursuing water issues in the Snake 
River Basin were identified, first by 
interest and then by name. Impor- 
tant areas of interest included 
agriculture and aquiculture, elec- 
tric power generation, environ- 

mental concerns (including preser- 
vation of endangered species), 
water rights (including claims by 
Indian tribes), and water manage- 
ment by state and federal agencies. 
Contacts were made with numer- 
ous individuals in each of these 
areas to identify specific issues that 
were of interest or concern. 
Results were shared among team 
members using e-mail to create a 
virtual office environment. 

Using the stakeholder-estab- 
lished priority issues, we devel- 
oped a PC-based systems simulation 
of the Snake River Basin. The sim- 
ulation is similar to Management 
Flight SimuZators that have proven 
successful in other fields, such as 
electric power or insurance. Use of 
the program can help stakeholders 
examine issues and options and 
approach consensus by conducting 

Excluded 
jobs in 
agriculture 

erosion 

cropprices \ 

ground water depth to water consumed 
efficiencies seniority 

dates for eficieflcy 

\ 
hydro-electric water sales cost of ahnative 

surface water 

transmisiviies to 

recreational 
uses of river 

@arian habitsf 
aquifer water 

resident 
fish population 

snail 
salmon population 
population 

quality 

System Boundary for the Snake River Explorer 
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what ifexplorations. The figure 
below presents a bulls eye diagram 
showing what is included and 
excluded from the simulation. 

ples the surface and ground water 
is the primary engine of the simu- 
lation. Storage in individual reser- 
voirs is not included. Annual pre- 
cipitation can be specified as either 
average, dry, wet, or a random 
combination of these three. The 
aquifer is segmented into four 
regions, and river recharge is con- 
centrated in two areas along the 
river. Aquifer level in each of the 
segments is calculated. Farming 
areas are modeled in five broadly 
defined irrigation districts. Three 
districts use surface water exclu- 
sively, and two use pumping 
exclusively. Each irrigation district 
has four farms represented, where 
different crops can be grown (each 
requiring different amounts of 
water) and economic benefits can 
be derived. The simulator includes 
the capability to examine how 
water use efficiency and land fol- 
lowing affects river flows. The 
program includes a simple model 
of water rights that determines the 
amount of land under irrigation in 
each of the irrigation districts. 

Electric power generation in 
the Basin is calculated based on the 
flow and distribution of water 
along the river. The amount of 
energy that could be generated by 
dams downstream of the Basin, 
using water flowing from the 
basin, is also calculated. The eco- 
nomic value of the electric power is 
combined with the economic value 
of crops grown to provide an eco- 
nomic indicator called the Gross 
Snake Product. The simulator 
includes the capability to plot 
cumulative measures of water and 
economic performance over a 
100-year simulation period. 

A hydrological model that cou- 

A workshop with eighteen 
stakeholders representing a wide 
range of interests was held in 
Boise. Feedback from the stake- 
holders indicated that they expect- 
ed the integrated systems approach 
taken with the simulation to be 
important in the resolution of 
future water resource management 
issues. Generally, participants in 
the workshop agreed that the exist- 
ing model needs the addition of 
reservoir storage and improved 
information for water rights to 
make it more realistic. 

New or Increased Technical Capability 
The INEL now has a demon- 

strated capability in development 
and use of water resource decision- 
making tools. Using this tool as a 
lever, the INEL should work with 
local, national, and international 
entities to enhance the simulation 
and provide water management 
consulting and educational ser- 
vices. In addition, there should be 
collaboration with universities, 
government agencies, and the pri- 
vate sector to examine other impor- 
tant natural resource issues, such 
as land use management, soil ero- 
sion, water quality, and preserva- 
tion of endangered species. 

Business Development Opportunities 
There has been close coopera- 

tion with the Alternate Energy 
Products directorate and the Envi- 
ronmental Life Sciences Products 
directorate. Contacts for possible 
development of CRADAs are cur- 
rently being planned with the 
Bureau of Reclamation, the Idaho 
Department of Water Resources, 
and the World Bank. 

High-Sensitivity 
Nondestructive Analysis for 

Transuranic Waste 
Characterization 

LDRD 4275 

Y. D. Harker, G. K. Becker 

The purpose of this project was to 
evaluate two methods for producing a 
high sensitivity/high penetration non- 
destructive assay method for deter- 
mining the total activity in a 208-liter 
(55-gallon) drum containing waste 
contaminated with transuranic and 
uranium compounds. The major need 
for this technology is in determining 
the activity concentrations down to 1 
nCi/g so that segregation of waste into 
TRU, low level, or shallow land burial 
categories can be determined based 
on the criteria established by the Envi- 
ronmental Protection Agency. Waste 
forms that are of particular concern 
are the sludges stored at the Radioac- 
tive Waste Management Complex. 
For these waste forms, existing assay 
techniques cannot penetrate the cen- 
ter of the waste, and thus fail to meet 
€PA accuracy requirements. Consid- 
ering that more than 50% of the waste 
stored af RWMC is in this waste form, 
it is imperative that we develop a new 
method for assaying such wastes. 
We judged two methods of active 
interrogation to have the penetration 
and sensitivity to meet this challenge. 
The first is fast neutron interrogation 
and the second is photon interroga- 
tion. This LDRD project was funded 
to look at these two approaches and 
determine their potential with respect 
to meeting the criteria of assaying 
waste like the sludge waste forms. 

Objectives 
Test the feasibility of using He- 
4 fast neutron detectors in con- 
junction with a fast neutron 
(800 keV) interrogation neu- 
tron source to stimulate fis- 
sions in plutonium. 
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Test the feasibility of using 
He-3 thermal neutron detectors 
inside a moderator assembly in 
conjunction with an interroga- 
tion source of high-energy 
Bremsstrahlung photons (6.5 - 
7.5 MeV) to stimulate photo 
fissions in plutonium. 

Accomplishments 

cept being studied is to use an 
interrogation neutron source 
whose energy is below the lower 
energy limit of sensitivity for the 
He4 neutron detectors. Using this 
concept, one could interrogate with 
fast neutrons and at the same time 
detect the higher-energy neutrons 
created by fissions without detect- 
ing the interrogating neutrons. 
This would enhance the sensitivity 
of the method over conventional 
neutron interrogation concepts, 
which use pulsed interrogation 
neutron sources and count fission 
neutrons following the interroga- 
tion. During FY-94 we tested the 
new concept using 230 keV interro- 
gation neutrons and reported the 
results in the annual report for 
FY-94 LDRD 7905. From the 
results of the FY-94 project, we 
concluded that the concept should 
be tested further using higher ener- 
gy interrogation neutrons (800 
keV) to improve the penetrability 
into plutonium chunks. This 
became one of the objectives for 
FY-95. 

For the FY-95 tests, we used 
the same detector configuration 
fastened to a 208-liter (55-gallon) 
drum as was used in FY-94; only 
the energy of the interrogation 
neutrons was changed. As in FY- 
94, the concept using a higher neu- 
tron energy demonstrated the 
desired sensitivity, although there 
was some increase in background 
readings due to a small sensitivity 
in the He-4 detectors to the 800 keV 
interrogation neutrons. These tests 
showed that the higher energy 

The basic premise of the con- 

neutron interrogation provides a 
marked improvement in assaying 
plutonium in the form of dense 
chunks. However, even at the 
higher interrogation energy, there 
is a significant number of neutrons 
being thermalized in the matrix. 
This will be a source of uncertainty 
in all neutron based interrogation 
systems. 

With respect to the second 
objective for FY-95, we performed 
a small-scale test using a small 
moderated He3 detector assembly 
that had been designed for use 
with photon interrogation. Origi- 
nally the plan called for a sensitivity 
test using a large moderated He-3 
detector assembly and a 208-liter 
(55-gallon) drum. The large He-3 
detector assembly was not 
designed for this use, so we modi- 
fied the test plan to use a smaller 
neutron detector designed specifi- 
cally for photo neutron detection. 
The main objective of the smaller 
scale tests was to determine the 
penetrability of the interrogating 
photons. It was clear that photon 
interrogation has the desired pene- 
tration capability. What remains to 
be done is to design and fabricate a 
larger detector assembly with the 
capability of accommodating the 
photon flash. Current knowledge 
indicates that this can be accom- 
plished by extending the design 
used by the smaller detector to a 
larger scale. Therefore, the conclu- 
sion of this project is that photon 
interrogation using the right mix of 
interrogation source and detector 
design is a viable approach to meet 
the sensitivity and penetration 
requirements for waste assay at 
RWMC. 

New or Increased Technical Capabilities 
As stated, this project was cre- 

ated to address a need for non- 
destructive assay at the INEL 
RWMC. We found that both fast 
neutron interrogation and photon 
interrogation have the potential to 

meet this need. Fast neutron inter- 
rogation has the sensitivity and has 
improved penetrability over con- 
ventional thermal neutron interro- 
gation. Photon interrogation has 
the desired penetrability. While 
sensitivity was demonstrated in 
this project, the results provided 
have shown that better sensitivity 
can be achieved with the right 
design of detector circuitry. 

Business Development Opportunities 
This project was directed 

toward a specific need at INEL; 
however, this development could 
benefit other sites. It will require 
more large scale testing before 
commercialization can be considered. 

Flexible Fish Conduit 
Passage System 

LDRD 4374 

B. N. Rinehart 

This report summarizes the action 
taken during FY-95 on the conceptual 
design of an in-reservoir submerged 
conduit for transporting juvenile 
salmon and steelhead (known as 
smolts) downriver to increase the fish 
runs, particularly wild salmon, in the 
Columbia River Basin. Efforts to con- 
trol the waters of the Columbia River 
Basin for positive gains have not 
always yielded completely positive 
results. A less-than-desired conse- 
quence is the impact that reservoirs 
and dams have had, and continue to 
have, on the Basin's salmon popula- 
tions. A concept to minimize this 
impact is the development and opera- 
tion of an in-reservoir conduit salmon 
passage system. The system would 
minimize smolt mortality rates and 
provide a speedier and less sfressful 
downstream passage to the ocean. 

Objectives 
The Idaho National Engineer- 

ing Laboratory (INEL) has pro- 
posed an in-reservoir submerged 
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conduit for smolt transportation as 
an alternative to an open concrete- 
lined channel. The method of fish 
collection is not addressed in this 
report, since it is a separate prob- 
lem that must be addressed for all 
conduit configurations. Several 
fish collection techniques have 
been proposed by biologists, and 
the United States Army Corps of 
Engineers (Corps) is presently 
addressing this issue. The fish 
would be taken through or past the 
dams by a fish passage designed 
by the Corps. The details of the 
dam modifications are being 
addressed by the Corps and, there- 
fore, are not addressed here. The 
conduit will provide for the safe 
downstream passage of juvenile 
salmon and steelhead within the 
Columbia River Basin. Transport- 
ing mature fish back to their 
respective spawning areas is not 
within the scope of this fish trans- 
portation system. 

Accomplishments 
Several conduit configurations 

are being evaluated. All are flexi- 
ble, in-reservoir configurations. As 
presently envisioned, all configura- 
tions would be sized for 5000 m/h 
(3.1+ miles per hour) flow and 
would consist of a flexible, thin 
membrane conduit with appropri- 
ate means of maintaining flow 
velocity within the required limits. 
The conduit would be submerged 
under shipping traffic routes and 
shoreline boating access lanes. 
Resting areas would be provided 
by either conduit rest areas, or by 
in-reservoir net pens. 

This fish transportation con- 
cept is designed to satisfy four 
basic biological requirements. In 
addition, the concept is also 
designed to meet the basic engi- 
neering and legal requirements. 
The four basic biological require- 
ments are as follows: 

Rapid transit of smolts. The 
transmit system should pro- 

vide a time for transit between 
the point of hatching and the 
ocean that is roughly equiva- 
lent to the historical river 
speed, which is approximately 
3 to 5 feet per second. 

Maintenance of river sense trail. 
A transport system must sup- 
ply continuous input to the 
development of a river sense 
trail if mature fish are expected 
to return to the proper spawn- 
ing area. The migratory habits 
of fish indicate that fish accu- 
mulate knowledge or a sense 
of the river path to the ocean 
as they travel the path down- 
stream, and this sense trail is 
replayed in reverse when they 
return to spawn. 

Biological and environmental 
compatibility withfish. Any 
transportation system must 
provide a proper environment 
for the fish during their pas- 
sage. This environment 
includes proper temperature, 
oxygen, rest areas, feeding 
opportunities, protection from 
predators, etc. The materials 
and the transportation process 
themselves must also be harm- 
less to the fish. 

Reservoir use compatibility. 
Many reservoir uses must be 
considered in the design and 
placement of a fish transporta- 
tion system. These uses 
include short-based activities 
that cannot be blocked in the 
access to the reservoir, reser- 
voir navigation (both through 
and across the reservoir), and 
variations in reservoir heights 
resulting from electrical pro- 
duction and irrigation 
demands. 

The advantages and unique 
options of the proposed conduit 
system are as follows: 

Usable in any reservoir. The 
conduit system can be used as 

a submerged system and, if 
required, as a surface system. 

Accommodates reservoir use, 
surface, and shore. The con- 
duit system has the capability 
of being placed submerged or 
on the surface. This makes it 
usable in any reservoir, includ- 
ing those that have barge traffic, 
boats, skiers, and fisherman. 

Oxygenation. The system 
allows for the addition of oxy- 
gen if needed. If so, the pres- 
surized water supply to the 
water jet ring can be supersatu- 
rated with oxygen and 
exhausted into the conduit to 
supply oxygen to the fish. 
Medication or anything else 
dissolvable in water could also 
be supplied 

Underwater storage. Since the 
conduit will not be needed 
year round, it can be sunk and 
stored on the bottom for most 
of the year, owing to its flexi- 
bility and water-tolerant 
design. Recharging the floata- 
tion devices would bring it to 
its operational grade when 
needed. 

Variable location. The light- 
weight and flexible nature of 
the conduit system allows it to 
be moved if future demands 
on the reservoir so dictate. 
Modifications in its linear 
makeup (substitution of under- 
water sections for surface sec- 
tions) would also be possible. 

Simple, mass-produced com- 
ponents. There are only two 
basic components to the sys- 
tem: the conduit sections and 
the water-jets sections (the 
underwater section is a fully 
closed surface section). The 
water-jet sections are used to 
connect the conduit sections 
together. By consisting of only 
two basic components, the sys- 
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tem allows for full use of mass- 
production techniques. 

Easily installed on site. The 
fabrication process for the con- 
duit consists of unrolling the 
conduit sections from the back 
of a construction boat, attach- 
ing the floats, and connecting 
the sections with the pumping 
sections. 

Simple operation from one 
location. The pressurized 
water for the pumping section 
is supplied from one or both 
ends of the conduit. Control of 
the pressured water constitutes 
control of the conduit. 

New or Increased Technical Capabilities 
The INEL has the capability to 

provide a broad spectrum of sup- 
port services to the conduit team to 
ensure timely and efficient design. 
The team comprises the Depart- 
ment of Energy (DOE), Bonneville 
Power Administration (BPA), and 
the U.S. Army Corps of Engineers 
(Corps). Support will be derived 
from INEL personnel with subcon- 
tractors used for special expertise. 
The various forms of support 
include, but are not limited to, cost 
and schedule engineering support, 
technical analysis, and design engi- 
neering support for the flexible in- 
reservoir conduit. 

Methodology for Assessment 
of Power Plant Emissions on 

Air Quality-related Values 
LDRD 4550 

including legislation and stan- 
dards, sampling and monitor- 
ing techniques, available data, 
etc. 

G. J. White 

Section 160 of the Clean Air Act 
(CAA) requires Federal land man- 
agers to adopt measures "to preserve, 
protect, and enhance the air quality in 
national parks, national wilderness 
areas, national monuments, national 
seashores, and other areas of special 
national or regional natural, recre- 
ation, scenic, or historic value. " The 
CAA also contains "prevention of 
significant deterioration" (PSD), provi- 
sions aimed at protecting and enhanc- 
ing the air quality in wilderness areas 
and other locations of special scenic, 
recreational, historical, or natural 
value. The focus of this LDRD is on 
the evaluation of ecological indicators 
of impacts to air-quality-related values 
from pollutants emitted by coal-fired 
electric utilities. We have developed a 
method for assessing the ability of 
various ecological indicators to assess 
these impacts. 

Objectives 
Develop and implement a con- 
ceptual framework to establish 
and prioritize criteria for eval- 
uating potential ecological 
indicators of changes in 
air-quality-related values 
(AQRVs). 

Salmon passage is a critical Identify specific methods for 
applying indicators to assess 
changes in the status of 
AQRVs for use by the electric 
utility companies, responsible 
federal land managers, and 
other interested parties. 

Business Development Opportunities 

issue to the Pacific Northwest, 
where over 50% of the area's elec- 
tricity demand is met by 
hydropower generation. The flexi- 
ble conduit is a viable solution to 
help solve the salmon passage 

Develop a prototype methodol- problem and still maintain a valu- 
able source of electricity. The 
INEL is one of the primary propo- 
nents of the flexible conduit sys- 
tem. If decisionmakers select this 

ogy for implementing an 
AQRV monitoring program in 
Class I areas. 

option, INEL will be in a position 
to provide the needed technical 
support. 

Finalize and maintain a data 
base containing information 
pertinent to the AQRV issue, 
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Accomplishments 
The overall objective of this 

work was to produce a standard- 
ized method by which indicators of 
air pollutant impacts to air-quality- 
related values (AQRVs) in Class I 
areas may be identified and evalu- 
ated. To accomplish this, a concep- 
tual framework for establishing 
and ranking criteria to be used in 
evaluating various potential eco- 
logical indicators of changes to 
AQRVs was developed. The criteria 
thus identified were then evaluat- 
ed using this conceptual frame- 
work. Some criteria were identified 
as being critical to the success of a 
monitoring effort (must criteria), 
whereas others were determined to 
be desirable but not necessarily 
essential (want criteria). Indicators 
that do not meet all the established 
must criteria are eliminated from 
consideration. A ranking system 
was then put into place by which 
the relative importance of each 
want criteria may be established. 

The ranking system was evalu- 
ated during a workshop conducted 
under separate funding during 
which members of the environ- 
mental subcommittee of Western 
Utilities Supply and Transmission 
(WEST), an organization of energy 
producers in the western U.S., 
were introduced to the process. 
Specific methods for applying indi- 
cators to assess changes in the sta- 
tus of AQRVs were evaluated 
using this process during the 
workshop, and feedback from the 
attendees resulted in minor alter- 
ations in the evaluation procedure 
for indicator criteria. 

A draft prototype methodolo- 
gy  for implementing AQRV moni- 
toring programs in Class I areas 
was developed before the WEST 
workshop. This methodology 
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included descriptions of the leg- 
islative authority regarding protec- 
tion of Class I wilderness areas, the 
overall process by which land 
managers determine Class I areas 
and AQRVs at risk, and the 
process by which ecological indica- 
tors should be evaluated in terms 
of their ability to assess AQRV sta- 
tus. The methodology was revised 
following the workshop. 

A database of information per- 
tinent to the AQRV issue was 
expanded and continues to be 
maintained. This database 
includes pertinent legislation and 
standards, techniques for sampling 
and monitoring using ecological 
indicators, and data available to 
date. 

New or Increased Technical Capabilities 
The process described above 

has been designed to provide a 
useable, cost-effective method for 
developing AQRV monitoring pro- 
grams for Class I areas, a method 
that is acceptable to the electric 
utility industry, regulatory and 
non-regulatory government agen- 
cies, and other interested parties. 
As such, it supports the needs of 
western coal-fired utilities. Com- 
pletion of this LDRD has allowed 
INEL to remain on the forefront of 
issues related to monitoring and 
assessment of air-pollution-related 
impacts to ecological systems in 
wilderness and other remote areas. 
This will allow us to act as an unbi- 
ased expert to help industry com- 
ply with federal monitoring and 
assessment requirements in Class I 
areas. 

Business Development Opportunities 
This project has been conduct- 

ed as a collaborative effort with 
Western Energy Supply and Trans- 
mission (WEST). WEST has fund- 
ed a series of workshops designed 
to evaluate and improve the proce- 
dure developed as part of this 
LDRD. The first workshop was 

held in Sun Valley in June, and 
was attended by members of the 
WEST environmental subcommit- 
tee. A revised version of the 
process will be presented and dis- 
cussed at a second workshop 
scheduled for December in Denver, 
to be attended by personnel from 
the various Federal agencies 
involved with AQRV issues. This 
second workshop will enable us to 
incorporate input from the Federal 
agencies to the process. A third 
workshop designed to evaluate the 
decision-making process will be 
held in Pocatello in early 1996. The 
results of the three workshops will 
be reported in March to the WEST 
environmental subcommittee dur- 
ing their annual meeting in 
Phoenix. At the conclusion of the 
Phoenix meeting, the WEST Man- 
agement Committee will decide on 
follow-up funding to field test the 
procedure. Furthermore, although 
developed for the electric utility 
industry, the process has direct 
application and is being marketed 
to other industries, including the 
petroleum and mining industries. 

Passive Containment 
of Volatile Organic 

Soil Vapors 
LDRD 4579 

W. C. Downs 

The migration of contaminant 
vapor plumes in the vadose (unsatu- 
rated) zone at many DOE and indus- 
trial sites is a topic of major concern. 
Locally, evidence indicates that unmit- 
igated migration of the contaminant 
plume at the Radioactive Waste Man- 
agement Complex (R WMC) will even- 
tually contaminate the ground water 
and move beyond the R WMC bound- 
aries. The objective of this effort was 
to demonstrate, in the field, the feasi- 
bility of passive air injection to create 
a pressure buffer beneath the contam- 
inant plume, preventing its further ver- 

tical migration downward. Previous 
work has documented the existence of 
pressure gradients between the 
atmosphere and subsurface soil gas. 
This project makes use of these pres- 
sure gradients to inject fresh air into 
the subsurface beneath the contami- 
nant plume at the RWMC. We 
designed and constructed a one-way 
valve (check valve) and used it to pre- 
vent the exhaustion of the injected air, 
thus maintaining the increased sub- 
surface pressure. Injected air flows of 
up to 2 cubic feet per minute were 
observed, and tracer studies showed 
a radius of influence of at least 20 feet. 

Objectives 
Design and fabricate a one- 
way injection valve. 

Instrument the test well. 

Collect flow and pressure data. 

Perform tracer test for radius 
of influence. 

Submit project report. 

Accomplishments 
We designed a one-way valve 

(check valve) that admits fresh air 
into a well whenever atmospheric 
pressures exceed pressures in the 
subsurface. The valve was engi- 
neered for simplicity of mainte- 
nance and minimal expense. It 
was made of polyvinyl chloride 
(PVC) parts (purchased from a 
local hardware store) and a thin 
Lexan sheet. Some machine work 
was done on the PVC. In opera- 
tion, the thin Lexan sheet, or 
diaphragm, lifts to open at a pres- 
sure differential of only 0.06 mil- 
libars, admitting air into the well. 

the valve directly to the end of the 
4-inch pipe stem protruding from 
the borehole. In the borehole, the 
pipe stem connects on its lower 
end to a straddle-packer, which 
functions essentially like a well 
screen, allowing access to a %meter 
isolated interval of the borehole. 

In this application, we mounted 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



40 National Integrated Environmental Management 

The well was instrumented with an  
anemometer and a pressure trans- 
ducer to record flow and pressure 
in the pipe. 

A multi-level sampling well 
located 20 feet from the injection 
well provided pressure measure- 
ments in the subsurface. The well 
was configured with eight sample 
ports at various depths in the sub- 
surface. Pressure transducers were 
connected to the sample tubes, and 
one to the atmosphere. Fifteen- 
minute data were fed to a data 
acquisition system. 

injecting a pulse of sulfur hexafluo- 
ride (SF6) through a thin tube low- 
ered to the center of the straddle- 
packer. Tracer concentrations were 
monitored in the multi-level sam- 
pling well at a port horizontal to 
the straddle-packed interval. 

Pressure data showed that the 
subsurface interval adjacent to the 
straddle-packer was pressurized 
by high atmospheric pressures at 
land surface. We observed that 
when the atmospheric pressure 
dropped, the pressure in Port 5 
(adjacent to the straddle-packer) 
remained higher than pressures 
above or below. 

ment of SF, from the straddle- 
packer to the sample port 20 feet 
away. With all other modeling 
parameters held constant, a diffu- 
sion coefficient (1.0 mZ/day) twice 
as large as those used successfully 
in other INEL modeling studies 
(0.5 m2/day) was necessary to 
match the observed data. This 
result indicates tracer movement, 
not just tracer diffusion. 

the depth of air injection indicate 
that passive injection does establish 
a buffer zone in the subsurface 
which may prevent further down- 
ward migration of soil vapors, 
effectively isolating the underlying 
aquifer from contamination. Trac- 
er studies indicate that at the loca- 

We performed a tracer test by 

Tracer data show rapid move- 

Pressure increases observed at 

tion studied in this report, a radius 
of influence of at least 20 feet has 
been established. This is support- 
ed by modeling studies of arrival- 
time and breakthrough shape, 
which indicate that diffusion alone 
does not account for the rapid 
arrival of the tracer. 

New or Increased Technical Capabilities 
These results are the first pub- 

lished data showing the use of air 
injection as a vadose-zone plume 
containment technology. It was 
performed using inexpensive 
equipment, relying on natural 
atmospheric pressure fluctuations 
as a driving force. 

Business Development Opportunities 
During the course of this 

research, we made contact with the 
UnoCal Oil Company of California 
and reached a tentative agreement 
to investigate the potential of pas- 
sive injection at one of their sites. 
The interest is centered around the 
concept of supplying air to 
microorganisms in the subsurface 
to stimulate their biodegradation of 
contaminant fuel hydrocarbons. 
This technology, known as 
bioventing, is presently accom- 
plished with electrical motors and 
blowers. The passively powered 
technology demonstrated at the 
INEL is of interest because of its 
low cost, low maintenance proper- 
ties. Business development funds 
have been requested to pursue this 
opportunity. 

Development of Vadose Zone 
Monitoring Instruments 

LDRD 4581 

J. M. Hubbell 

This LDRD focused on develop- 
ing vadose zone monitoring instru- 
ments to rapidly and effectively char- 

acterize, monitor and sample the 
unsaturated zone. This LDRD built, 
tested, and refined the design for four 
vadose zone instruments invented at 
the INEL including the portable ten- 
siometer, deep tensiometer, suction 
bailer, and a field matric potential sen- 
sor (FMPS). The portable and deep 
tensiometer and FMPS measures 
matric potential (soil tension) for cal- 
culation of flux rates and direction of 
flow in the unsaturated zone. The 
suction bailer collects water from 
unsaturated materials or thin saturat- 
ed layers for analysis of chemical or 
radiochemical constituents. Vadose 
zone instruments are used to detect 
contaminant or water movement 
before the contaminant reaches the 
water table. These instruments can 
be utilized at numerous sites through- 
out the world including waste disposal 
sites such as the RWMC, infiltration 
ponds (ICPP, TAN, etc.), inactive tail- 
ing ponds or other sites were contami- 
nant movement is a concern. Patents 
applications have been prepared on 
the first two of these inventions and 
inventions disclosures have been filed 
on the remaining two inventions. 
These vadose zone instruments will 
reduce costs and decrease uncertainty 
in: site characterization, monitoring 
the facility while in operation, and 
post-closure monitoring for subsurface 
contaminants and water movement. 
They will provide data previously unat- 
tainable for determining if the site has 
the potential for contaminant or water 
movement to the water table. 

Objectives 
The overall objective of this 

LDRD is to refine and develop four 
vadose zone monitoring and sam- 
pling instruments. Specific objec- 
tives are: 

Build, test, and evaluate a new 
deep tensiometer design. Per- 
form proof of principle for this 
innovative design. 

Refine and evaluate the design 
of the portable tensiometer. 
Test the reliability of the mea- 
surements to standard instru- 
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ments in laboratory and field 
experiments. Test the range of 
geologic materials that can be 
monitored. 

Build, test and evaluate the 
suction bailer. Refine the 
design for both unsaturated 
and saturated conditions. 

Fabricate a prototype field 
matric potential sensor and 
laboratory test the conceptual 
design. 

Test results will be documented on 
the deep tensiometer, portable ten- 
siometer, suction bailer and field 
matric potential sensor. Patent 
applications will be submitted for 
the deep and portable tensiometers. 

Accomplishments 

met for this LDRD. The deep ten- 
siometer design was built, tested, 
and resultant data evaluated. The 
second design of the deep ten- 
siometer that allows an unlimited 
depth of installation was proven in 
field tests and tested in the field for 
over five months. Development of 
the deep tensiometer spawned two 
additional designs for specialized 
applications and reduced the over- 
all costs of the downhole portion of 
the instrument by a factor of 10. A 
patent application for the deep ten- 
siometer was submitted to the 
Patents and Trademark Office 
(no). 

All of the FY95 objectives were 

The design of the portable ten- 
siometer was evaluated and 
refined. The reliability of the mea- 
surements to standard tensiome- 
ters was tested in laboratory and 
field experiments. The range of 
geologic materials that can be mon- 
itored was tested and a solution 
successfully tested to allow use in 
course grained materials. A design 
was built and tested to allow con- 
tinuous logging in small-diameter 
wells (1.5 inches). A patent appli- 

cation was submitted to the PTO 
on the portable tensiometer. 

Demonstration suction bailers 
were built, tested and evaluated in 
the laboratory. The design was 
refined for use in both unsaturated 
and saturated conditions. Labora- 
tory tests were preformed on the 
porous stainless steel and ceramics 
to use in the suction bailer. 

A prototype field matric poten- 
tial sensor was fabricated and labo- 
ratory tested indicating that this 
concept is viable. The design was 
refined to reduce the time to collect 
matric potential data, increase the 
reliability and make the instrument 
easier to maintain and use. 

New OT Increased Technical Capabilities 
AU of these instruments have 

been invented at the INEL and so 
there is no work being performed 
anywhere else in the world on 
these devices. The INEL is becom- 
ing the world leader on tensiome- 
ter design. These instruments will 
allow accurate measurement of 
matric potential at depths previ- 
ously not possible. They have 
application for basic research to 
test the underlying theories of 
water transport in the vadose zone 
and can be used for field measure- 
ment of moisture/contaminant 
transport at waste disposal and 
agricultural facilities. These tech- 
nologies need to be used in field 
tests and the results published. 

Business Development Opportunities 
Business development oppor- 

tunities varied by the individual 
instruments. We have worked 
with several companies but at the 
same time have tried to limit the 
relationship to protect the Lock- 
heed Idaho intellectual rights. The 
deep tensiometer is the most devel- 
oped instrument and subsequently 
has had the most interest/interac- 
tions with outside organizations. 
Three companies have shown 

interest in this device with one of 
them offering to sell the device, 
once manufactured. This device 
and the portable tensiometer will 
probably be added to the ASTM 
standards on tensiometry, thereby 
increasing its visibility and making 
it a standard instrument. A presen- 
tation was given at ER-95 in 
August 95 on the portable ten- 
siometer. This needs to be fol- 
lowed by publication of the results 
to obtain a peer-review and to 
advertise the capabilities of this 
tensiometer. These devices present 
new concepts that will be initially 
unfamiliar to the scientific commu- 
nity but following the peer-review 
the instruments should become the 
work horses for vadose zone moni- 
toring. The suction bailer and field 
matric potential sensor have only 
been viewed by few in the scientific 
community, but we have received 
favorable responses on these 
devices. All of these instruments 
have a large potential to be built 
and marketed for use at environ- 
mental and agricultural sites. 

Intelligent Sensor 
Data Acquisition Analysis 

LDRD 4863 

R. E. Polk 

This study was conducted to 
determine the extent of the current 
state of the art for the use of fuzzy 
logic and neural networking processes 
(intelligeniYexpert data processing) as 
a means of infedacing chemical sensor 
systems and analytical instrumenta- 
tion to a central data collection sys- 
tem. The data collection system 
would then use expert data process- 
ing to perform real time data valida- 
tions that fulfill CERCWRCRA 
requirements. We reviewed the litera- 
ture; held discussions with vendors of 
computers, computer software, and 
analytical instruments; and conducted 
interviews with researchers develop- 
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ing data systems for chemical sensors 
and analytical instruments to deter- 
mine the technology gaps in real-time 
data validation processes. The study 
revealed that a broad interpretation of 
the definition of the term data valida- 
tion existed. The opinion of most peo- 
ple was that real-time data validation 
meeting CERCLA/RCRA requirements 
was available. However, our investi- 
gation showed that a complete pro- 
gram did not exist, Of the programs 
investigated in the study, some may 
have application as part of a real-time 
data validation process. The results 
of this investigation show the technol- 
ogy gaps and give direction for 
preparing a proposal to gather and 
coordinate the research teams needed 
to develop a comprehensive real-time 
data validation process that meets 
CERCWRCRA requirements. 

Objectives 
Determine if a method is avail- 
able to perform real-time data 
validation that fulfill CER- 
CLA/RCRA requirements, and 
if no method exists, determine 
whether there are research 
organizations developing a 
method. 

Review the current analytical 
data reduction methods, 
instrumentation validation 
processes, research studies for 
computer analytical instrumen- 
tation and computer-sensor 
interfaces, and bar coding 
methods for maintaining sam- 
ple history, integrity, and 
quality. 

Develop a test plan for real- 
time data validation and pre- 
pare a LDRD proposal for 
gathering a qualified team to 
develop a real-time data vali- 
dation process meeting the 
requirements for CERCLA/ 
RCRA. 

Accomplishments 

sive literature search for real-time 
We conducted a comprehen- 

data validation processes that 
would address all issues and 
requirements for CERCLA and 
RCRA. We also searched for com- 
puterized controls and data reduc- 
tion systems for sensors and ana- 
lytical instruments. 

We conducted interviews with 
researchers developing data systems 
for chemical sensors and analytical 
instruments and with vendors for 
computers, computer software, and 
analytical instruments. 

We developed a test plan from 
our evaluation that we used to pre- 
pare an LDRD proposal for FY-96. 

New or Increased Technical Capabilities 
The information gathered in 

this program shows the need for a 
real-time data validation System 
that will meet the CERCLA/RCRA 
requirements. This system would 
greatly reduce the time and cost of 
the current method of manually 
performing data validation. Real- 
time data validation will find 
widespread application at DOE, 
DoD, BLM, etc., state agencies, 
and private industry. 

Business Development Opportunities 

ties will be pursued in the follow- 
on work scheduled for FY-96. We 
will approach several interested 
parties for possible participation in 
CRADA, business spinoff, and 
other business activities. We will 
approach the analytical instrumen- 
tation industry early, both because 
they have a potential for direct 
benefit derived from competitive 
advantage and would therefore 
have a vested interest, and because 
they may speed up and enhance 
the process of system develop- 
ment. Second, the regulatory com- 
munity will be contacted, largely 
because this system of data man- 
agement has been an unfulfilled 
regulatory objective for decades 
and would provide a clear and pre- 
sent advantage to their oversight 
and control capacity. 

Numerous business opportuni- 

Modeling Underground 
Structures 

LDRD 4864 

A. J. Edwards, L. E. Freeman 

The immediate objective of this 
research was to produce models that 
allow the prediction of expected gravi- 
ty and gravity gradient signatures for 
two underground structures on the 
INEL site. A broader objective is to 
establish the INEL as a test bed for 
testing technologies for detecting 
underground facilities. The detection 
and characterization of underground 
facilities was identified as the number 
two national priority in Deputy Secre- 
tary of Defense John Deutch's Report 
on Nonproliferation and Counterprolif- 
eration Activities and Programs pre- 
sented to Congress in May 1994. 
DOE-HWNN-20 has established an 
interlaboratory program to develop 
and test underground detection tech- 
nologies. This project is an integral 
part of the INEL strategic plan to 
develop a product line in underground 
detection technology conceptualiza- 
tion, design, fabrication, demonstra- 
tion, and testing. 

We generated computer code to 
calculate the gravity anomaly and the 
gravity gradient anomalies associated 
with underground structures. The 
code was validated and then used to 
generate results for the BORAX reac- 
tor site and for the Initial Engine Test 
(IET) facility. These sites are being 
proposed as test sites for under- 
ground facility detection technologies. 
The code generates signatures by for- 
ward modeling from three-dimensional 
mass anomaly information. Results 
can be displayed as an undulating 
surface or a contour map representa- 
tion. The code is more flexible in this 
respect than existing commercially 
available 2-1/2-D or 2-3/4-D gravity 
modeling codes. 

Objectives 
0 Generate software to model the 

gravity anomaly produced by 
density anomalies. 
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Generate software to model the 
elements of the gravity gradi- 
ent tensor produced by density 
anomalies. 

Apply these models to the 
BORAX and E T  underground 
structures. 

Accomplishments 
We created and validated 

models allowing prediction of 
gravity anomalies and gravity gra- 
dient anomalies. When given 
information representing the mass 
anomalies in the subsurface, they 
correctly calculate the gravity 
anomaly and the gravity gradient 
anomalies that would be observed 
at the surface. The mass anomaly 
information is input in finite ele- 
ment form, allowing 3-D represen- 
tation of the structure. 

BORAX reactor and the E T  site. 
The figure shows a typical mass 

We applied the models to the 

anomaly horizontal cross section 
through the BORAX reactor and 
the gradient in the X direction of 
the X component of gravity (XX 
gravity gradient) that would be 
observed at the surface. For the 
BORAX reactor, the floor is at 
grade level. The reactor pits and 
utilities trenches are seen in black. 
At the north end, the high density 
concrete walls of the BORAX-V 
reactor pit are seen in white. The 
XX gravity gradient is only one of 
the 9 elements of the gravity gradi- 
ent tensor. The ripples across the 
plot are a result of the irregular 
shape of the basalt bedrock which 
lies about 5 meters below the sm- 
face. The noisy area in the center is 
a representation of the reactor 
itself. Similar data were obtained 
for the E T  site. 

Note that although commer- 
cially available code exists that will 
calculate the gravity anomaly from 
2-1/2-D or 2-3/4-D density anom- 

XX Gravity Gradient 

50 

alies, the commercial package only 
computes the ZZ gravity gradient. 

filed with the Technology Transfer 
Office regarding the software 
developed on this project. A 
detailed technical report with a 
more complete description of this 
project is available. 

An invention disclosure was 

N m  or Increased Technical Capabilities 
The models developed through 

this project have established the 
INEL as a leader in gravity and 
gravity gradient modeling, a new 
capability for the INEL. As a 
result, the likelihood that the INEL 
will be selected as an underground 
facility detection test bed has been 
increased. 

Business DmeZoprnen t Opportunities 
Informal contacts have been 

made with two companies that are 
active in gravity and gravity gradi- 
ent measurement: 

East Position - Meters 0 -0 North Position - Meters 

XX Gravity Gradient 
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Bell Aerospace has a full-tensor 
gravity gradiometer survey 
system that might be demon- 
strated for underground facili- 
ty detection at the lNEL. 

GWR Instruments is develop- 
ing a portable superconducting 
gravity meter and has recently 
been awarded a Small Business 
Innovation Research grant to 
pursue a portable vertical com- 
ponent gravity gradiometer 
based on the same technology. 

Contacts with both of these 
companies have the potential to 
develop into CRADAs or some 
other similar working arrangement. 

Neural Analysis Techniques 
for Field-Deployable 

Environmental Sensors 
LORD 4865 

D. K. Kotter 

We developed neural analysis 
techniques to add artificial intelligence 
to field-deployable environmental sen- 
sors. We performed proof-of-concept 
tests using the electrocatalytic vapor 
sensor (EVS). We demonstrated that 

0 Design and implement a neur- 
al net training test bed. 

Collect test data with the elec- 
trocatalytic vapor sensor. 

Generate a special neural net- 
work algorithm. 

Develop a portable PC-based 
control and data acquisition 
system. 

Perform system-level bench 

Accomplishments 

tests. 

X D D collaboration 
We gave a presentation on 

Lockheed Idaho sensor capabilities 
to key corporate personnel. An 
intercompany work transfer was 
put in place to support adapting 
key corporate neural network tech- 
niques to Lockheed Idaho sensors. 
G. Cordes supported this technolo- 
gy  transfer through a one-month 
outplant assignment. 

Neural network software evaluations 
We evaluated several neural 

network packages, including Math- 
works MathLab, NASA NETS-3, 
and Ward Systems Neuralshell to 
determine the optimum methods 
for processing sensor data. We 
determined that the Dromietarv 

the EVS sensor responded to various 
gases by creating a unique electro- 
magnetic signature. The signature 
was fully characterized through the 

Lockheed GW a l i o ~ &  ql'ck- 
ly converged to a correct solution 
with only 1% of the training data 
required of commercial back-prop- use of neural networks. We demon- - -  

strated that advanced pattern recogni- 
fion algorithms can be developed to 
reduce false and nuisance alarms and 
reduce manpower requirements for 
environmental monitoring scenarios. 
We propose that neural signal pro- 
cessing can be used to enhance sev- 
era1 other INEL sensor technologies. 

agation methods- 
Training test bed 
We configured a test bed to 

emulate sensor field conditions, 
with critical parameters such as gas 
concentration, flow rate, and tem- 
perahre carefully controlled. ms 
provided an environment for train- 
ing the neural network with 
known data/conditions and for 
validating the system with noisy 
data. 

EVS data collection. 
We set up a test matrix for col- 

lecting the sensor data sets neces- 
sary for development and training 

Objectives 
Initiate collaboration with 
Lockheed Martin Research and 
Development Center (RDD). 

Evaluate neural network soft- 
ware tools. 

of the neural network. Multiple 
data sets of NO, and SO, at con- 
centrations of 100,50,10 and 5 ppm 
were collected. Preprocessing 
methods, such as two-point aver- 
aging and smoothing of the data, 
were used to compensate for fluc- 
tuations from electronic noise. 
Data collected over long periods of 
time exhibited excessive drift that 
greatly affected the accuracy of the 
sensor. The experimental setup 
was modified in an attempt to 
improve stability, with marginal . 
benefit. We recommend that 
future enhancements include 
improved sensor temperature reg- 
ulation, printed circuit board 
mounting of the sensor, and 
expanding the neural network to 
compensate for drift trends. 

Neural network algorithm 
We generated a neural net- 

work algorithm for use with the 
EVS sensor. We were able to 
improve spectral identification by 
scanning the raw sensor data and 
doing feature extraction. This 
greatly reduce the complexity of 
analyzing the sensor's output and 
provided near real-time analysis. 
The neural net was highly accurate 
on estimating the contamination 
levels of a single test gas. Results 
obtained with the proprietary 
Lockheed neural network algo- 
rithms (GRNN) were benchmarked 
and validated using a commercial 
neural network toolbox, with 
GRNN being an order of magni- 
tude more sensitive. Experiments 
were limited to identification of a 
two-gas mixture. Future develop- 
ment will center on the identifica- 
tion of several VOC components in 
a mixture. 

Control and data acquisition 
The neural analysis software 

and control hardware was config- 
ured into a lap-top computer. A 
software-based graphical user 
interface was developed. A UNIX 
operating system was installed on 
the system to allow execution of the 
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RDD neural network source code. 
This provided a subset of the devel- 
opment system used at RDD and 
allowed benchtop experimentation 
with 2ive sensor data. The proto- 
type system was configured for 
operation of the EVS. 

Sensor system bench testing 
Experts at the Lockheed Martin 

Research Center performed exten- 
sive training and validation of the 
neural network using sensor data 
collected at Lockheed Idaho. Labo- 
ratory experiments were per- 
formed to see how the sensor data 
acquisition/analysis routine 
worked with noisy, overlapping, 
highly nonlinear, and noncontinuous 
data. Preliminary results show 
that the neural network classifiers 
often outperform classical techniques. 

Summa y 
Bench tests have verified that 

neural analysis techniques can be 
used to make intelligent sensor 
systems that can be optimized for 
the environment where they are 
deployed. A sensor can be retrained 
to monitor specific waste streams 
without hardware modification. 
Many sensor systems must operate 
in environments of extreme noise 
and variants. Nonlinear conditions 
can easily be introduced into the 
sensor system and cause deviation 
from calibration parameters. 
Neural networks easily compensate 
for these varying conditions 
through their extremely flexible 
and fuzzy operation. 

New or Increased Technical Capabilities 
A major initiative was to 

aggressively expand the technology 
base of the Sensor Products 
Directorate by transferring neural 
network technology from the Lock- 
heed Idaho Research Center. Inter- 
company integrated product/pro- 
posal teams were established. The 
core capability now exists to adapt 
specialized Corporate RDD signal 
processing techniques to existing 
Lockheed Idaho technologies. 
Neural nets can improve the per- 

formance of Lockheed Idaho sensors 
by proving the ability to analyze 
the spectra from multi-sensor, 
multi-component mixtures, and 
accurately determine sample com- 
position even when signal to noise 
limits are less than one. This 
would allow field analysis in harsh 
environments without complex 
sampling/separation methods and 
without strictly controlled environ- 
ment conditions. The end product 
would be the development of low- 
cost, field-portable systems with 
analysis capabilities equivalent to 
rival laboratory-based instruments 
of much greater cost and complexity. 

Business Development Opportunities 
An intercompany work trans- 

fer was established with Lockheed 
Martin Corporate. This provided 
extensive visibility of the Lockheed 
Idaho sensor technologies, with the 
goal of collaborating on future 
developments and proposals. The 
application of the electrocatalytic 
vapor sensor in support of biore- 
mediation tasks was presented to 
representatives of the petroleum 
industry. 

Grouping and Modeling 
Ecosystem Components for 
Ecological Risk Assessment 

LDRD 5203 

N. L. Hampton 

The primary purpose of this 
research was to evaluate and refine a 
newly developed methodology for 
conducting screening-level ecological 
risk assessments (SLERAs). High 
economic potential exists for develop- 
ing transferrable risk assessment 
technology to more quickly and cost 
effectively address regulatory require- 
ments at the INEL as well as other 
government and industrial hazardous 
waste sites. An approach to SLERA 
that incorporates functional grouping 
has been developed at the INEL for 

the assessment of terrestrial ecosys- 
tems. The methodology is based on 
using a combination of ecological and 
toxicological data to model exposure 
for a hypothetical species represent- 
ing all members of a functional group. 
This approach was compared with the 
more traditional method of modeling 
exposures for individual endpoint or 
indicator species through a series of 
sensitivity analyses to identify model 
input parameters critical to SLERA 
exposure calculations using both func- 
tional groups and individual species. 
The most sensitive model parameters, 
regardless of whether groups or indi- 
viduals are modeled, were shown to 
include toxicity reference values 
(TRVs) and uptake and bioaccumula- 
tion factors for plants and animals 
(PUFs and BAFs). Exposures calcu- 
lated for individual receptors were 
shown to be less conservative when 
extrapolating potential exposure to 
similar receptors. These results will 
be used to refine the functional group- 
ing methodology for ecological risk 
assessment at terrestrial sites having 
multiple contaminants and to focus 
limited resources on collecting the 
most important ecological or toxicolog- 
ical input data. An extension of this 
project scope (year-end funding) 
allowed a preliminary evaluation to 
determine the feasibility of developing 
broadly applicable plant uptake a#&- 
ment factors for radioactive contami- 
nants (N. Hampton, R. VanHorn, 
G. Harris). Late year funding was 
also approved to support preliminary 
investigation of wetland areas associ- 
ated with the Big Lost River. Aquatic 
samples and field observations were 
collected for two major areas on the 
INEL including the Big Lost River 
sinks and playas and R WMC spread- 
ing area A (R. Rope). 

Objectives 
Refine methodology for group- 
ing receptors for ecological risk 
assessment. 

Use existing data to define 
ranges and medians for the 
ecologically-based screening 
level (EBSL) model parameters, 
and perform sensitivity analy- 

e 
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ses to identify critical parame- 
ters in the EBSL model. 

Compare EBSLs calculated 
using the functional group 
method with the individual 
species methodology and 
determine the usefulness or 
functional grouping for build- 
ing or reducing conservatism 
in calculated EBSLs. 

Document project results (draft 
informal report). 

Present the results of this 
research at the annual meeting 
of the Society of Environmen- 
tal Toxicology and Chemistry 
(SETAC). 

Conduct a preliminary assess- 
ment of soil properties and 
plant characteristics affecting 
plant radionuclide uptake and 
summarize available plant 
uptake/bioavailability data for 
radionuclides over a range of 
soil pH (extended project 
scope). 

Evaluate wetland indicators 
(vegetation, hydrology, and 
soil) for areas of the INEL 
which received water from 
upstream releases to the Big 
Lost River (primarily the Big 
Lost River Sinks and playas). 
1995 is the first year since 1984 
in which signifcant stream 
flows have reached and 
remained on the INEL [extend- 
ed project scope (R. Rope)]. 

Accomplishments 
This research supports the 

development of systematic, repeat- 
able and more cost effective 
methodology for addressing CER- 
CLA related remediation activities 
for hazardous waste sites, specifi- 
cally, ecological risk assessment. 
Ranges and median values for 
individual model parameters were 
developed from existing data or 
estimated. These values were then 
used to perform a suite of sensitivi- 

ty studies to identify which model 
parameters most signhcantly 
affect the calculated contaminant 
exposure level for receptors. The 
model was tested using both 
grouped (functional grouping) and 
individual receptor calculations. 
EBSLs for individual species were 
shown to be less conservative 
exposure indicators for similar 
receptors. A draft informal report 
titled An Evaluation of Ecological- 
ly-based Screening Levels for Sin- 
gle and Grouped Receptors, 
INEL-95/0286, was prepared to 
document the original scope of this 
proposal. An abstract summariz- 
ing the results of this project was 
submitted and accepted for presen- 
tation at the SETAC meeting in 
November, 1995. A preliminary 
assessment of soil properties and 
plant characteristics affecting plant 
radionuclide uptake in varying 
soils was conducted. Aquatic sam- 
ples and field data were collected 
at three wetland sites on the INEL. 

New m Inmeased Technical Capabilities 
This research builds upon 

existing INEL risk assessment 
capabilities and expertise at both 
the individual and group level. 
Sigruficant contributions to ecologi- 
cal risk assessment methodology 
have been developed at the INEL 
and have received positive review 
by government agencies and 
industry at the local and regional 
level. This study was intended to 
enhance the application of these 
new methodologies and was used 
to focus research on the next step 
in development and application of 
ecological risk assessment method- 
ology for terrestrial sites having 
complex contaminant issues. 
Efforts will now be concentrated 
on addressing techniques for 
decreasing the uncertainty associ- 
ated with the most sensitive expo- 
sure model parameters and devel- 
oping methods to quanbfy and 
reduce the uncertainties associated 
with exposure assessment in general. 
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Two proposals have been devel- 
oped and submitted as a continua- 
tion of this research. The first 
addresses the potential for reduc- 
tion of model uncertainty associat- 
ed with TRVs and the second, a 
tool for calculating more realistic 
PUF values for site specific soil 
conditions. 

Business Development Opportunities 
Scientists and risk assessors 

from the INEL and Dames and 
Moore collaborated to develop the 
EBSL model for use in INEL 
screening-level ecological risk 
assessments. The results of this 
research has potential for benefit- 
ing risk assessments conducted 
across the country by Dames and 
Moore as well as other contractors. 

Water Shutoff in Producing 
Oil Wells Using Bacteria 

LDRD 5205 

E. P. Robertson, C. P. Thomas, 
G. A. Bala 

The purpose of this project was to 
determine the ability of bacterial 
agents to reduce the influx of water 
into producing oil wells. Many oil 
fields produce large amounts of water 
along with the oil because of 
encroaching brine. Reducing the pro- 
duced water volume would result in 
more favorable field economics by 
decreasing fluid lifting costs and water 
disposal costs, as well as increasing 
oil production. 

Current industry techniques for 
addressing this problem involve the 
use of polymers cross-linked with a 
metal ion (usually chromium 111 or alu- 
minum) to plug porous rock. Bacterial 
plugging technology is expected to be 
more economical and environmentally 
compatible compared to polymers 
cross-linked with metal ions. 

variety of media) were selected for 
plugging experiments based on their 
reported ability to produce polymer. 

Six different bacterial strains (in a 
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Initial tests were done in one-dimen- 
sional flow experiments using sand- 
packs of crushed sandstone. The 
best plugging culture was applied to a 
two-dimensional physical model of an 
oil reservoir filled with crushed sand- 
stone and saturated with both oil and 
water. Results from the reservoir 
physical model show that treating the 
production well with the selected bac- 
teria preferentially plugs the water 
zones and significantly reduces the 
produced water-oil ratio. 

The use of this technology could 
have a large economic impact on the 
regional and national oil and gas 
industry. Potential benefits to the 
INEL include licensing contacts with 
oil industry service companies. 

Objectives 

e 

Construct one-dimensional 
sandpacks. 

Construct a bench scale two- 
dimensional sandpack (reser- 
voir physical model). 

Select bacterial strain to be 
used in reservoir physical 
model based on performance 
in one-dimensional sandpacks. 

Run control experiments in 
reservoir physical model. 

Test optimized bacterial sys- 
tem in reservoir physical 
model for capability of reduc- 
ing water production and 
effect on oil production. 

Evaluate economic efficiency of 
bacterial system for water 
shutoff in producing wells. 

Accomplishments 

packs were constructed and used 
to evaluate different bacterial 
strains for their ability to plug 
porous media. Three pore vol- 
umes of bacteria were then injected 
in the outlet end of each column. 
The inlet lines and sandface were 
then flushed with deionized water 
to displace bacteria that may cause 

One-dimensional flow sand- 

facial plugging during subsequent 
permeability tests. 

We selected six different bacte- 
rial strains for experimentation 
from the open literature based on 
their ability to produce polymer. 
All six strains were tested for their 
ability to plug porous media using 
the one-dimensional sandpacks. 
Sandpack permeability was mea- 
sured as a function of the amount 
of liquid injected through the col- 
umn. Bacterial inoculation and 
incubation can affect the perme- 
ability of the column drops si@- 
cantly. We selected B. circulans to 
be applied in the two-dimensional 
reservoir physical model based on 
these results. 

A bench-scale physical model 
of a producing oil reservoir was 
constructed, filled with crushed 
Berea sandstone, and then saturat- 
ed with water. We then intro- 
duced rude oil into the model and 
allowed time for the system to 
come to equilibrium and steady- 
state flowing conditions. Control 
experiments on the physical model 
established baseline production 
data that we used to compare data 
obtained after bacterial application. 

We studied the effect of apply- 
ing bacteria to the two-dimensional 
reservoir physical model. We mea- 
sured water cut and the percent of 
the production liquid that is water 
as a function of the number of pore 
volumes produced from the model. 
Before bacterial inoculation, the 
water cut reached 95% after 0.3 
pore volumes were produced. 
After bacterial inoculation, the pro- 
duced water cut dropped to 50%; a 
47”/0 reduction from the pre-treat- 
ment level. 

An economic program was 
written to evaluate the efficiency of 
the bacterial water shutoff system. 
The oilfield economic and produc- 
tion variables needed for the model 
were provided by Phillips Petrole- 
um Company and are indicative of 
the Smackover oil field in southern 

Arkansas where water production 
is high. The process appears to be 
economically attractive. Based on 
results from this project, the bacter- 
ial process would pay out in 40 
days for a typical Smackover well. 
The main cost driver for microbial 
water shutoff is the nutrient cost. 
No effort has been made to eco- 
nomically optimize the nutrient 
recipe, but lowering nutrient cost 
should be easily accomplished for 
field application. 

N m  or Increased Technical Capabilifies 
The INEL has benefitted from 

this project by expanding the use 
of biotechnology into this important 
area in the oil and gas industry. 
The process has been proposed by 
other researchers, but to the best of 
our knowledge this is the first time 
reducing produced water in oil 
reservoirs using bacteria has been 
shown to work. 

Business Development Opportunities 
This process has potential for 

business opportunities. However, 
more work (both in the laboratory 
and in the field) is necessary before 
commercially marketing the 
process. An oil field service com- 
pany, TIORCO Inc., Denver, Col- 
orado, expressed interest in the 
results of the project. We have 
worked with this company in the 
past, but though they are interest- 
ed they have no experience nor 
expertise in using microbes in oil 
field applications, so CRADA 
opportunities with them appear 
small. We have also discussed the 
reservoirs using bacteria has been 
shown to work. 

Business Development Opportunities 
This process has potential for 

business opportunities. However, 
more work (both in the laboratory 
and in the field) is necessary before 
commercially marketing the 
process. An oil field service com- 
pany, TIORCO Inc., Denver, 
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Colorado, expressed interest in the 
results of the project. We have 
worked with this company in the 
past, but though they are interest- 
ed they have no experience nor 
expertise in using microbes in oil 
field applications, so CRADA 
opportunities with them appear 
small. We have also discussed the 
work with Phillips Petroleum 
Company, Bartlesville, Oklahoma. 
They also are interested in the out- 
come. No other serious discus- 
sions with external businesses have 
been made to date. 

Estimating Sorption 
Properties of Clay Materials 

LDRD 5301 

R. W. Smith, C. A. Dicke 

Radionuclide mobility is a primary 
concern in risk and performance 
assessments and in the design of 
remedial actions for contaminated 
sites. Transpott models are used in 
Risk and Performance Assessments 
to predict contaminant concentration 
distributions. These concentration 
distributions are then used to evaluate 
dose to the public by groundwater 
consumption. Typically, transport 
models utilize empirical data to 
describe contaminant interactions with 
the porous media. The empirical data 
describe bulk geochemical interac- 
tions, often in the form of a distribution 
coefficient, and offer no insight into 
the mechanisms controlling contami- 
nant retention. In addition, site-specific 
distribution coefficients are not avail- 
able for transport calculations. This 
can lead to over or underestimation of 
contaminant migration. Decisions 
based on these predictions can result 
in additional expense in siting new 
disposal facilities and remediation of 
old disposal facilities because the fac- 
tors controlling the contaminant migra- 
tion are not known. Methods devel- 
oped in this research will provide a 
technology to predict adsorption 
behavior based on mechanisms relat- 
ed to site mineralogy and water chem- 

istry. Therefore, changes in contami- 
nant sorption behavior resulting from 
variations in solution chemistry (e.g., 
pH dependence or chemical composi- 
tion) can be modeled. This project 
enhances the understanding of conta- 
minant behavior in sediments and pro- 
vides an improved basis for prediction 
of contaminant mobility. 

Objectives 

Convert the FITEQL nonlinear 
optimization program to the 
FORTRAN computer language 
from BASIC to provide a more 
efficient implementation of the 
code. 

Determine acidity constants 
and surface complexation con- 
stants on Fe, Al, Si, and Mn 
oxides. 

Develop predictive algorithms 
to estimate S C M  constants 
based on effective charge, ionic 
radius and hydrolysis behavior 
of the aqueous ions involved 
(c.f., Smith and Jenne 1991). 

Derive surface acidity con- 
stants for clay minerals such as 
kaolinite and smectites. (Task 
will run into FY-96). 

Derive SCM constants for 
adsorption onto clay minerals 
such as kaolinite and other 
clay minerals (Task will run 
into FY-96). 

Accomplishments 

The ability to predict the 
mobility of hazardous metals, met- 
alloids, and radionuclides in the 
subsurface on a mechanistic basis 
has a wide range of applications at 
the INEL, other DOE facilities, and 
in the private sector. Mobility of 
contaminants is a primary concern 
in designing disposal facilities and 
remedial activities for active and 
inactive hazardous and mixed 
waste sites. Many current risk 
assessment and hydrologic solute 
transport computer codes repre- 

sent contaminant retardation with 
sorption isotherms (e.g., linear, 
langmuir, and freundlich). 
Isotherms are strongly dependent 
on experimental conditions and are 
not readily extrapolated to other 
conditions. In addition, risk 
assessment is commonly conducted 
prior to site characterization result- 
ing in the selection of adsorption 
parameters with a bias toward 
availability rather than appropri- 
ateness (i.e., other conditions). To 
compensate for the lack of site- 
specific sorption parameters, what 
are thought to be conservative val- 
ues for retardation parameters are 
often used. These conservative 
retardation parameters may result 
in overestimating the spatial extent 
of contamination and underesti- 
mating the concentration of conta- 
minants in soils and sediment near 
the sources of contamination. 
Also, the use of nonsite-specific 
adsorption parameters are not nec- 
essarily conservative and may result 
in predictions that underestimate 
contaminant migration. 

Finally, sorption isotherms do 
not explicitly reflect the physical 
processes that control retardation 
(e.g., surface adsorption, surface 
precipitation, surface absorption, 
or surface induced redox reac- 
tions), limiting their usefulness for 
modeling sites where system para- 
meters (e.g., pH, Eh TDS, etc.) may 
change significantly through time. 

The mechanistic diffuse double- 
layer model (DLM) as implement- 
ed by Dzombak and Morel (1990) 
is being used to estimate sorption 
constants. In order to develop a 
consistent set of DLM parameters, 
a bibliography containing over 300 
references dealing with adsorption 
of various metals and radionu- 
clides onto silica, aluminum, iron, 
and manganese oxides and clay 
minerals has been established. The 
data from these studies are cur- 
rently being extracted to determine 
oxide surface properties from titra- 
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tion data and DLM complexation 
parameters using the nonlinear 
optimization program FITEQL. 
The work of Dzombak and Morel 
(1990) has been used as a reference 
point to begin parameter estima- 
tions. Surface acidity constants 
have been determined for the sim- 
ple oxides and surface complexation 
constants for uranium, neptunium, 
and plutonium have been deter- 
mined based on adsorption experi- 
ments for hydrous ferric oxide and 
goethite. 

An algorithm to predict DLM 
constants using the methods of 
Brown and Sylva (1985) based on 
effective charge, ion size, and 
hydrolysis behavior of the aqueous 
ions involved for sorption on 
oxides has been developed. Pre- 
dictions based on these relationships 
expand the number of hazardous 
metals and radionuclides that can 
be addressed using the DLM to 
describe adsorption (see the figure 
below). This algorithm can be 
used to estimate adsorption con- 
stants for metals and radionuclides 
that have no available data for iron 
oxides. An abstract on the surface 

complexation of actinides on iron 
oxides has been submitted for 
peer-reviewed publication in Scien- 
tific Basis for Nuclear Waste Man- 
agement and a manuscript is in 
preparation for submission to 
Radiochimica Acta documenting 
the predictive algorithm for iron 
oxide adsorption. 

New m Increased Technical Capabilities 
The combination of consistent 

adsorption constants and identifi- 
cation of the solid phase control- 
ling adsorption of metals and 
radionuclides in INEL sediments 
will allow prediction of adsorption 
parameters for transport models 
based on soil mineralogy and 
water chemistry. The impact of 
varying water chemistry and solid 
phases can then be addressed 
using models with confirmatory 
experiments rather than extensive 
laboratory studies. 

Enhanced capability to simu- 
late contaminant migration in the 
subsurfaces is beneficial because 
long-lived radionuclide decay is 
slow relative to the effective life- 
times of engineered hydrologic 
barriers thereby exposing these 
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contaminants to leaching and sub- 
sequent migration for long time 
periods. Currently, most migration 
simulations are based on hydrologic 
solute transport codes that repre- 
sent retardation using linear sorp- 
tion isotherms derived from studies 
of bulk geochemical interactions 
within a limited range of experi- 
mental conditions which limits 
predictive capability. However, 
predictions of actinide an metal ion 
behavior based on mechanistic 
understanding can be extrapolated 
to diverse conditions including 
new investigation sites. In addi- 
tion, adsorption simulations based 
on a mechanistic understanding 
enhances the ability to make cost 
effective decisions on remediation 
and disposal options. 

Business Development Opportunities 

modeling for Performance and 
Risk Assessments and remedial 
activities involving metals and 
radionuclides at facilities across the 
INEL. Other DOE, DOD, and com- 
mercial facilities will also benefit 
from this technology because it 
will provide a means to determine 
contaminant interactions with 
porous media quickly and cost 
effectively. 

This work will aid in transport 

Identification of a 
Su rfactant/AlcohoVPolymer 

System for Safe Mobilization of 
ICE 

LDRD 5303 

G. M. Shook 

We have focused our efforts on 
identifying a chemical mixture (surfac- 
tant, alcohol, and polymer [SAP]) in 
order to solubilize a significant amount 
of TCE in a micro-emulsion. A 
microemulsion is any stable mixfure of 
surfactant, NAPL, water, and alcohol. 
The initial design criteria used in this 
study was to minimize the density of 
the resulting microemulsion, however, 
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theoretical and numerical studies have 
shown that vertical migration of a 
DNAPL is controlled by two dimen- 
sionless scaling groups: a gravity 
number and the effective aspect ratio. 
Embedded in these two scaling 
groups are four design parameters: 
injection rate, micro-emulsion phase 
density and viscosity, and well spac- 
ing. Numerical simulations show that 
the extent of vertical migration can be 
predicted on the basis of the two scal- 
ing groups. Through manipulation of 
the design parameters, we can design 
a cleanup in which vertical migration 
is predicted and wells screened suffi- 
ciently deeply for full capture. This 
has been tested at the laboratory 
scale. Excellent agreement was 
obtained between the predicted and 
observed migration. This demon- 
strates that hydraulic control over the 
contaminant can be maintained, and 
that we can aggressively address 
DNAPL remediation. A schematic of 
the process is given in the figure. 

0 bjectives 

Develop theoretical arguments 
using inspectional analysis to 
show vertical migration of 
DNAPLs is controlled by two 
scaling groups. 

Perform sensitivity studies to 
illustrate the relationship 
between migration and the 
scaling groups. 

In laboratory experiments, 
identlfy surfactant and alcohol 
pairs for solubilization of TCE. 

Perform corefloods using the 
chemical pairs identified in 
Task 3 to evaluate solubiliza- 
tion potential of TCE. Simulate 
all of the corefloods. 

Perform two-dimensional labo- 
ratory experiments to demon- 
strate vertical migration is 
predictable and controllable. 
Use theoretical and numerical 
arguments from tasks 1 and 2 
to predict vertical migration. 
Compare against experimentally- 
observed migration. 

National Integrated Environmental Management 

Accomplishments 

project were: to determine the 
factors that control the vertical 
migration of a dense, organic cont- 
aminants in the subsurface, to 
derive expressions that describe 
those controlling factors, and to 
demonstrate through laboratory 
experiments the validity of the 
approach. Through the use of 
inspection analysis we have written 
the partial differential equations 
describing flow in a two-dimen- 
sional cross section in dimension- 
less terms. The advantage of using 
dimensionless equations is that the 
solutions apply to all problems that 
are geometrically similar; thus, 
solutions are applicable to both lab 
and field scale. In doing so, we 
have shown that the vertical 
migration of a more dense phase 
(either a DNAPL or a microemul- 
sion that contains a sigruficant 
amount of a DNAPL) is a function 
of only two dimensionless groups: 
a gravity number, Ng, and an 
effective aspect ratio. 

Also within these dimensionless 
groups are four design parameters: 
microemulsion phase density and 
viscosity, respectively, injection 
rate, and well spacing. These are 

Our primary objectives in this 
design parameters, since, by select- 
ing their value, we are able to par- 
tially control the value of the two 
scaling groups. It is important to 
realize that the specific value of 
any given parameter within the 
scaling group is unimportant; it is 
the value of the group that 
describes the vertical migration. 
Therefore, we are able to manipu- 
late the amount of migration of the 
contaminant. 

Numerical simulations of 
DNAPL migration as a function of 
these scaling groups has been con- 
ducted. The vertical migration of 
the contaminant is a function of the 
two scaling groups, and is pre- 
dictable. We have performed two 
experiments to validate this theory. 
In both cases, the predicted migra- 
tion agreed within 5% of the 
observed migration in the experi- 
ment. We have therefore shown 
that the migration of DNAPLs in 
the subsurface is a predictable 
quantity, and that we are able to 
design a remediation strategy that 
captures the full plume. 

Nao or Increased Technical Capabilities 
This is the only approach that 

we are aware of in which DNAPL 
migration is predicted on the basis 
of design parameters and aquifer 

Passive air injection 

Passive Air Injection 
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properties, and full capture of the 
plume can be ensured. We believe 
a pilot scale field test will demon- 
strate this new technology to the 
environmental field, and we will 
be able to use this new technology 
in support of many DOE and DOD 
field sites. 

Business Development Opportunities 
We have submitted a white 

paper (preproposal) on this tech- 
nology to various DOE and DOE 
program managers, including man- 
agers at LLNL, various U.S. Air 
Force bases, the Air Force Center 
for Environmental Excellence, and 
the DOE Plume Focus Group. This 
white paper describes the technolo- 
gy, and solicits partial funding for 
a field test. We have further 
formed a tentative working group 
that includes INEL, University of 
Texas, and private (Intera Company) 
researchers, all of whom have 
extensive experience with this type 
of technology. We believe that a 
successful field demonstration will 
enable the INEL to take the lead in 
treating DNAPL-contaminated 
sites throughout the world. 

Aquatic Vascular 
Plant Control 

LDRD 5601 

P. A. Pryfogle, B. N. Rinehart 

The purpose of the program was 
to assess the extent of nuisance algal 
and aquatic plant growth in hydropower 
waterways in the Northwest United 
States. One objective of the program 
was to identify a specific aquatic plant 
growth problem and become more 
involved with the processes develop- 
ing and implementing a control strategy. 
This effort was to help establish a 
more realistic understanding of aquat- 
ic plant growth problems and become 
aware of the constraints and require- 
ments associated with controVeradica- 
tion techniques. 

0 bject ives 

Evaluate the extent of nuisance 
aquatic plant and algae growth 
in the Pacific Northwest. 

Establish a data-base on the 
problems identified and the 
control strategies that have 
been used to alleviate the 
problems. 

Examine regulatory (local, 
state, and federal) concerns 
associated with treatment 
methods. 

Select a location with problem 
growth and become involved it 
the abatement processes. 

Write and submit summary 
papers to refereed journals. 

Accomplishments 

nuisance aquatic plants and algae 
is quite large costing the public 
millions of dollars not only for 
treatment and control but also for 
damages directly and indirectly to 
the environment and use of aquatic 
ecosystems. Agriculture and 
hydro-power generation facilities 
probably represent the largest 
industrial sector directly impacted 
by aquatic plants and algae. 
Whereas human uses associated 
with recreation and aesthetics are 
other areas impacted by excessive 
aquatic plant and algae growth. 

throughout the Northwest was not 
assembled since it was determined 
that there are several resources 
currently available for similar 
information. The U.S. Department 
of Interior and the U.S. EPA main- 
tain records for the licensing and 
use of pesticides for the control of 
aquatic weeds. Both agencies have 
databases available providing 
information on use and areas of 
application. Similarly, several 
chemical companies that produce 
aquatic plant control products, 

The extent of the problem with 

A data base on the problems 

publish pamphlets and guides that 
aid in the identification of aquatic 
plants, offer suggested herbicides 
for their control, and briefly state 
regulatory concerns for their use. 

Information on algae growth 
problems was similar to aquatic 
plants but it was somewhat 
sketchy. Algal problems tend to be 
a little harder to track. Often algal 
growth problems are treated and 
then forgotten with little or no 
record of decisions made. The use 
of copper sulfate or copper-based 
products are commonly used, how- 
ever the general movement is to 
remove this option through tighter 
regulations on the use of copper in 
aquatic environments. The main 
concern here was the potential 
build up of heavy metals (copper) 
in the environment over repeated 
and extended periods of application. 

The majority of the regulations 
are associated with state and federal 
agencies; however, other users in 
watersheds may also dictate regu- 
lations guarding their interests as 
well. These interests are associated 
with recreational uses, public 
health criteria, and other public 
uses. This may create a need for a 
case by case study to determine the 
general and specific regulations 
associated with each problem 
growth site. 

A specific problem related to 
excessive algae growth in hydro- 
generation canals was identified. 
A collaborative effort was estab- 
lished between Lockheed Idaho 
Technologies Company (Lockheed 
Idaho) and Pacific Gas & Electric 
Company (PG&E) to assist in 
developing a resolution to their 
algae problems. Their particular 
problem was caused by filamen- 
tous algal growth in their transfer 
canals resulting in an inability to 
maintain adequate flow for opti- 
mum power generation. Over the 
course of this year's effort we 
established baseline water quality 
information, identified the algae 
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associated with the problem, and 
initiated a couple studies aimed at 
remediating the nuisance algae 
growth. In addition a cooperative 
research and development agree- 
ment (CRADA) is under develop- 
ment between Lockheed Idaho and 
PG&E for continuing work on this 
particular problem. 

Nao or Increased Technical Capabilities 
This effort provided an oppor- 

tunity to expand on the existing 
skills at the INEL to develop envi- 
ronmental measurement processes. 
Our involvement in the selection of 
water quality criteria and sampling 
strategy was requested by PG&E 
for establishing base-line informa- 
tion on the hydro-generation 
canals. Plus our involvement with 
this problem has provided an 
opporhmity for us to receive recog- 
nition in working with aquatic 
plant and algae problems. 

Business Development Opportunities 
There are several areas where 

business potentials have been 
developed. We are underway with 
the creation of a CRADA agree- 
ment between Lockheed Idaho and 
PG&E. One particular aspect of 
this agreement offers us the oppor- 
tunity to test facilities that would 
be hard to find or construct other- 
wise. A second opportunity lies in 
the development of biological 
materials for the control of nui- 
sance algae growth. The produc- 
tion of an environmentally friendly 
product may capture a percentage 
of the lucrative aquatic herbicide 
industry and offer a substantial 
return-on-investment for Lockheed 
Idaho. Similarly, a technique is 
under study for sampling, making 
observations, and taking measure- 
ments in high flow open canal sys- 
tems. This technique also carries 
certain product value. 

Bioprocessing of 
Indigo Textile Dye 

Waste Effluent 
LDRD 5608 

J. K. Polman 

The project was designed to dis- 
cover solutions for treating indigo- 
containing waste effluents from textile 
dyeing plants. This is important to the 
denim textile industry, which is a large 
business in this country. The pro- 
posed solution was to use a biocata- 
lyst to decolorize the indigo dye found 
in effluents, making them more suit- 
able for discharge to public waters. 
The biocatalyst was to be discovered 
and patented by INEL researchers, 
providing revenue for the INEL and an 
expandable business opportunity for 
the local and regional community. A 
biocatalyst that decolorized indigo was 
discovered and characterized, and an 
invention disclosure has been filed. 
An additional business opportunity 
was discovered in the use of the bio- 
catalyst for fading denim fabric. This 
is the subject of an LDRD proposed 
for fiscal year 1996. 

Objectives 

Discover and characterize bio- 
catalysts that decolorize indigo 
dye. 

Use these biocatalysts to develop 
bioprocesses for decolorizing 
indigo dye in waste effluents 
and denim products. 

Nao or Increased Technical *abilities 

six indigo carmine decolorizing 
microorganisms out of 390 strains 
tested. One of these organisms is 
outstanding in its ability to decol- 
orize, and we focussed all of our 
subsequent work on that microor- 
ganism. This particular creature is 
one that we predicted would 
degrade indigo based on a specific 
physiological property (which we 
cannot disclose due its enabling 

To date, we have discovered 

nature). These are the things we 
have found out about this unique 
biocatalyst: 

It is extracellular, and thus is 
easily purified from cultures. 
This is a very beneficial prop- 
erty with regards to preparing 
the biocatalyst for use in an 
industrial formulation. No cell 
rupture is required; cell rup- 
ture, as the term implies, con- 
sumes a lot of energy. 

Oxygen enhances the decol- 
orization reaction and may be 
a co-reactant. If oxygen is 
required to obtain good decol- 
orization, the cost of decolor- 
ization increases significantly. 

It decolorizes insoluble indigo. 
This is the most relevant form 
of the indigo dyes we studied. 

It has a molecular size less 
than 3,000 daltons. This is 
unusual for a biocatalyst. 
Because of its small size, it may 
not be an enzyme. 

It is stable at room temperature 
for long periods (days). This is 
also an indication it is not an 
enzyme. The observation is a 
good one from a product 
standpoint, because the prod- 
uct will be stable during stor- 
age and shipping. 

It is sensitive to extreme heat. 
This suggests that the catalyst 
is organic rather than inorganic. 

It tolerates very high concen- 
trations of surfactant. Since 
surfactants are often present in 
textile dye waste streams, this 
property will be beneficial to 
its use in harsh waste mixtures. 
So far we have been unable to 

use the biocatalyst to fade indigo- 
dyed denim. This is probably due 
to either the inaccessibility of the 
indigo to the biocatalyst or to the 
complexation or fixation of the 
indigo to the fabric. An LDRD 
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proposed for FY-96 to addresses 
this problem. 

We envision bioprocess 
schemes in which (a) effluents 
stored in a holding tank are treated 
with a commercial preparation of 
our biocatalyst, and (b) denim 
products are washed in a biocatalyst 
detergent which fades them. 

New or Increased Technical Capabilities 
If the decolorization process is 

patented, the INEL will own a 
process for treating indigo-dyed 
products in an industry which pre- 
fades ninety-eight percent of the 
600 million indigo-dyed garments 
produced in the United States each 
year. This translates into a lot of 
money for the INEL. The effort 
requires that we continue the 
research with denim-fading so that 
a method for using the biocatalyst 
to access fabric-entrapped indigo 
can be developed. The accom- 
plishment of discovering a new 
indigo-decolorizing microorganism 
adds to INEL Biotechnology's 
capability of finding the right bug 
for the right job. 

Business Development Opportunities 
The problem of decolorizing 

indigo was first posed to us by 
Ned Lindsey, the Vice President of 
Technical Services at Avondale 
Mills in Sylacauga, Alabama. 
Based on his interest, we proposed 
to use LDRD funding in Fy-95 for 
finding an indigo-decolorizing bio- 
catalyst and implementing it in the 
treatment of waste or the fading of 
denim. We have communicated 
our progress (without enablement) 
to Mr. Lindsey during the entire 
project. We also visited the Avon- 
dale plant to collect samples, 
obtain denim, and get an idea of 
the plant layout. 

We have also communicated 
our research progress to Art Toom- 
pas (Corporate Environmental 
Manager) and Steve Sheffey (Direc- 
tor of Product Development) of 
Cone Mills in Greensboro, North 

Carolina. They have both 
expressed interest in our work. 

performed by LITCOs Business 
Development Department this 
summer. The final results of that 
study have not been communicat- 
ed to us yet, but we were informed 
by the researcher Brad Goodson 
that Levi Strauss had been 
approached with the idea of fading 
denim with our biocatalyst. They 
were interested in our results. 

A marketing assessment was 

Removal of Methanol from 
Forest Products Industry 
Off-gases by Biofiltration 

LDRD 5614 

W. A. Ape1 

Methanol vapors are a major air 
contaminant resulting from composite 
board manufacturing processes. In 
addition, methanol, regardless of 
source, represents the largest point 
source air pollutant in the world, with 
total emissions being in the range of 
143 million pounds per year. With the 
advent of Title 111, Clean Air Act 
Amendments of 1990, methanol is 
regulated as a hazardous air pollutant. 
Conventional methods for control of 
methanol vapors include technologies 
such as regenerative thermal oxida- 
tion and carbon sorption. While these 
technologies are reasonably effective, 
they are expensive. Biofiltration is an 
emerging technology that has the 
potential to effectively and economi- 
cally control methanol vapor emis- 
sions, with the primary end products 
being water and carbon dioxide. The 
purpose of this project was to evalu- 
ate the potential of developing a biofil- 
tration technology for this purpose, 
with special emphasis on controlling 
methanol emissions from forest product 
industry sources. Laboratory-scale, 
continuous-flow biofilters were con- 
structed and subjected to air streams 
containing various concentrations of 
methanol vapors. Microbes indige- 
nous to the wood waste bed medium 
used in the biofilters actively degraded 

the methanol vapors over an inlet 
concentration range varying between 
30 and 2,000 ppm(v). In much of test- 
ing, with an empty bed residence time 
of 2 minutes (equating to approxi- 
mately a 1 minute packed bed resi- 
dence time), removal was in excess of 
90%. This equates to an absolute 
removal rate of 25 g methanol per m3 
of bed per hour at an 850 ppm(v) inlet 
concentration. 

Objectives 

Evaluate rates of methanol 
physical sorption to biofilter 
bed media components. 

Evaluate bed ripening times. 

Determine methanol removal 
rates over a variety of 
methanol vapor concentrations. 

Evaluate effects of temperature 
on methanol biodegradation. 

Perform a preliminary econom- 
ical evaluation of methanol 
biofiltration in comparison 
with competitive conventional 
technologies. 

Accomplishments 

Continuous flow biofilters 
were constructed from glass 
process pipe. The biofilters were 
packed with a bed medium con- 
sisting of waste wood chips. 
Methanol vapors were delivered to 
the biofilters in a continuous air 
stream at an empty bed retention 
time of two minutes. This equates 
to a packed bed residence time of 
approximately one minute. 
Methanol concentrations in the 
inlet and outlet streams were mon- 
itored via gas chromatography. 

Adsorption experiments show 
that the bed medium's propensity 
for methanol adsorption depended 
on the moisture content of the bed. 
Methanol adsorption was higher 
when the bed was moist and lower 
when the bed was dry. Under nor- 
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mal operating conditions, the beds 
were saturated with methanol less 
than one hour after start up, so that 
methanol removal observed hours 
or days after startup was attribut- 
able to microbial degradation, not 
physical sorption. 

Initial experiments with the 
wood chip bed show that inocula- 
tion with nonindigenous microbes 
was unnecessary. After relatively 
short exposures to methanol 
streams, the organisms indigenous 
to wood chip bed medium 
removed methanol at high rates. 
This result was not especially sur- 
prising, since in the literature a 
variety of microbes have been 
shown to grow on methanol as a 
sole energy and carbon source. 

100% at inlet concentrations up to 
approximately 7.5 x 105 pg per m3 
of air (see the figure below). The 
probable operating range in the 
real world is 2.5 to 5.0 X 105 pg 
methanol per m3 of air. At concen- 
trations above 7.5 X 105 pg methanol 
per m3 air, removal efficiencies 
gradually fell. 

The volumetric productivity of 
methanol removal by the beds was 
linear over the entire range tested. 

Methanol removal approached 

At a methanol concentration of 
5 x 105 pg methanol per m3 air, the 
methanol removal rate was 12 g 
methanol per m3 of bed per hour. 
Extrapolation of these data show 
that methanol removal is viable at 
full scale with a reasonable sized 
biofilter . 

Final experiments evaluating 
the effects of temperature on 
methanol removal are in progress 
and will be completed by the end 
of the fiscal year. At this point it 
appears that methanol removal is 
feasible over the entire mesophilic 
range. Thermophilic removal is 
currently being investigated. 

biofiltration with regenerative 
thermal oxidation for methanol 
removal in composite board plants 
indicate that a plant of typical size 
can save approximately $2 million 
in capital costs and about $0.5 mil- 
lion per year in operating costs 
with biofiltration. 

Nao w Increased Technical Capabilities 
The INEL has expanded its 

biofiltration expertise into the 
biofiltration of methanol as a result 
of this project. This fills an impor- 
tant niche in our experience base, 

Economic estimates comparing 

n I I I I I 
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Methanol Removal Efficiency of Wood Waste Bed Medium 

since methanol is a major hazardous 
VOC released by numerous 
industries. 

Business Development Opportunities 
Much of the research per- 

formed as a part of this project was 
conducted in conjunction with 
Weyerhaeuser. We have also, over 
the last year, received work-for- 
others funding from Weyerhaeuser 
to conduct related research. At 
present, we are beginning to nego- 
tiate a CRADA with Weyerhaeuser 
to continue our collaborative 
research effort in this area. 

Using Nutrient-Diffusing 
Substrata to Conduct 

Rational Bioremediation 
LDRD 6503 

F. S. Colwell 

The purpose of this research was 
to develop and test an apparatus for 
evaluating the limiting nutrients for 
aquifer microorganisms that may be of 
potential use in biorernediation. The 
device serves as a nutrient-diffusing 
substrate. The idea is to place nutrient- 
diffusing substrata (NOS) in boreholes 
below the level of the wafer fable to 
leach microbial nutrients, with subse- 
quent colonization by microorganisms. 
Analysis of these attached microbial 
populations from the NDS can lead to 
information that will assist the infelli- 
gent addifion of nutrients needed to 
stimulate microorganisms capable of 
degrading organic contaminants or 
adsorbing metals and radionuclides. 
Potential benefits to the INEL include 
increased capabilities and competi- 
tiveness in the arena of bioremedia- 
tion and other in situ bioprocessing 
projects. There is potential for local 
and regional applications of NDS in 
remediation of groundwater that has 
been contaminated by industrial or 
agricultural chemicals or in remediat- 
ing acid mine drainage; however, the 
NDS technology has not yet been 
used in this manner. In a broader 
sense, any in situ bioprocessing, such 
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as in situ bioleaching or microbial 
enhanced oil recovery, stands to ben- 
efit from the technology. U S .  eco- 
nomic competitiveness may be bol- 
stered by using this tool to diagnose 
microbial nutrient deficiencies in 
groundwaters or soils. Bioremediation 
of hazardous waste is forecast to be a 
$1.5 billion industry by the year 2000 
(see Bioprocessing Technology, May 
7991, Vol. 5), an estimate based on 
the potential for bioremediation to 
address waste issues for which cur- 
rent technologies pose exorbitant 
costs, daunting technical challenges, 
or significant health risks. To effec- 
tively perform in situ bioremediation, it 
is necessary to sustain the essential 
introduced or indigenous microorgan- 
isms with the appropriate nutrients. 

Objectives 

Determine NDS effectiveness 
for predicting nutrient limita- 
tions in Hanford bioremediation 
with B. Peyton (Pacific North- 
west Laboratory) and R. Gillis 
(Montana State University) in 
comparative studies with con- 
ventional devices for biofilm 
attachment 

Determine the nutrient limita- 
tions of microbes that leach 
copper from chalcopyrite in 
collaboration with the US. 
Bureau of Mines and Cyprus 
Minerals, Inc. 

Complete commercial assess- 
ment of the NDS device with 
INEL Technology Transfer 
Group. 

Accomplishments 

In FY-95, an internal market 
analysis was conducted that deter- 
mined that approximately 100 NDS 
units per year could be used at 
approximately 200 sites per year 
within the United States. J. Billings 
of Billings and Associates, Inc. pro- 
vides a higher estimate of 1000 sites. 
It was also estimated that applica- 
tion of the device needed to be 
combined with other technologies 

that would be needed for the com- 
plete characterization of a waste 
site before in situ bioremediation is 
implemented. The estimates were 
based only upon bioremediation 
sites, and did not include sites that 
used other types of in situ biopro- 
cessing. It was determined that 
both a need and a suitable position 
existed that allowed pursuit of a 
patent. In May 1995, we filed a 
patent application on the NDS 
apparatus and all versions of a 
device that might allow the diag- 
nostic characterization of nutrient 
limitations in groundwaters. In 
July 1995, data from the NDS stud- 
ies were presented in a forum of 
DOE investigators from the Sub- 
surface Science Program. This rep- 
resented an opportunity for future 
studies to include consideration of 
use of the NDS system for deter- 
mining nutrient deficiencies in 
subsurface microbial communities. 

The other goals, namely (a) 
determination of nutrient limitation 
in subsurface microbial communities 
from Hanford and recommendation 
regarding nutrient supplements to 
enable bioremediation, (b) determi- 
nation of mining industry needs 
for in situ biomining diagnostic 
tests, and (c) determination of 
nutrient limitation in subsurface 
microbes at the Mineral Park Site, 
were not realized. This failure 
occurred because of an unpre- 
dictable loss of funding late in FY- 
95 connected with projects at both 
the Hanford and Mineral Park 
sites, which led to lost chances for 
in situ incubation of NDS devices 
at contaminated or mine sites. In 
both cases, the assumptions and 
prerequisites (access to samples 
and boreholes) that had been iden- 
tified in the original work plan as 
being potential limiting factors 
were at fault. The loss of these 
opportunities had nothing to do 
with the technology described in 
this report, but rather with the 
volatility of support of collabora- 
tors and potential collaborators. 

Once it was determined that these 
tasks were not going to be realized, 
a portion of the LDRD research 
funds were returned to the LDRD 
office. 

New or Increased Technical Capabilities 
This research is important 

because it represents the ability to 
define conditions under which 
aquifer microorganisms become 
non-limited through nutrient sup- 
plement, thus enabling such organ- 
isms to be used for in situ remedia- 
tion activities. Ultimately, the NDS 
device can be used to determine 
whether biological remediation is 
even feasible or whether other 
technologies are more reasonable. 
The INEL, other DOE sites, and 
industrial sites have organic and 
inorganic groundwater contami- 
nants that can be biologically 
degraded or biologically immobi- 
lized. The advantages of using 
microorganisms for in situ contam- 
inant degradation or immobiliza- 
tion are that 

Microorganisms can be highly 
specific for targeted wastes. 

Complete degradation of organic 
contaminants is possible, yield- 
ing nontoxic by-products of 
metabolism. 

Bioprocesses are less eqensive 
than conventional technologies. 

Direct contact of the microor- 
ganisms with the waste is pos- 
sible in remote locations of the 
subsurface. 

Further, it is known that 
microorganisms in many aquifers 
are under starvation conditions, 
yet the limiting nutrients are rarely 
understood. This is an important 
technology for defining the ecolog- 
ical constraints on subsurface 
microbial populations. In addition, 
this technology can be used in 
more basic research scenarios such 
as projects in the DOE Subsurface 
Science Program. We envision 
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applications in biohydrometallur- 
gical, agricultural, and enhanced 
oil recovery settings. The research 
contributes to a strength that the 
INEL exhibits in characterizing the 
biological, chemical, and physical 
features of terrestrial subsurface 
environments. 

Business Development Opportunities 
Several important business 

development opportunities exist as 
a result of this funding: 

A patent application is under 
consideration for this technolo- 
gy, which may serve to benefit 
the INEL. 

Collaborations have been 
established with B. Peyton 
(Pacific Northwest Laboratory) 
and one continues with R. Gillis 
(Montana State University). 
The three parties seek to test 
this device alongside other bio- 
logical coupons for determining 
microbial biofilms in subsur- 
face settings. A proposal, 
which will be co-authored by 
the three parties, is planned for 
submission to the new DOE 
Office of Health and Environ- 
mental Research In Situ Biore- 
mediation Program. 

Application of the device has 
been discussed with J. Billings 
(Billings and Associates, Inc.), 
who showed interest in possi- 
ble collaborations with the 
INEL in this and other remedi- 
ation technologies. Billings is 
also an important contact with 
regard to the licensing of new 
in situ remediation technologies. 

Data acquired through the use 
of the device was presented to 
F. Wobber (DOE-HQ, Office of 
Energy Research), and oppor- 
tunities for continued funding 
and development may exist 
through that route, especially 
with regard to possible remedi- 
ation alternatives at the Test 
Area North injection well. 

0 
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Technical contacts have been 
made with the Idaho Ground- 
water Protection Section, 
G. Johnson (hydrologist, Univer- 
sity of Idaho) and M. Odom 
from DuPont Inc., with which 
the INEL has a memorandum 
of agreement. 

Intermediate/Field-Scale 
Model for Predicting 
Microbial Transport 

LDRD 6701 

A. L. Schafer-Perini 

Laboratory studies have shown 
that microorganisms can be effectively 
used in porous media to transform 
and entrain contaminants. However, 
when applied at the field scale, the 
use of microorganisms for remediation 
has not been entirely successful. This 
is due in part to (a) our inability to pre- 
dict known processes in the subsur- 
face at an appropriate scale, and (b) 
an incomplete understanding of the 
physical processes controlling biologi- 
cal transport and transformation at a 
field scale. Both issues are related 
through space and time scales and 
their definition in the predictive model- 
ing context. The primary objectives of 
this project were to develop a method- 
ology for incorporating micrometer 
scale laboratory observations into the 
kilometer scale models necessary for 
predicting field-scale transport and 
transformation. 

opment and validation, an interdiscipli- 
nary study integrating laboratory 
observations of microbial movement 
through heterogeneous geochemical 
environments with a new predictive 
modeling approach was proposed. 
Observations of laboratory microscale 
behavior in porous media columns 
were to be incorporated into a predic- 
tive model using particle-grid tech- 
niques that will allow movement of 
appropriate scale representative ele- 
mentary volumes (REVS). The predic- 
tive model would use a decision-tree 
based logic in combination with 
Eulerian-Lagrangian techniques to 

To accomplish the model devel- 

simulate the microscale microbial-geo- 
chemical system as it is transported 
through the kilometer-scale hydrody- 
namic system. The predictive model 
was to be refined through hypotheses 
testing and prediction against known 
and observed microbial migration. 

Objectives 
Overall project objectives were 

to continue the development of a 
model to accurately simulate exist- 
ing, ongoing, and future biological 
transport and transformation 
experiments conducted by the Cen- 
ter for Biofilm Engineering (CBE), 
and funded through the NSF and 
CBE's Industrial Partners. INEL's 
contribution would be in the form 
of basic research for model devel- 
opment (FY-94), providing training 
in use of the model, and updating 
the model as additional laboratory 
results became available. Primary 
objectives for the FY-94 work 
included modifymg an existing 
three-dimensional particle-grid 
code to incorporate filtration, mul- 
ticomponent reactions, mass 
dependent permeability and poros- 
ity, and the effects of geochemical 
heterogeneity for application to 
existing laboratory results. FY-94 
modifications included addition of 
relative permeability-biomass 
curves, effective porosity-biomass 
relationships, heterogeneous reac- 
tivity for the inclusion of geochemi- 
cal reactions, inclusion of filtration, 
and the inclusion of multi-component 
reaction equations. 

FY-95 objectives included cali- 
bration of the model to laboratory 
data, and further modification of 
the code as necessary to match 
observed behavior. The specific 
tasks were defined as follows: 

Define laboratory experiments 
that can be used to test and 
quanbfy the relative permeability- 
porosity-filtration parameters 
for a specific contaminant- 
geochemical-hydrological 
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system. This system will consists 
of JP4 in a dean sand column. 

Calibrate the model against the 
laboratory data. 

Make modifications to the 
modeling approach to bring 
the model in line with the 
observed laboratory results. 

Accomplishments 

FY-95 Technical accomplish- 
ments included successful modifi- 
cation of the FY-94 conservative 
transport code to incorporate a ran- 
dom walk representation of the 
advective dispersion equation. In 
addition, a literature search was 
conducted to select a filtration 
model for simulating the filtration 
of colloidal sized particles in packed- 
bed systems. This was implement- 
ed but not tested. The transport 
code was then loosely coupled to a 
flow code to allow the interchange 
of data. This allows incorporation 
of relative permeability-biomass 
and porosity-biomass relationships 
to allow modification of hydraulic 
conductivity as a function of 
increasing biofilm thickness. Labo- 
ratory experiments were then 
defined for testinglquantdymg rel- 
k-phi-filtration parameters for 
JP4/TCE systems in conjunction 
with CBE (Task 1). The second and 
third tasks assumed that CBE 
would be able to run the experi- 
ments in FY-95. However, CBE's 
funding and scheduling did not 
allow the completion of those 
experiments. Therefore, Tasks 2 
and 3 will be postponed until the 
experiments can be rescheduled. 

New or Increased Technical Capabilities 
At this point, a model has been 

developed that will accurately 
simulate biological transport and 
transformation experiments and is 
ready for calibration to predict 
these interactions in the subsurface. 

Business Development Opportunities 
Commercialization of this type 

of code typically results in royal- 
ties, after validation and bench- 
marking, this code could be sold 
outright An additional and probably 
more lucrative long-term financial 
benefit could be realied through 
code application. Applications 
could for example include work on 
the TAN remedial action at the 
INEL, and in conjunction with the 
remedial action under design at the 
March AFB (an INEL ongoing 
activity) . 

Prompt Gamma Neutron 
Activation Analysis Methods 

Development for 
Waste Assay Applications 

LDRD 7907 

R. J. Gehrke 

The purpose of this LDRD was to 
develop on-line methods for the assay 
of hazardous and mixed low-level 
waste by prompt gamma neutron acti- 
vation analysis (PGNAA). The focus 
during FY-95 was the preincineration 
assay of Combustible low-level 
radioactive waste for chlorine, where 
the chlorine emissions at the incinera- 
tor are limited by €PA regulation to 
4 lb/h. Preincineration assay virtually 
eliminates the possibility of uninten- 
tional chlorine release above permit 
levels, by redirecting excessive 
amounts to other treatment and dis- 
posal options. 

Objectives 

Optimize the experimental 
configuration to provide high 
and relatively uniform sensi- 
tivity for the detection of 
chlorine regardless of its posi- 
tion in the combustible waste 
container. 

Demonstrate that assay can be 
performed on-line within an 

assay time compatible with an 
incineration rate of 6 boxes per 
hour and a sensitivity of 2 / 3  lb 
per box. 

Present the results of this study 
at the Annual Meeting of the 
American Nuclear Society held 
June 1995 in Philadelphia. 

Pursue a patent for the use of 
PGNAA for preincineration 
assay of combustible waste 
(Invention EGG-PI-768). 

Accomplishments 

To provide assurance that 
chlorine will not be released in 
quantities exceeding permit levels 
(4 lb/h), we developed a PGNAA 
method for the on-stream preincin- 
eration assay of low-level radioactive 
combustible waste for its chlorine 
content. The assay system we 
developed consists of three -5-pg252 
californium neutron sources locat- 
ed in a plane at strategic locations 
on each of three sides of the 60 X 
60 X 60-cm cardboard waste box to 
be assayed and incinerated. Locat- 
ed on the fourth side is either a 
germanium or a scintillation y-ray 
spectrometer to detect the activated 
prompt 'y-rays from chlorine. To 
provide a complete assay of a 
waste box, counts are recorded at 
three positions along the length of 
the box, each with equal count 
times. Each of the three spectral 
counts can be analyzed separately 
or simply combined into one aver- 
aged spectrum. By taking three 
counts at equidistant positions 
along the length of the box, a rea- 
sonable averaged estimate of the 
chlorine content is obtained. 

To determine the sensitivity 
and its uniformity over the assay 
volume, we took measurements of 
a surrogate combustible waste box 
containing rolls of paper towels 
arranged in a 5 X 5 cross-sectional 
matrix. Approximately 55 rolls of 
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paper towels were used to fill the 
entire box (it was necessary to cut 
some of the rolls). This matrix 
arrangement approximates the 
material and density of real waste 
and simplified positioning of a 
sample polyvinyl chloride (PVC) 
plastic rod. We placed a PVC rod, 
12.7 cm in diameter, 20 cm in 
length, and with a mass of 3800 g, 
at the same depth in each of the 25 
matrix positions by removing a roll 
of paper towel and replacing it 
with the plastic rod. With this 
arrangement, we acquired prompt 
capture y-ray spectra for 1000 s 
using a germanium spectrometer. 
The results from these measure- 
ment for the 1165 keV chlorine cap- 
ture Tray indicated that a relative 
sensitivity within a factor of three 
could be achieved irrespective of 
the location of the PVC rod in the 
box. The absolute sensitivity was 
sufficient to meet emission limits of 
4 lb chlorine per hour in an inciner- 
ator burning four boxes per hour. 
It should be noted that the relative 
sensitivity can be made more uni- 
form at some loss of sensitivity by 
moving the germanium detector 
back a few cm. Under these condi- 
tions, the sensitivity may not vary 
more than a factor of two over the 
entire assay volume of the box. 
The lower limit-of-detection is esti- 
mated to be 33 g of PVC. 

The use of 252californium 
source with higher activities is 
being considered in order to 
reduce the count time for assay of 
the entire box, so that 6 boxes can 
be assayed per hour. 

We submitted a patent idea 
record to patent the use of PGNAA 
for preincineration assay of com- 
bustible waste (Invention EGG-PI- 
768). The company declined to 
pursue a patent at this time. The 
results of this investigation were 
presented at the Annual Meeting of 
the American Nuclear Society; the 
paper was published in the trans- 
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actions of the meeting (R. J. Gehrke, 
R. J. Pawelko, R. C. Greenwood, 
1995, Application of PGNAA to 
Preincineration Assay of Com- 
bustible Waste for Chlorine, ANS 
Transactions 72, 117). 

New m Increased Technical Capabilities 
As a result of this study, it is 

clear that on-stream assay of waste 
by PGNAA can be performed in an 
efficient and accurate manner. 
Further, by strategic placement of 
the neutron sources and the detec- 
tors, it is possible to achieve rela- 
tively uniform sensitivity over the 
assay volume. This experience will 
be of great help in a new Mixed 
Waste Focus Area Technical Task 
Plan for the assay of containerized 
waste. 

Business Development Opportunities 
External individuals and com- 

panies following the developments 
of this LDRD include Don Stein- 
man of Martin Marietta Specialties 
Components, and David Weigel of 
SEG (Scientific Ecology Group). 

Real-Time Asbestos Analysis 
by Raman Spectroscopy 

LDRD 81 04 

J. C. lngram 

Contamination of asbestos repre- 
sents a significant decontamination 
and decommissioning (D&D) problem 
for most DOE sites, including the 
INEL. Currently, determination of 
asbestos in asbestos-containing mate- 
rial relies on collecting samples of the 
material in question, sending the sam- 
ples to an off-site laboratory, and 
analysis of the material using polar- 
ized light microscopy. This type of 
approach is time consuming and 
expensive. The objective of this pro- 
gram was to investigate the use of 
Raman spectroscopy for detection of 
asbestos in real world samples. The 
proposed approach was to use a 

fiber-optic-based Raman spectrometer 
for on-site asbestos detection. Two 
investigative approaches were taken 
in these proof-of-principle studies: (a) 
optimization of the instrumentation for 
asbestos detection using a laboratory- 
based spectrometer with fiber optic 
attachments, and (b) application of dif- 
ference spectroscopy to minimize 
background interferences. The results 
of this work indicate that asbestos 
detection by Raman spectroscopy is 
severely hampered by the combina- 
tion of weak Raman signal from the 
asbestos and strong interferences 
from background materials (building 
and construction materials). Based on 
these results, we concluded that on- 
site asbestos detection by Raman 
spectroscopy is not feasible at the 
present time. However, with the 
increasing developments in chemo- 
metrics, we suggest that the use of 
Raman spectroscopy be revisited in 
the near future in combination with 
multicomponent analysis andor neural 
networks in order to overcome the dif- 
ficulties identified by the present work. 

0 bjectives 

Analyze Raman asbestos by 
itself using a fiber-optic-based 
Raman spectrometer. 

Analyze Raman interferant 
materials. 

Analyze Raman model mixed 
samples, asbestos and interfer- 
ant materials. 

Analyze Raman real world 
samples. 

Analyze scoping asbestos and 
interferants using a fiber- 
optic-based infrared spectrom- 
eter. (This task was not per- 
formed, because the instrument 
that was to be used was not 
available.) 

Accomplishments 

order to determine the feasibility of 
Raman spectroscopy for onsite 
asbestos detection. The first 

Two approaches were taken in 
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approach involved the optimiza- 
tion of instrumentation and was 
performed at the INEL using two 
different Raman spectrometers. 
The second approach involved the 
development of difference spec- 
troscopy and was performed at the 
University of Arizona. These 
approaches are discussed below. 

Approach 1. Initial work was 
performed using a commercially 
available fiber-optic-based Raman 
spectrometer (RAMAN ONE, 
Chromex). This instrument is very 
rugged, as it contains an air-cooled 
detector and a robust laser. It also 
has fairly low sensitivity, which 
translates to the need for strong 
Raman signal in order to achieve 
detection with this instrument. 
Consequently, Raman analyses of 
the standard asbestos samples with 
this instrument were unsuccessful 
due to their weak Raman signal. 

In the next set of experiments, 
we equipped an existing research 
Raman spectrometer with a highly 
sensitive, liquid-nitrogen-chilled 
detector and superior optics with a 
fiber optic sampling assembly. The 
premise for these experiments was 
to construct a fiber-optic-based 
Raman instrument with a premium 
detector and optics with which to 
detect asbestos. Upon establishing 
detection parameters, a more 
rugged design would be proposed. 
We found, however, that asbestos 
detection using the premium fiber- 
optic-based Raman instrument was 
difficult in the case of analyses of 
standard materials, and that 
asbestos was undetectable for 
mixed samples. 

Approach 2. The objective of 
using difference spectroscopy was 
to overcome the problem of inter- 
ference from the building and con- 
struction materials typically associ- 
ated with asbestos-containing 
materials. We hoped that by tak- 
ing a difference spectrum between 
the Raman spectra of the interfer- 

ant material and the asbestos/ 
interferant mixed materials, detec- 
tion of the asbestos could be 
achieved. However, we found that 
the asbestos signal was concealed 
in the interference signal and could 
not be successfully extracted at 
asbestos contents less than 20%. 
Even at asbestos contents in excess 
of 20%, detection of asbestos was 
very difficult. 

The combination of the results 
from the two different approaches 
led us to the conclusion that the 
use of Raman spectroscopy for on- 
site asbestos detection is not feasi- 
ble at the present time. We suggest 
that as chemometric methods for 
data processing develop, the use of 
Raman spectroscopy in combination 
with some type of multicomponent 
analysis be examined for asbestos 
detection. 

New or Increased Technical Capabilities 
New technical capability at the 

INEL as a result of this project was 
the acquisition of the fiber optic 
sampling assembly. Previous to 
this project, the laboratory Raman 
system was limited to sampling 
through a microscope. The fiber 
optic sampling assembly offers the 
capability of performing a number 
of analyses, including gas-phase, 
in-situ reactions, and heat sensitive 
materials. Additionally, the analy- 
sis of asbestos and other related sil- 
icate materials by Raman spec- 
troscopy broadened the technical 
expertise of the INEL staff in both 
handling these types of materials 
and in the spectral interpretation. 

Business Development wortuni t ies  

Spectral Instruments concerning 
the production of an instrument; 
however, no further discussions 
were warranted. 

Initial contacts were made with 

Rapid Agrochemical 
Sensor 
LDRD 81 06 

J. C. lngram 

Challenges in development of 
new methods for pesticide analysis 
include complex sample matrices, the 
presence of multiple pesticides, low 
volatilities and/or highly polar mole- 
cules. In many cases, the critical step 
in these analysis methods is extrac- 
tion of the analyte of interest and/or 
sample cleanup before analyses, 
which is particularly problematic for 
solid samples. Direct surface analysis 
of the sample offers a means for 
streamlining pesticide analysis by min- 
imizing the sample preparation step 
(including extraction of the analyte). 
Secondary mass ion spectrometry 
(SIMS) instrumentation developed at 
the INEL is demonstrating tremendous 
potential in this area through its ability 
to detect and identify chemicals of 
various types on environmental sam- 
ples, including vegetation, soil and 
rocks, stainless steel, glass, etc. We 
performed a scoping study to evaluate 
the applicability of SIMS to detection 
of agrochemicals on various sample 
types. The study consisted of a 
matrix of 20 agrochemicals on four 
substrates, analyzed using a SIMS 
instrument with single-stage mass 
spectrometry capability. This instru- 
ment detected 16 of the 20 pesticides 
on all four substrates. 

Objectives 

Select agrochemicals and sam- 
ple types for SWIS detectability 
study. 

Conduct SIMS detectability 
study of agrochemicals on 
various samples. 

study. 

requirements needed to develop 

Evaluate SIMS detectability 

Define instrumentation 
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a field-portable instrument of 
reasonable cost. 

Establish collaborations with 
members of the agrochemical 
community. 

Accomplishments 

A summary of the results of 
the static SIMS analyses of the pes- 
ticides on the four samples are pre- 
sented in Table 1. The table lists 
the 20 pesticides and the four sam- 
ple materials tested. The results of 
this scoping study indicate that 16 
of 20 of the pesticides tested were 
positively detected in varying 
degrees on at least three of the four 

sample types by direct analysis of 
the sample surface using static 
SIMS. Of the 80 different pesti- 
cide/sample combinations (20 pes- 
ticides x 4 sample types), 46% of 
the combinations gave strong 
detection. These results are attrib- 
uted to the fact that many of the 
pesticides have one or more of the 
following properties: (a) polar, @) 
nonvolatile, and (c) easily ionized. 
Of the four pesticides that were 
considered difficult to detect by 
static SIMS, only one of them, tri- 
fluralin, was not detected on any of 
the samples. This result was not 
surprising, as previous analyses of 
nitro-organic compounds (like tri- 

Table 1 
Summary of Pesticide Detection Results 

Pesticide Dandelion Grass Soil Stainless Steal 

Alachlor not detected not detected not detected weak 
(cation) 

Atrazine strong strong strong strong 
(cation) (cation) (cation) (cation) 

Captan not detected not detected not detected weak 
(cation & anion) 

Carbofuran strong strong medium strong 
(cation 8 anion) (cation & anion) (cation & anion) (cation & anion) 

Chlorpyrifos medium weak weak medium 
(cation & anion) (anion) (cation & anion) (cation & anion) 

Chlorsulfuron strong strong weak strong 
(cation & anion) (cation & anion) (cation) (cation & anion) 

Chlorthal- medium medium medium strong 
Dimethyl (cation & anion) (cation & anion) (cation) (cation & anion) 
Cypermethrin medium medium medium strong 

(cation & anion) (cation & anion) (cation) (cation & anion) 
2,4-D strong strong weak strong 

(cation & anion) (cation & anion) (cation & anion) (cation & anion) 
Diuron strong strong weak strong 

(cation & anion) (cation & anion) (cation) (cation & anion) 
Glyphosate strong medium weak strong 

(anion) (anion) (anion) (cation & anion) 
Malathion strong strong strong strong 

(anion) (anion) (anion) (anion) 
Methomyl strong strong medium strong 

(cation & anion) (cation & anion) (cation) (cation & anion) 
Methyl arsonic medium medium weak strong 
acid (cation & anion) (cation & anion) (cation & anion) (cation & anion) 
Mocap not detected not detected weak not detected 

Norflurazon strong medium medium strong 
(cation & anion) (cation & anion) (cation) (cation & anion) 

Osyfluorfen strong strong strong strong 
(cation) (anion) (anion) (cation & anion) (cation & anion) 
Paraquat strong strong strong strong 

(cation) (cation) (cation) (cation) 
Temek weak weak medium medium 

(cation & anion) (cation & anion) (cation) (cation & anion) 
Trifluralin not detected not detected not detected not detected 

(cation) 
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fluralin) in this laboratory indicate 
that this class of compounds is dif- 
ficult to detect by static SIMS. 

Also listed in table is the type 
of ion (cation/anion) used for 
detection of the pesticides. In 60% 
of the pesticide/sample combina- 
tions detected by static SIMS, both 
cations and anions were used for 
identification. Detection in the rest 
of the combinations was divided 
such that in 25% of the cases only 
cations used for identification and 
in 15% of the cases only anions 
were used for identification. The 
ability to collect both the cation 
and anion spectra in a nearly 
simultaneous manner, as was per- 
formed in this study, is advanta- 
geous in providing sufficient infor- 
mation for detection. 

Although not specifically 
investigated, the results of this 
study also demonstrate the power 
of SIMS for probing the surface 
chemistry of the pesticides on the 
sample. In comparing SIMS results 
from the four sample types, some 
trends were observed. SIMS detec- 
tion of pesticides adsorbed on the 
stainless steel is, in most cases, the 
most facile. We believe that this is 
due in part to the lower surface 
area of the stainless steel compared 
to the other samples, and the fact 
that the absorption of the pesti- 
cides into the stainless steel, which 
constitutes a loss, is minimal com- 
pared to the other sample types. A 
second trend observed is the simi- 
larity in SIMS spectra acquired 
from the dandelion leaves, the 
grass, and the stainless steel. In 
the case of the data collected from 
the soil, only 2 of the 20 pesticides 
used anions only for detection; for 
10 of the 20 pesticides adsorbed at 
soil, cations only were used for 
detection. These results are in con- 
trast to the other three sample 
types, in which only 2 of the 20 
pesticides required cations only for 
detection. This phenomenon is 
explained in part by the enhanced 
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ability of the soil to protonate the 
pesticides as compared to the other 
sample types studied. 

One of the project tasks was to 
define instrumentation require- 
ments to develop a field portable 
unit. Mass spectrometry instru- 
mentation is advancing at a high 
rate, particularly in the field of ion 
trap mass spectrometers, which is 
the type of mass spectrometer best 
suited for this work. Benchtop sys- 
tems currently cost approximately 
$80,000, and are available from 
several commercial vendors. We 
are working with one vendor 
(Teledyne) to ensure that SIMS 
capabilities can be easily added as 
an option to their commercial 
instruments. Teledyne is also 
developing a new system that is 
designed to be field portable; thus, 
we envision that SIMS will be a 
viable option for performing field 
measurements. 

New or increased Technical Capabilities 
Increased technical capability 

at the INEL as a result of this pro- 
ject was the broadening of the tech- 
nical expertise of the INEL staff 
both in handling these types of 
materials and in spectral interpre- 
tation. Since agrochemicals are 
present in so many environmental 
samples, the information gleaned 
from this program strengthens the 
efforts of other programs involving 
characterization of environmental 
samples. Additionally, contacts 
were established with Idaho exten- 
sion agents for future collaborations. 

Business Development Opportunities 
Presently, no new business 

developments were initiated as a 
result of this particular program, 
although other developments have 
been established related to the 
SIMS work at the INEL. Outside 
funding for further work toward 
application of SIMS technology to 
detection of agrochemicals is being 
pursued. 

In Situ Biodegradation 
of High-Energy Materials 

LDRD a403 

F. F. Roberto 

The INEL and other DOE sites 
have explosives-contaminated areas 
ranging in size from small to extensive 
resulting from military ordnance test- 
ing and disposal (World War 11-era), 
and they produce and dispose of 
explosives resulting from DOE DP- 
related missions. On the other hand, 
the Department of Defense, particularly 
the U.S. Army and its ordnance and 
munitions contractors, have a signifi- 
cant and expensive problem in the 
remediation of production facilities, 
proving grounds, arsenals, firing 
ranges, bombing ranges, and disposal 
facilities. In Europe and the Middle 
East, our allies continue to face long- 
standing problems resulting from mili- 
tary operations dating back as far as 
World War I ,  and face more contem- 
porary actions, such as the Gulf War. 
The research and development 
encompassed within this project will 
result in the establishment of econom- 
ical and efficient bioremediation 
strategies for dealing with the large 
volumes of soil and water contaminat- 
ed with high explosives (HE), and with 
industrial process water containing 
potentially explosive nitroaromatics. 

Objectives 
Expand microbial screening 
efforts to include Dupont pro- 
prietary microorganisms. 

Initiate screen for anaerobic 
bacteria capable of reducing 
ammonium nitrate levels pre- 
sent in Dupont industrial 
waste stream (contains about 
40,000 ppm ammonium 
nitrate). Note that this effort 
was determined to be unneces- 
sary after discussions with 
DuPont industrial process 
engineers, who indicated that 
ammonia concentrations can be 
reduced through process modi- 
fications. 

Continue mechanistic studies 
with Dupont microbes (at 
Dupont) for strain and process 
improvement. Note that 
owing to delays in obtaining 
full funding authorization 
(February 1995), DuPont opted 
to have INEL expand bio- 
process development work at 
INEL instead. 

Expand bioprocess design and 
development work beyond 
logic diagram stage achieved 
in FY-94. 

Perform bench-scale experi- 
ment with INEL HE-contami- 
nated materials to explore 
performance of biodegradation 
with chunk HE and amended 
soils. 

The technical effort in FY-95 
focused on establishing an immobi- 
lized cell bioreactor to treat 
nitroaromatic-contaminated aque- 
ous waste streams. In W-94, a 
suite of microorganisms were iden- 
tified from explosives-contaminated 
soils at the INEL, and through an 
memorandum of understanding 
with DuPont, access to additional 
microbes with demonstrated 
capacity to degrade the nitroaro- 
matic, picric acid, was obtained. 

Batch studies had demonstrat- 
ed complete biodegradation of 
picric acid at concentrations up to 
150 mg/L. Our primary goal was 
to increase available biocatalyst 
through the immobilization of cells 
to appropriate biocarriers. This 
was accomplished through growth 
of biomass in a picric acid contain- 
ing medium, followed by passage 
of the aqueous cell suspensions 
through a column containing suit- 
able biocarriers. 

tor was studied with an influent 
picrate concentration of 300 ppm. 
Through the course of the year, the 
level of influent picrate was gradu- 
ally ramped up to 1000 ppm (Sep- 

Initial operation of the bioreac- 
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tember 1995). With a residence 
time of about 24 hours, virtually all 
influent nitroaromatic is destroyed 
(see the figure). Analysis of efflu- 
ents reveals that depending on the 
nature of the medium, byproducts 
indicative of alternative degrada- 
tive metabolic pathways can be 
detected, indicating that medium 
composition is critical to optimal 
performance of the bioreactor. 

were performed to examine the 
capacity of selected organisms to 
degrade TNT in soils. We have 
been able to demonstrate up to 
40% degradation of this com- 
pound, but further studies have 
been hampered by problems in 
obtaining additional contaminated 
soil from the Site. 

New or Increased Technical Capabilities 
Explosives- or ordnance- 

contaminated soils and groundwater 
have been described as the single 
largest environmental problem facing 
the Department of Defense. Owing 
to the large geographic areas that 
potentially must be remediated, 
biotechnologies have received sub- 
stantial attention by DOD, EPA, 
states, and private industry interested 

Small-scale bench experiments 
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in attacking this problem. Three 
biotechnologies have now been 
demonstrated at pilot scale and 
accepted by the EPA for use in the 
remediation of TNT-contaminated 
soils. The INEL has a number of 
locations contaminated with explo- 
sives and ordnance. A unique 
aspect of the INEL problem is the 
presence of large chunks of explo- 
sive. These chunks pose a serious 
hazard for handling of these soils, 
and a challenge for the existing 
biotechnologies. INEL development 
of a bioprocess to deal with these 
soils will establish leadership in 
dealing with this particular problem. 

Business Development Opportunities 
A memorandum of under- 

standing has existed since 1994 
with DuPont, and this project has 
been one of several in which INEL 
and DuPont scientists have worked 
cooperatively to use INEL capabili- 
ties. In FY-95, %OK of project 
funds were to support a postgrad- 
uate researcher resident at DuPont. 
However, delays in obtaining full 
funding authorization from Lock- 
heed Idaho management resulted 
in that $40K being redirected to 
support that work at INEL. At 

I I I I I I I I 
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Dynamics of Picrate and Dinitrophenol Detected in Immobilized 
Cell Bioreactor Effluent upon Pulsing with 700 pprn Picric Acid 

present, given the promising 
results emanating from the project, 
DuPont researchers are making 
numerous inquiries as to specific 
details of the INEL bioprocess. 
This may be an opportune time to 
request that DuPont indicate their 
continued interest by direct fund- 
ing of part of this work. 

Rapid Laser Assay of 
Sutface Contamination 
during Decontamination 
and Decommissioning 

RDRD 8409 

T. E. Repetti, J. R. Fincke 

The deactivation and decommis- 
sioning of surplus facilities that contain 
radionuclide, hazardous, mixed, and 
special contaminants requires near 
real-time field characterization of cont- 
amination on concrete and metal 
building surfaces, soils adjacent to 
those buildings, and equipment such 
as glove boxes and other process 
hardware contained within. Rapid 
assay techniques, conducted in situ 
and in real time, would greatly facili- 
tate both the initial survey and remedi- 
ation phases of facility deactivation 
and decommissioning. This project 
will demonstrate that the proven tech- 
nique of Laser Induced Breakdown 
Spectroscopy (LIBS) can meet the 
requirement for a real-time onsite, in 
situ, rapid assay of hazardous conta- 
mination during the deactivation and 
decommissioning of facilities. This 
technique is capable of identifying the 
presence of and quantifying Resource 
Conservation and Recovery Act 
(RCRA) metals, radionuclides that are 
difficult to identify because of their low 
rate of decay, and it can also be used 
ato identify the presence of solvents 
containing fluorine or chlorine. 
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Objectives 
Demonstrate that the proven 
technique of LIBS can meet 
requirements for real-time in 
situ rapid assay of hazardous 
contamination for decontami- 
nation and decommissioning 
of facilities. 

Develop a database of LIBS 
identification lines for RCRA 
metals, Uranium, Plutonium, 
lead-based paint, and solvents 
containing fluorine and chlo- 
rine. Substrates include stain- 
less steel, carbon steel, con- 
crete, and soil. 

Accomplishments 
A database of LIBS identifica- 

of data taken during Preliminary 
scoping studies in FY-94. One 
hundred forty good LIBS lines 
were identified from nine elements 
(aluminum, cadmium, cerium, 
chromium, copper, iron, mercury, 
lead, and uranium) on various sub- 
strates. These lines were compared 
to analytical identification lines 
reported in many sources in the 
LIBS and Inductively Coupled 
Plasma - Atomic Emission Spec- 
troscopy (ICP-AES) literature, with 
varying degrees of overlap. This is 
not surprising considering that the 

atoms in different ways. 
Preliminary contact was made 

with Atomic Engineering Corpora- 
tion (AEC) of Gaithersburg, MD, 
which has developed a product 
called Multi-spectral Chemical 
Characterization System (MCCS) 
for automated identification of ele- 
ments. MCCS is a computer data- 
base and spectral line identification 
system that can be hooked up to a 
customer's spectroscopy system to 
acquire and analyze spectroscopic 
data gathered by that system. An 
LIBS database would be a natural 
add-on to the MCCS product. 

tion lines was begun with analysis intermediate (10-m) dis&ces. 
These accomplishments were to be 
milestones of this LDRD during 
FY-96 (next year). For these rea- 
sons, further work on this LDRD 
was halted and roughly $35K of 
funds was returned to the h d i n g  
Source via CCB. 

New OY Increased Technical Capabilities 
We have demonstrated the 

ability to perform LIBS experi- 
ments at the INEL and understand 
the basic issues involved in analyz- 
ing the data, 

LIBS and ICP-AES processes excite B24siness Development modun i t i e s  
The primary intellectual prop- 

erties to be developed from this 
project were the portable LIBS ana- 
lyzer itself and the LIBS database. 
With a two-year lag in develop- 
ment time, it is doubtful that INEL 
could develop a portable LIBS ana- 
lyzer to compete with LANL sys- 
tems already in use. LANL has 
also developed an LIBS spectral 
line database and is proceeding 
with plans to market it in conjunc- 
tion with AEC's MCCS system. 
Overcoming LANL's long lead 
time in this research would not be 
cost-effective. 

Work on this LDRD was halted 
after midyear when it became 
apparent that researchers at Los 
Alamos National Laboratory 
(LANL) have also been pursuing 
this research and have roughly a 2- 
year head start (Photonics Spectra, 
December 1994, page 50). The pri- 
mary point of contact at LANL is 
Dr. David Cremers (Group CST-1); 
discussions with Dr. Cremers indi- 
cated that LANL has already 
developed several systems, includ- 
ing a field-portable LIBS device 
and LIBS database, and has begun 
discussion with the AEC on inte- 
grating their LIBS database into a 
commercial system. In addition, 
LANL is pursuing a patent on 
remote standoff soil analvsis from 
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Measuring the Component 
Ratio in OilMlaterlGas 

Mixtures and Determining 
Flow Regime 

LDRD 8414 

J. R. Fincke 

Measurements of the individual 
flow rates of oil, gas, and water from 
individual wells in a field are required 
to develop reservoir management 
strategies for optimization of total pro- 
ductions over the life of the field. The 
conventional method involves massive 
equipment and is costly. Because of 
the potential savings and increased 
production, oil companies are begin- 
ning to address the issues of measur- 
ing multiphase flow at the well head. 

Objectives 

The final objective is the 
design, construction, and charac- 
terization of a rugged, accurate 
device for metering high void frac- 
tion (95%) oil-gas-water flows in 
the gas field production environ- 
ment. 

Accomplishments 

A flow section and flow sens- 
ing device (see the figure on page 
64) were designed, constructed, 
and characterized. A specially 
designed venturi tube was 
required which allows the flow 
measurement of the predominant 
gas phase, which contains 
entrained particles. Pressure drop 
measurements are made between 
the upstream entrance and the exit 
of the extended throat, and 
between the extended throat exit 
and the exit of the diffuser section. 
The primary parameters that govern 
high void fraction gas-liquid flows 
were determined. These allow the 
mass flow rates of each phase of 
the gas and liquid mixture to be 
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determined. Calibration was 
accomplished by characterizing the 
pressure drop delta-P1 versus pres- 
sure rise delta-P2 through the 
device for gas flow alone, and for 
the expected range of loading 
ratios. 

Nao or Increased Technical Capabilities 

The INEL has had expertise in 
liquid gas hydrodynamics over 
many years. This extension to a 
specific and valuable measurement 
technique increases the value of the 
INEL through the contribution of 
hydrodynamic sensing devices in 
the petroleum and natural gas 
industry. 

Business Development Opportunities 

This project has received both 
interest and monetary support 
($20K) from CONOCO because of 
their interest and belief that this 
gas-liquid flow measurement system 
will be of value. They have stated 
that they are willing to cooperate 
with this INEL project in the devel- 
opment phase with another $100K. 
If this sensor device behaves as 
expected, it will represent a valu- 

National Integrated Environmental Management 

able contribution to many aspects 
of oil production and refining. 

Polyethylene Sulfur 
Cement: Feasibility as a 

Waste Encapsulation Material 
for Low-Level and Mixed Wastes 

LDRD 8509 

A. W. Erickson, M. H. O’Brien 

This project is determining the 
feasibility of substituting low-cost recy- 
cled low-density polyethylene (LDPE) 
for the polymer phase in sulfur poly- 
mer cement (SPC). Polymers must 
be added to sulfur to accommodate 
the destructive crystallographic trans- 
form that occurs when sulfur solidifies 
after melting. The primary benefit of 
this substitution is to use LDPE, which 
accounts for a large percentage of 
unrecycled plastic and takes up valu- 
able land fill space, and turn it into an 
inexpensive waste form. The LDPE is 
combined with inexpensive sulfur, 
often an industrial byproduct and low- 
level mixed waste or toxic metal waste 
such as fly ash. The mixture is stirred 
and heated to 150°C and, upon thor- 
ough mixing, becomes a thermoplastic 
waste encapsulation material called 
PES (polyethylene sulfur), which is 
similar to SPC. 

Objectives 
Examine the microstructure of 
PES using sublimation tech- 
niques and the SEM (scanning 
electron microscope). 

criteria with tests that are likely 
to become the basis for low- 
level and mixed waste form 
acceptance. 

Use waste form performance 

The material test matrix con- 
tains LDPE with different melt 
viscosities and likely contami- 
nants such as other recycled 
plastics, dyes, coatings, and 
plasticizers. 

Accomplishments 

observed. PES is primarily a 
composite material consisting of 
polyethylene filaments that ball up 
as the sulfur is sublimed away. 
This is quite different from the 
dicyclopentadiene and cyclopenta- 
diene oligimers used in SPC which 
chemically react with the sulfur 
rings to stabilize the material. 

ods outlined in the Proposed 
Waste Form Performance Criteria 
and Testing Methods for Low 
Level Mixed Waste. PES and SPC 
were tested simultaneously in a 
two-tier format where waste form 
material must first pass two leacha- 
bility tests and then pass several 
more tests for integrity under 
stress. The toxicity characteristic 
leaching procedure (TCLP) and all 
other testing were performed on 
40% ash waste loaded SPC and 
PES, both of which contained 5% 
polymer. The PES had small 
amounts of high-density polyeth- 
lene (HDPE), polyvinyl chloride 
(PVC), polypropylene (PP), and 
Polystyrene (PS). Results of the 
TCLP testing awaits ICP chemical 
analysis. The other leachability 
test is the Accelerated Leach Test 
(ALT). Two ALT tests were per- 
formed at different temperatures 
with the PES samples containing 
all of the above mentioned plastics. 
The leaching of cerium, cobalt, 
cesium, lead and strontium 
revealed that SPC was superior in 
this test. Two of the integrity 
under stress tests where per- 
formed. 

showed SPC averaged 9956 psi 
with an acceptable standard devia- 
tion. The PES with all contami- 
nants averaged 5,541 psi with a 
large standard deviation. The vari- 
ation in strength of the PES seems 
to be related to the calculated den- 
sity. NRC requires that this type of 
waste form be able to withstand 
500 psi. A stability in water or 90- 

The microstructure of PES was 

Testing of PES followed meth- 

Compressive Strength Testing 
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day immersion and compression 
test should be finished in early 
October. This test has sample 
groups of each plastic contaminant 
and measurements taken on the 
submersed samples show all less 
than the 3% dimensional change or 
show no spalling off of materials 
that would indicate failure. Com- 
pression testing of submersed sam- 
ples compared to nonsubmersed 
compression testing must be no 
less than 75% of the regular com- 
pression test samples on the Octo- 
ber deadline. 

New or Increased Technical Capabilities 
Using the new performance 

criteria has shown that at the pre- 
vious test methods are irrelevant or 
there are problems in previous 
methods. The ALT has been per- 
formed for the first time at the 
INJZL and results will be of value 
to the people studying SPC. This 
year's results will hopefully be sig- 
nificant enough that the IPC (intel- 
lectual properties committee) will 
go ahead with a patent either by 
Lockheed Idaho or DOE-ID. 

Business Development Opportunities 
The only business contact that 

was made was with a regional 
recycling consortium in an attempt 
to obtain information for an eco- 
nomic study. 

In-field Assay for Parts per 
Million Levels of Chromium in 

Environmental Media 
LDRD 8514 

K. D. Watts, R. J. Gehrke 

Using a 0.38-mCi 59Ni excitation 
source, an energy dispersive x-ray flu- 
orescence (EDRXF) spectrometer for 
the analysis of low levels of chromium 
contamination in soils was developed 
and tested. Chromium concentrations 
of - 10 ppm were detectable in 1,000- 
second counts using a 3O-md Si(Li) 

Spectrometer. This represents a fac- 
tor of 10 improvement over currently 
available commercial fechnology. By 
developing this spectrometer system 
for in-field use, a new level of control 
can be maintained at remediation 
sites where metals have been intro- 
duced into the soil from industrial 
processes. 

Objectives 
Develop an in-field X-ray fluo- 
rescence spectrometer, using a 
Ni-59 radioisotopic source, 
capable of analyzing Chromium 
(Cr) at pprn levels in environ- 
mental media. 

This spectrometer employs a 
59Ni excitation source, an 
excellent source for the excita- 
tion of elements below iron 
(Z<26) in the periodic table. 
59Ni emits cobalt K x-rays (Ka 
= 6.92 keV and Kb = 7.65 keV) 
from the 100% electron capture 
decay to the ground state of 
59Co. These x rays lie only 
1 keV above the 5.988 keV Kabs 
energy of chromium so that 
they have a large fluorescence 
probability for Cr. 

The associated analysis pro- 
gram, modified from existing 
programs, measures the inten- 
sity of the x-ray peaks and con- 
vert this to a quantitative con- 
centration in ppm. The quan- 
tity of Cr as measured by the 
spectrometer is printed auto- 
matically after the analysis is 
complete. 

Modify the shielding mecha- 
nism and software of a Gamma 
Products sample changer for 
use with a 59Ni x-ray fluores- 
cence spectrometer. 

This modification allows up to 
45 samples to be counted con- 
secutively and with no operator 
interference (automatically). 
The final adjustment will be 
complete when a detector with 

the correct cryohead configura- 
tion is obtained and placed in 
the changer. 

review and publication. 

K. D. Watts and R. J. Gehrke, 
EDXRF Measurement of PPM 
Concentration Levels of 
Chromium in Soil Using 59Ni, 
Submitted to Radioactivity b 
Radiochemistry, September 1995. 

Submit paper for refereed 

Accomplishments 
In this study, the electroplated 

59Ni excitation source was used 
with a 30-mm2 x 3-mm-thick low- 
energy Si(Li) spectrometer to assay 
chromium contaminated soil by 
EDXRF. Several 11-gram samples 
of soil, each dried and sieved, were 
spiked with known amounts of 
chromium, covering a range of 
concentrations from 10 to 1,017 
ppm. XRF spectra of these samples 
were acquired for 1,000 seconds 
(live time). The scaling factors 
obtained in the linear-least-squares 
fit (i.e., the factor with which the 
Cr component spectrum was multi- 
plied to fit the sample spectrum) 
were used to develop a calibration 
curve as a function of chromium 
concentration. Scaling factors as a 
function of chromium concentra- 
tion are shown in the figure on 
page 66, along with a linear least- 
squares fit through these scaling 
factors. As is seen, concentrations 
as low as 10 ppm can be measured 
with an 11 g soil sample counted 
for 1000 s. Since all soil samples 
had the same composition except 
for the chromium concentration, no 
sample matrix corrections were 
required. 

ples were also prepared. These 
blind samples were counted to test 
the reliability and accuracy of the 
system. The measured results 
from counting these blinds indicate 
an error of -10 Yo to 15% for an 
1,800-second count. 

Also, a set of blind soil sam- 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



66 National Integrated Environmental Management 

0.035 I I I I I 

0.030 

=.. 0.025 
2 
.E 0.020 
9 
x 
D 0.015 
2 
I 

c .- 
u) 
C 

). 

3 

r" 0.010 

0.005 

Least-squares fit - 
0 Measured 
* Blind samples 

0 
0 100 200 300 400 500 600 

Chromium Concentration 
M96 0045 

Measurement of PPM Levels of Chromium in Soil 

Based on these present mea- 
surements, a 2-mC 59Ni source 
could be used by an EDXRF spec- 
trometer to detect chromium at a 
concentration of 5 ppm with an 
uncertainty of -10% for a 200 s 
count. 

New or Increased Technical Capabilities 
This research demonstrates the 

potential value of the radionuclide, 
59Ni, for use as an in-field EDXRF 
source for the assay of low (i.e., 
<50 ppm) concentrations of 
chromium in soil. It is possible 
that the sensitivity for chromium 
will be sufficient to eliminate in 
many cases the need for collecting 
samples for laboratory analysis. 
Extension to assays of other envi- 
ronmental media is straightfor- 
ward as is its extension to the assay 
of other elements in the 19<2<25 
range, i.e. potassium to manganese. 
The development of the spectrome- 
ter as well as the feasibility of the 
59Ni excitation source for in-field 
applications gives the INEL a lead 
in this type of measurement. 

Business Development Opportunities 

We have received a letter of 

interest from Canberra Industries 
to possibly pursue this research. 

Low-temperature Reductive 
Catalytic Destruction of 
Halogenated Organics 

LDRD 8615 

S. K. Janikowski 

Halogenated organics represent 
some of the most versatile com- 
pounds used in our society. They 
include all organic materials with one 
or more fluorines, chlorines, bromines, 
or iodines as part of the molecular 
structure. They are used in cleaning, 
degreasing, paint stripping, as refrig- 
erants, fire extinguishing media, 
aerosol propellants, oil and hydraulic 
fluid thinners, pesticides, antiseptics, 
medicines, PVC plastics, urethane 
foams, and as transformer and large 
capacitor fluids. In the nuclear indus- 
try, they are also used for cleaning 
hygroscopic metals (U, Pu, etc.) dur- 
ing reactor and weapons manufactur- 
ing and maintenance. The list is long 
because halogenated organics have 
many chemical and physical proper- 
ties, which ideally suit them for hard 
duty applications. They are resistant 

to oxidation, reduction, thermal degra- 
dation, biological degradation, substi- 
tution, high energy field or radioactive 
degradation, etc. This robust nature 
is desirable for the intended applica- 
tion, however, when the halocarbons 
have completed their service and are 
released to the environment, they 
have adverse effects. They are toxic 
to humans and animals, and are 
responsible for destroying the ozone 
layer in the earth's upper atmosphere. 
These conditions plus the long life and 
difficult-to-treat aspects of halocar- 
bons make them a nuisance of inter- 
national propottion when they need to 
be destroyed. High-temperature incin- 
eration is currently the only approved 
method for destruction, however it has 
many severe drawbacks. It is energy 
intensive, has high initial capital costs, 
is difficult and time consuming to per- 
mit, and the process always dis- 
charges to the atmosphere com- 
pounds that are more hazardous than 
those fed into it. A process that miti- 
gates the above mentioned draw- 
backs is one of today's most needed 
technologies. The titled process com- 
pletely destroys halogenated organics 
under mild, nonoxidative conditions 
and is being developed as an 
environmentally safe alternative to 
incineration. 

Objectives 

Design a continual flow reactor 
sys tern. 

Construct the continual flow 
reactor system. 

Test the operation of the con- 
tinual flow reactor system. 

dehalogenation process on sev- 
eral halogenated organics. 

Establish the operable temper- 
ature range for halocarbon 
destruction (at ambient 
pressure). 

Evaluate the reactor and 

Accomplishments 

destroy halogenated organics 
A process to completely 
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under mild, nonoxidative condi- 
tions is being developed as an 
environmentally safe alternative to 
incineration. The proof-of-principle 
was demonstrated previously in a 
static mL-size reactor, in which 
over 20 different hazardous and 
toxic, linear, cyclic and polycyclic, 
and aromatic and polyaromatic 
halogenated organics were con- 
verted to less hazardous, nonhalo- 
genated organics. The present 
work was directed at (a) demon- 
strating the technology under con- 
tinual process conditions, and 
(b) establishing the optimal tem- 
perature, at low pressure, under 
which a select group of halogenated 
organics could be destroyed. The 
process demonstrated complete 
destruction of the halogenated 
organics over the temperature 
range 250°C to 400"C, with si&- 
cant degradation down below 
100°C. The accompanying figure 
presents some of the results 
obtained recently in our continual 
flow reactor. 

New or Increased Technical Capability 
A patent titled Method and 

Apparatus for the Low Tempera- 
ture Destruction of Halogenated 
Hydrocarbons has been applied 
for. The INEL will benefit from 
this intellectual property through 
Licensing agreements with private 
industry, and through increased 
programmatic funding due to our 
increase in technical expertise. 
f i e  INEL now has a niche in 
reductive catalytic processing. 
Aside from the novel halocarbon 
destruction technology we have 
developed, we now have access to 
an even larger oil industry. 

Business Development Opportunities 
The earlier results of this 

process have been presented to 
eight different companies, which 
have subsequently expressed an 
interest to partner with the INEL 
during the Field Demonstration 
phase. ETAS Corp. has submitted 

a Letter of Jntent to CRADA with 
the INEL once the technology is 
mature enough to scale to pilot 
size. The ETAS application is pri- 
marily waste treatment and envi- 
ronmental remediation. 

interest in this technology have 
similar, but distinguishable appli- 
cations, for which separate 
CRADA potential exists. 

A large Government market 
also exists for this technology, 
which we now have specific exper- 
tise to contribute. Hundreds of 
thousands of tons of halogenated 
organics are used and discarded by 
the DOE and DOD systems each 
year, creating regulatory problems 
and costs in the millions of dollars. 
Furthermore, 21% of Superfund 
sites and 200-300 Resource Conser- 
vation and Recovery Act (RCRA) 
sites have PCB contamination with 
even greater percentages having 
other halocarbon contamination. 
The market for destroying halocar- 
bons is hundreds of millions of 
dollars per year in the United 
States alone. 

The other companies having 

Periphyton Communities for 
Environmental Monitoring 

LDRD 9510 

R. M. Lehman 

We propose to advance develop- 
ment of a rapid, inexpensive and 
sensitive assay for detecting environ- 
mental contaminants in soil and 
waters, and monitoring the effective- 
ness of restoration activities. Devel- 
oping this community-level bioassay 
(CLPP) would provide significant ben- 
efits in terms of cost savings, turn- 
around time, and sensitivity over exist- 
ing baseline technologies for contami- 
nant detection, e.g., direct chemical 
analysis for all compounds. The bioas- 
say would be used for site characteri- 
zation in association with environmen- 
tal risk assessment. With respect to 
determining endpoints for environmen- 
tal restoration, developing this bioas- 

say would offer the first rational crite- 
ria for declaring completion of restora- 
tion activities. At present, there is no 
universal solution to declaring that a 
site is sufficiently clean and resembles 
its unimpacted state. Developing the 
proposed technology would contribute 
to the forming criteria that are ecologi- 
cally relevant for returning soils and 
waters to their original condition. The 
proposed project is a research and 
development effort that would focus 
on the use of a new, functionally 
based approach to estimating micro- 
bial community diversity and relating 
this index to environmental Condition, 
e.g., the presence of toxic substances 
or other stress. 

Incremental progression was 
made towards the ultimate goal of 
producing a novel and effective 
method (e.g., patentable) for environ- 
mental monitoring and assessment. 
We estimate that roughly 1 FTE of 
effort in FY-96 would lead to proof-of- 
principle, and 2 years of effort (at 7 
FTE) would position the work to 
attract capital for a commercial soft- 
ware venture. We have an ongoing 
relationship with Barry Bochner, 
president of Biolog, In,. and a verbal 
agreement that he would be interested 
in commercializing any computer algo- 
rithms that we develop to manipulate 
the extensive community characteriza- 
tion data that are generated with this 
approach. 

Objectives 
Analyze existing dataset and 
apply results to design of FY-95 
field study. 

Design and construct Benthic 
Algae Substrate Sampler 
(BASS). 

Conduct FY-95 field experi- 
ment, perform analyses, and 
reduce data. 

Accomplishments 

was to demonstrate the use of 
microbial communities (algae and 
bacteria) to assess different envi- 
ronmental conditions in a freshwa- 

The goal of this experiment 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



ter river in Idaho. The freshwater 
stream chosen was Iron Creek, 
which is 25 miles south of Salmon 
Idaho. It is a second order alpine 
stream impacted by mine drainage 
from an abandoned adit. This 
stream stretch is of interest to the 
Idaho Department of Environmental 

Microbial communities are 
used to assess environmental stress 
by either collecting samples of the 
microbes from natural substrates 
or by placing artificial substrates in 
the natural environment and then 
collecting the samples off of the 
artificial substrates after a certain 
interval of time. During the sum- 
mer of 1994, we used a 30-day 
colonization period for the artificial 
substrates. This was an adequate 
colonization period overall, but 
microbial development differed 
widely among different streams. 
Some substrates had very little 
microbial biomass, and other 
substrates had more than enough. 
Since Iron Creek is a relatively 
oligotrophic site and use of natural 
substrates have become more pop- 
ular, we chose to design and con- 
struct a sampler Benthic Algal 
Substrate Sampler for this study. 
We sampled along an in-stream 
transect across locations that are 
pristine, impacted, and recovered. 
The choice of the number of sam- 
ples collected from stream sites 
and the stream reaches to be sam- 
pled were based on the results of 
the 1994 stream study and other 
relevant studies. The biology of 
the periphyton and water grab 
replicate samples were analyzed by 
the Community-Level Physio logi- 
cal Profile (CLPP), Phospholipid 
Fatty Acid Profile (PLFA) and algae 
community structure by light 
microscopy and point-counting 
techniques. General water chem- 
istry analyses were conducted as 
well as metal content of the peri- 
phyton. 

Principal components analysis 
(PCA) was applied to community- 

Quality. 

level physiological profiles (CLPP), 
which examine the heterotrophic 
microbial component of the peri- 
phyton. PCA and clustering algo- 
rithms were applied to phospho- 
lipid fatty acid profiles, which 
encompass structural characteristics 
of both prokaryotic and eukaryotic 
microbial communities. Algal 
communities were assessed by 
determining the abundance of the 
dominant species by direct obser- 
vation in relation to the physical 
and chemical characteristics of the 
water. Canonical correspondence 
analysis was used to determine 
relationships between the abiotic 
characteristics of the water and the 
biotic measurements. This analysis 
is useful for identifying statistically 
sigruficant correlations between 
water quality and population 
abundances. While CLPP data on 
the water correlate well with metal 
concentrations at the site, PLFA 
correlations are less conclusive. 

New m hcreased Technical Capabilities 
This project will maintain 

INEL at the forefront of the devel- 
opment of novel methods for 
ecosystem monitoring, assessment, 
and restoration. We can provide 
technical support for remediation 
of local mining waste sites. And 
we are making technical progress 
toward proof of principle of an 
original idea with far-reaching 
practical applications continues. 

Business Development Opportunities 
The target commercial product 

for this research is a software pack- 
age which would allow users to 
perform the complex data analysis 
and interpretation in a standard- 
ized fashion. The prime candidate 
for purchasing software licensing 
and marketing this product is 
Biolog, Inc., the manufacturer of 
the microtiter plates that the CLPP 
uses. Discussions with the presi- 
dent of Biolog (Barry Bochner) 
have resulted in verbal expression 
of interest in commercializing algo- 
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Tolo Lake 
Mammoth Excavation 

LDRD 9513 

S. J. Miller 

The Tolo Lake Mammoth Project 
was a controlled excavation of mam- 
moth fossils encountered unexpected- 
ly in Tolo Lake sediments in the fall of 
1994 and a scientific investigation of: 
(a) the geologic age of the fossils, 
(c) their fossilization history, which 
includes the present and past geologic 
and environmental setting, (c) clues to 
the natural history of mammoths pre- 
sent in the fossil deposit, and (d) 
detection of any possible association 
with early human cultures. The recov- 
ery and analysis of the mammoth fos- 
sils involved a cooperative multidisci- 
plinary effort by participants from sev- 
eral scientific disciplines (e.g., paleon- 
tology, archaeology, geology, biology, 
chemistry, and remote sensing) from 
several institutions, and donated 
labor, materials, and logistical support 
from many community and agency 
sources. 

S. J. Miller (Lockheed Idaho 
Technologies Company/lNEL) served 
as excavation director in coordination 
with principal investigators R. Yohe 
(Idaho State Archaeologisthdaho 
State Historical Society) and W. Aker- 
sten (Curator of Paleontologyh’daho 
Museum of Natural History). Regular 
public and school tours of the excava- 
tion-in-progress were provided and 
the project received media and popu- 
lar attention (e.g., newspaper articles 
and television and radio coverage) 
throughout the Northwest. 

Results of the excavation and 
analyses will be applied to studies of 
the prehistory and paleoecology of the 
INEL and management of its cultural 
and natural resources. The work at 
Tolo Lake will continue to be dissemi- 
nated through presentations and lay 
and scientific publications. 

Objectives 
To recover, for preservation, 
scientific study, and eventual 
museum exhibition, a portion 

of the mammoth fossils 
encountered at Tolo Lake. 

To gain, through systemic 
recovery of the fossils and 
associated geologic and envi- 
ronmental information, an 
understanding of the circum- 
stances behind the occurrence 
of mammoths at Tolo Lake, the 
history of their preservation at 
the lake, documentation of the 
chronologic age of the fossils, 
and the past physical and bio- 
logical environments of the 
mammoths. 

Accomplishments 
The Tolo Lake excavation 

focussed on two spatially and, 
probably, temporally related 
deposits of exceptionally well- 
preserved mammoth and bison 
fossils. One area consisted of the 
remains of a large, adult male 
Columbian mammoth (Mam- 
muthus columbi). This individual 
mammoth is represented by a near- 
ly complete skeleton (over 140 ele- 
ments were recovered) confined to 
a limited area and embedded in 
lake sediments. A nearby fossil 
deposit represented a scatter of 
broken and abraded skeletal 
elements (over 100 specimens 
recovered) of an estimated five 
additional mammoths and two 
extinct bison (Bison antiquus). 
These fossils were found in shal- 
low lake-margin deposits on, in, 
and under rocks. 

The recovery of a nearly com- 
plete mammoth skeleton for scien- 
tific study and exhibit will allow an 
understanding of the history of the 
death and fossilization of a single 
individual mammoth, and the fate 
of the skeleton under the special 
burial conditions of a shallow lake. 
The beach assemblage of fossils 
allows comparison of the relatively 
complete mammoth skeleton with 
a deposit of scattered, slightly 
eroded, partially-buried bones with 
a strikingly different depositional 
history. 

No archaeological/cultural 
materials or features were detected 
in association with the fossils, now 
suspected to date back well within 
the Pleistocene or Ice Age. 

In addition to directing the 
excavation, S .  J. Miller will lead the 
study of the taphonomy of the 
mammoths and associated fossils. 
Taphonomy is the study of the 
events and biological and physical 
processes that lead to the creation 
and modification of a fossil assem- 
blage from the time of death of 
organisms until their discovery 
and recovery as fossils. This 
involves the careful descriptive 
analysis of whole and partial fos- 
sils, recording their spatial distrib- 
ution and condition, determining 
their geologic environments and 
age, i d e n m g  associated species, 
and recovering any information 
that can be gathered or inferred 
about the behavior and natural his- 
tory of extinct species. 

J. Tullis (Lockheed Idaho/AEDL) 
conducted a field survey of Tolo 
Lake geology and inspected the 
lake and nearby sediments. Her 
contribution to the study includes 
(a) a report based on field work, 
(b) inspecting photographs, maps, 
and literature, (c) interviewing 
State and Federal agency geologists, 
and (d) coordinating with Univer- 
sity of Idaho researchers. 

Nao or Increased Technical Capabilities 
The Tolo Lake excavation 

offered the opportunity to: (a) 
acquire information on the geology 
and paleontology of the Quater- 
nary events and time period, 
which dominate a landscape 
temporally and geologically similar 
to that of southern Idaho and the 
INEL, (b) apply paleontological 
and archaeological field, recovery, 
and analytical techniques, which 
would be useful in similar finds on 
the INEL, and (c) extrapolate the 
comparative climatic, paleoeco 
logical, and natural history infor- 
mation gained from this effort to 
cultural and natural resource 
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predictive studies and management 
on the INEL and throughout the 
Northwest region. 

Business Development Opportunities 
Although no tangible business 

agreements resulted from the To10 
Lake research, active information 
flow and cooperation occurred 
between the project participants 
representing Lockheed Idaho Tech- 
nologies Company/INEL, the 
Idaho Museum of Natural History, 
Idaho State Historic Preservation 
Office, State and Federal land man- 
agement agencies, and the Univer- 
sity of Idaho. Continuous discus- 
sion occurred about the project 
research design and future field 
and laboratory endeavors to 
answer general and specific scien- 
tific questions raised by the project; 
several of these cooperative 
approaches were implemented 
during the project and future inter- 
action initiated between the 
researchers. 

Alternate Material for 
Stainless Steel-Lined Concrete 

LDRD WOO7 

P. A. Anderson 

Portland cement concrete (PCC), 
which is the most widely used mass- 
poured construction material, is some- 
times used in applications where it is 
not appropriate. For example, at the 
INEL numerous nuclear facilities are 
constructed with PCC. However, 
because of the need to decontaminate 
the facilities without affecting the dura- 
bility of the material, stainless steel 
liners are added to the PCC structure. 
The liner is needed to compensate for 
the porous nature of PCC and its lack 
of resistance to attack by the chemical 
environment prevalent in the facilities. 
There are other commercially avail- 
able mass-poured construction materi- 
als that are relatively impermeable 
and are highly resistant to degradation 
in harsh chemical environments. 

National Integrated Environmental Management 
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However, due to limited engineering 
information on the materials, their 
usage is limited. Two such materials 
are (1) ICOM, which is a composite 
concrete made from a proprietary 
blend of resins, corrosion-resistant 
fillers, and fine aggregates, and (2) 
sulfur concrete (SC) made from sulfur 
polymer cement (SPC). Both materi- 
als meet or exceed the mechanical 
and structural properties of PCC, with 
the added characteristic of imperme- 
ability. The purpose of this project is 
to expand the engineering information 
on these materials. Sufficient informa- 
tion would then exist for project engi- 
neers to specify the materials for 
applications where they are more 
appropriate than the costly combina- 
tion of stainless steel lined PCC. The 
end result would be more cost-effective 
facilities with longer durability. 

Objectives 
Complete chemical resistance 
screening tests. 

Conduct side-by-side chemical 
resistance testing on ICOM, 
SPC, ordinary Portland con- 
crete (OPC), and a more 
durable mix design (DPC). 

Perform irradiation testing on 
the specimens. 

Perform decontaminatability 
testing. 

Perform permeability and 
porosity testing. 

Accomplishments 

Since the chemical resistance of 
the various formulations of ICOM 
was essentially untested, the 
screening tests were designed to 
establish the viability of the project. 
This was accomplished by screen- 
ing each of the candidate materials 
against a variety of common corro- 
sive chemicals at two different con- 
centrations. The chemicals used 
were selected using the following 
general criteria: 

Commonly used by industry 

Commonly known to degrade 
PCC structures 

Commonly used decontamina- 
tion solution. 

The specimens were cast 1-inch 
right cylinders. They were 
exposed to the chemicals for peri- 
ods of 5,50, and 100 days. At each 
interval the percent weight change 
was recorded along with any other 
pertinent observations. After the 
final exposure period, compressive 
strength tests were conducted. The 
results demonstrated that both 
ICOM and SPC are highly resistant 
to attack by the selected chemicals. 

Based on the results of the 
screening tests, corrosion resistance 
testing was performed on %inch 
right cylinders and 36-inch by 6- 
inch beams for all four materials. 
The beams were included to obtain 
modulus of rupture data in addi- 
tion to compressive strength data. 
As illustrated by the attached fig- 
ure, the percent change in com- 
pressive strength for the ICOM and 
SPC specimens was sigruficantly 
less than that for the Portland 
cement based specimens. The 
decontaminability testing pro- 
duced results comparable to stain- 
less steel (98-99% removal) of loose 
surface contamination. Additional 
testing is required for fixed conta- 
mination due to the difficulty expe- 
rienced in fixing the simulated con- 
tamination to the surface of the 
specimens. The beam testing, irra- 
diation testing, permeability, and 
porosity testing are still in process. 

New or Increased Technical Capabilities 

The results of this research wiU 
benefit the INEL by allowing the 
cost-effective use of these materials 
in new facilities where PCC has 
not performed well in the past. 
The enhanced durability of these 
materials makes them good candi- 
dates for use as engineered barriers 
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in applications such as waste dis- 
posal facilities that require hun- 
dreds of years of service specifical- 
ly from an engineered barrier. 
Additional testing should be 
geared to provide the data needed 
for the durability modeling of engi- 
neered barriers. 

Business Development Opportunities 

duce the respective materials have 
collaborated on this project by pro- 
viding the test specimens. They 
are keenly interested in the results 
of the research and stand ready to 
pursue expanded application of the 
materials made possible by this 
project. 

The two companies that pro- 

Oxidative Processes 
for the Remediation of 

Contaminated Soils 
LDRD W016 

D. A. Atkinson 

This project studied the use of 
Fenton's reactions (iron catalyzed free 
radical reactions based on hydrogen 
peroxide) for the remediation of sol- 
vent-contaminated soils. This type of 
reaction allows for in situ remediation 
of a large variety of organic contami- 
nants in less time and at a lower cost 
than a number of other remediation 
systems. This project focussed on the 
destruction of chlorinated solvents in 
soils through native mineral catalyza- 
tion of Fenton's reactions and the opti- 
mization of remediation conditions. 

This work has benefits to both the 
INEL and the regional community. A 
large number of dollars are spent in 
the United States on cleanup of conta- 
minated soils. Remediating these sites 
is expensive, especially when cleanup 
occurs by excavation and incineration 
of the soils. Full-scale implementation 
of Fenton's based remediation would 
allow for a faster, more cost-effective 
method of in situ solvent-contaminat- 
ed soil remediation. This work extends 

the use of traditional Fenton type sys- 
tems to the use of native mineral cat- 
alyzed reactions, thus further reducing 
costs by eliminating the need to add 
catalyzing metal ion solutions to the 
soil. 

Objectives 
Apply Fenton's chemistry to 
the remediation of chlorinated 
solvent-contaminated soils. 

Investigate the use of native 
mineral catalysis. 

0 

Optimize remediation process 
variables to maximize treat- 
ment efficiency. 

Accomplishments 

Fenton's chemistry (iron/tran- 
sition metal catalyzed hydrogen 
peroxide oxidation) was evaluated 
for use in the remediation of chlori- 
nated solvent-contaminated soils. 
Solvents of interest to the INEL 
were studied: trichloroethylene, 
carbon tetrachloride, and 1,1/2- 
trichloroethane. The soil remedia- 
tion processes were studied in the 
laboratory using ex situ slurry 
reactors, however, the process is 
often used in situ, making imple- 
mentation of this remediation sys- 
tem fairly easy and cost- effective. 
The research studied both systems 
catalyzed by the addition of solu- 
ble iron and native mineral cat- 
alyzed systems. The native mineral 
catalyzed scheme is particularly 
attractive, as it reduces costs by 
eliminating the need to add iron 
salts and the problems brought 
about by the precipitation of added 
iron salts. 
Extensive degradation of the &lo- 
rinated solvents was achieved in 
both the iron salt and mineral cat- 
alyzed systems. The time involved 
for fairly complete (>95%) remedi- 
ation was nearly always 4 0 0  
hours; this contrasts strongly with 
many bioremediation systems 

where weeks or months are needed 
to effect the destruction of the cont- 
aminant solvent at a greater cost. 
The figure illustrates the break- 
down curve of trichloroethene 
(TCE) in a mineral catalyzed setup 
for both a pure geothite [a-FeOOH] 
system and a geothite/hematite 
mixture. Extensive destruction of 
TCE in both systems is evident. 
The rise in chloride concentration 
shown in the figure is most likely 
correlated with the breakdown of 
the TCE. The likely oxidation path- 
way is 

TCE --> dichloroacetic acid --> 
H20 + CO, + HC1. 

There is the potential that min- 
eral catalyzed remediation reac- 
tions have additional oxidation 
pathways due to surface catalysis; 
this may account for enhanced 
degradations of highly substituted 
solvents such as carbon tetrachlo- 
ride in mineral systems over con- 
ventional soluble iron systems. 
Since the INEL soil is fairly high in 
iron content and catalyzed native 
minerals, Fenton's remediation 
would be an ideal choice for site 
remediation problems. 

New or Increased Technical Capabilities 
This work gives the INEL an 

additional remediation technique 
for chlorinated solvent- contami- 
nated sites, which in most cases 
will be quicker and cheaper than 
the traditional techniques of incin- 
eration and bioremediation. The 
Fenton's chemistry based system 
can be extended to other forms of 
organically contaminated soils also, 
such as hydrocarbons and explo- 
sives. With the large amount of soil 
remediation needed within the 
DOE complex, this work presents 
an advance that can be beneficial to 
environmental restoration activities. 

Business Development Opportunities 

expressed interest in this work. IT 
Three companies have 
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Corporation, which is a large envi- 
ronmental remediation firm, has 
shown interest in this type of 
chemical remediation. In Situ 
Oxidative Technologies, which is a 
small environmental firm involved 
with chemical oxidative remedia- 
tion, is also interested in this work. 
Both of these companies are users 
of remediation systems; their inter- 
est comprises possible use of such 
systems and proven applications. 
A third company, Parsons, at the 
INEL, is interested in this remedia- 
tion system from a end user stand- 
point, with respect to remediation 
of chlorinated solvent-contaminated 
soils at Test Area North (TAN). 

Solid Phase 
Microextraction 

LDRD WO19 

J. L. James 

National Integrated Environmental Management 

(GC/MS) and the analytes are ther- 
mally desorbed onto the chromato- 
graphic column for analysis. 

This project has focused on 
developing a SPME method that 
meets the calibration requirements for 
the analytes of S W-846, Method 8270 
and applying this method to environ- 
mental samples and highly radioactive 
waste samples. The quantitation lim- 
its have been met for most analytes. 
Matrix effects seem to be no different 
from the conventional method. 

A remote method has been mostly 
developed for highly radioactive sam- 
ples, although reproducibility between 
analytical runs is still a problem. 

Solid phase microextraction 
(SPME) is a new method for extract- 
ing semivolatile organic compounds 
(SVOCs) from aqueous samples for 
analysis. This method eliminates the 
use of hazardous solvents required by 
conventional extraction methods. The 
sample volumes required for analysis 
at the ng/mL level are reduced from 
1 L to 70 mi.  The time required for 
the extraction is only 30 minutes and 
the extraction can be performed dur- 
ing the analysis of the preceding sam- 
ple. A single analyst can easily per- 
form the extraction while analyzing 
samples. This new method will 
decrease the time, labor, and expense 
of analyzing SVOCs and eliminate the 
solvent disposal problems. 

Solid phase microextraction 
(SPME) is a very simple technique. A 
fused silica capillary fiber covered with 
a coating designed to absorb the ana- 
lytes of interest is dipped in the aque- 
ous sample. After 30 minutes, the 
concentration of the analytes in the 
coating reaches equilibrium with the 
analytes in the sample. The fiber is 
then placed in the injector of the gas 
chromatograpNmass spectrometer 
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Objectives 
e Generate a 5-point calibration 

curve starting at or below 
10 ng/mL with % relative 
standard deviations less than 
30% and relative response 
factors greater than 0.05. 

Expand the list of calibrated 
compounds to cover the Con- 
tract Laboratory Procedures 
(CLP) Target Compound List 
(TCL). 

e 

Perform a comparison analysis 
between liquid-liquid extrac- 
tion and SPME on actual envi- 
ronmental samples. 

Develop procedures and 
equipment for the remote use 
of SPME for the analysis of 
highly radioactive samples. 

Accomplishments 

The SPME conditions have 
been optimized for the TCL and 
calibration curves have been gener- 
ated based on the new conditions. 
All compounds except the very 
polar compounds can be quantitat- 
ed at 10 ng/mL. Of the 73 calibrat- 
ed compounds, 66 have relative 
response factors greater than 0.05. 
Reproducibility is still a serious 
problem. Most of the calibrated 
compounds have percent relative 
standard deviations substantially 

greater than 30%. Further research 
is required to determine if a better 
method for mixing the sample dur- 
ing sampling can be developed or 
if nonlinear calibration curves are 
inherent in the method. 

The list of calibrated com- 
pounds covers most of the TCL. 
Further research is required to 
reliably analyze 2,4dinitrophenol; 
4,6-dinitro-2-methylphenol; 4-nitro- 
phenol; hexachlorocyclopentadi- 
ene; and N-nitroso-di-n-propy- 
lamine. 

A comparison extraction 
between the conventional analysis 
(separatory funnel liquid-liquid 
extraction followed with GC/MS 
analysis by SW-846 Method 8270) 
and SPME followed by GC/MS 
analysis was performed on an 
Idaho Chemical Processing Plant 
(ICPP) process equipment waste 
(PEW) condensate sample. The 
results of the analyses are attached. 
The results between the two meth- 
ods are quite different, but the dif- 
ferences are within the normal 
variability of semivolatile organic 
analysis. 

A disposable holder has been 
developed for the extraction fiber 
that will allow this method to be 
used remotely. A test extraction 
on a radioactive sample was per- 
formed to determine the magni- 
tude of contamination of the fiber 
after contact with the sample. No 
contamination of the fiber could be 
detected. 

New m Increased Technical Capabilities 
This technique has great poten- 

tial both for laboratory analysis 
and for field screening and sam- 
pling and is applicable to volatile 
and semivolatile organic analysis. 
The extension of this method for 
the extraction of inorganic com- 
pounds is also possible. Wide- 
spread use of this technique could 
dramatically reduce the costs of 
sampling and analysis. As yet, 
SPME is almost unknown. We are 
one of four organizations nation- 
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wide doing any research and 
development in this area. The final 
steps toward developing a remote 
method that will cut hundreds of 
dollars per sample from the cost of 
analysis of highly radioactive sam- 
ples are being performed. A 
method developed during this pro- 
ject will be submitted for inclusion 

Business Development Opportunities 

discussions with Varian Instru- 
ments, Supelco, and the Environ- 
mental Protection Agency's (EPAs) 
Office of Solid Waste. We have 
received data and experimental 
materials from Varian and Supelco 
and have made an informal agree- 
ment with Varian and Supelco to 
cooperate in submitting an SPME 
method for inclusion in SW-846. 
Since the researcher responsible for 
development in the area of solid 
phase microextraction at Supelco is 
almost fully committed to produc- 
tion support and quality control, 
we have hopes of work-for-others 
opportunities doing development 
for the company. We have 
received a list of needed research 
from the EPA and are pursuing 
possible funding. 

in SW-846. 

During FY-95, we have held 

Synthesis and 
Characterization of 

PtlPd Compounds for a 
Fiber Optic-Based 

Sensor for Volatile Organic 
Compounds 

LDRD W027 

S. D. Hartenstein 

The Idaho National Engineering 
Laboratory (INEL) has worked collab- 
oratively with the University of Min- 
nesota (UM) to synthesize 
platinu~palladium organometallic 
compounds. These compounds have 
a unique characteristic in that they 
change color reversibly (vapoc- 

hromism) when exposed to vapors of 
volatile organic compounds (VOCs). 
The focus of this laboratory directed 
research and development (LDRD) 
project was to evaluate these PVPd 
compounds response to a variety of 
volatile gases. The objective of the 
research was to establish the potential 
of these materials to be integrated 
with appropriate transducers for future 
development of VOC sensor systems 
for environmental and air quality appli- 
cations. The envisioned sensors are 
expected to detect VOCs at regulatory 
levels for DOE and industrial environ- 
mental remediation and monitoring 
activities. 

Objectives 
Synthesize bulk quantities of 
three different Pt/Pd vapoc- 
hromic materials. 

Synthesize test quantities of 
oxidized/reduced Pt/Pd 
vapochromic materials. 

Evaluate the response of Pt/Pd 
vapochromic materials for at 
least five air quality gases. 

Evaluate the response of Pt/Pd 
vapochromic materials using 
field effect transistors (FETs). 

Accomplishment 
A significant effort of this 

LDRD was synthesis of various 
forms of the Pt/Pd vapochromic 
materials for continued evaluation 
of its potential sensor capabilities. 
Bulk quantities (>lOOmg) of three 
materials (with varied metal-metal 
bond structure and varied alkyl 
chain lengths) were synthesized at 
the INEL. Aliquots of these mate- 
rials were used for: (a) continued 
VOC sensor testing at the INEL; 
@) synthesis of oxidized/reduced 
Pt/Pd vapochromic materials; and 
(c) distribution to industrial and 
university collaborators. Materials 
were sent to GEO-CENTERS, Inc. 
to support of existing CRADA to 

develop an environmental screen- 
ing sensor for VOCs. The Univer- 
sity of Utah (U of U) received some 
materials to support FET sensor 
development as part of an INEL 
University Research Consortium 
(URC) collaboration. Other materi- 
al was shipped to Honeywell to 
investigate their potential for 
process leak detectors. 

Efforts to synthesize oxi- 
dized/reduced Pt/Pd materials 
were completed through a subcon- 
tract with Montana State University. 
The focus of this synthesis work 
was to create compounds with 
increased conductivity to make the 
materials more compatible with 
electrical-based transducers. Dur- 
ing this effort, Pt/Pd vapochromic 
materials were reacted with sub- 
stoichemetric quantities of bromine 
and iodine. The results from these 
reactions were unsuccessful, in that 
the reaction products were not 
homogeneous and were not more 
conductive. However, the observa- 
tion that some material did react 
with the bromine and iodine indi- 
cates that further experiments with 
more controlled conditions or with 
chlorine gas could improve the 
conductivity . 

Several vapochromic materials 
were coated on quartz crystals and 
then evaluated for their adsorption 
characteristics to a variety of air 
quality gases using a quartz crystal 
microbalance. The various vapoc- 
hromic materials were exposed to 
methane, nitric oxide, nitrogen 
dioxide, nitrous oxide, hydrogen 
cyanide, carbon monoxide, hydrogen 
sulfide, sulfur dioxide, BTEX (ben- 
zene, toluene, ethyl benzene, and 
xylene), carbon tetrachloride, and 
chloroform. The vapochromic 
materials showed very little ability 
to adsorb any of the gases except 
the BTEX and halogenated organics. 
The response for these gases con- 
firmed previous observations that 
the vapochromes are selective for 
these gases with expected detection 
limits near 1 to 5 ppm. 
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Efforts to evaluate the response 
characteristics of the vapochrome 
materials with FETs were performed 
to determine if a more sensitive 
transducer could be identified to 
take advantage of the vapochromic 
behavior of the materials. The 
characterization of the FET 
response was unsuccessful due to 
the inability of the U of U to deliver 
intact FETs. The effort to character- 
ize FETS will continue under the 
FY-96 URC collaboration. 

New or Increased Technical Capabilities 
During completion of the 

research objectives, INEL investi- 
gators increased their technical 
capabilities in four areas. 

They completed a safety 
review and job hazard analysis I 

which now creates a n  INEL facility 
for the routine evaluation of sen- 
sors for toxic gases at low concen- 
trations. 

While evaluating surface coat- 
ing techniques for the quartz crys- 
tal microbalance (QCM) sensor sys- 
tem, the INEL investigators com- 
pleted a fundamental evaluation of 
the principles of operation for the 
QCM. This evaluation has 
increased the understanding of 
how to make coated quartz crystals 
more efficiently, reduce their noise, 
and enhance the sensitivity. 
For the FET evaluations, INEL 

investigators had to redesign an 
existing electronic control data 
acquisition system to specifically 
collect the electrical current 
response from the tested FETs. 
This system is now available for 
any future evaluations of FET- 
based sensors. 

of the Pt/Pd materials, an INEL 
investigator developed improved 
material handling techniques that 
yielded higher purity materials. 
These techniques will be trans- 
ferred to the UM, via a minitechni- 
cal exchange, to improve the quali- 
ty of new materials UM will syn- 
thesize during its FY-96 INEL URC 
project. 

In synthesizing bulk quantities 

Business Development Opportunities 
These project supported ongo- 

ing URC collaborations with the 
UofU and UM to develop 
microsensors and additional 
vapochromic compounds, respec- 
tively. The fundamental chemical 
information garnered during the 
handling and reacting of the mate- 
rials is supporting an existing 

to develop a field screening fluo- 
rescence probe for VOCs. 

CRADA with GEO-CENTERS, Inc. 

ICPP Testbed Framework 
and Field Tests 

LDRD W029 

E. E. Filby 

The overall purpose of this effort 
is to position the INEL as a place 
where new technologies can be field 
tested before final deployment, build- 
ing on many years of less formal fest- 
ing experience at the Site. The spe- 
cific aim of this project was to develop 
an improved testbed infrastructure 
and to upgrade the skills of testbed 
personnel. 

Because individual sensors, and 
integrated suites of sensors and con- 
trol components are tested, the inte- 
gration methodology is a key element 
of the infrastructure. The INEL has 
been funded separately by DOE 
(NN-20) to test the Modular Integrated 
Monitoring System (MIMS), which is 
an approach developed by Sandia 
National Laboratory (SNL). The SNL 
system uses nodes built around the 
Neuron chip from Echelon Corpora- 
tion, and a custom-designed da fa log- 
ging station. Based on this effort and 
prior INEL experience with the Echelon 
Lon Workstm approach, we have cho- 
sen this product line as our core intel- 
ligent distributed control (IDC) technol- 
ogy. One aim of this project was to 
evaluate whether or not the customized 
SNL approach could meet the long- 
term needs of the INEL testbed. 

Upgrading the testbed infrasfruc- 
ture will mean that a wider variety of 
test capabilities can be offered, thus 

providing more value to existing cus- 
tomers and enhancing our chance of 
attracting new customers. An expand- 
ed customer base should provide 
more opportunities for cost sharing on 
future tests, thus improving our overall 
competitiveness. Finally, increasing 
our skills and experience in this area 
should improve our ability to develop 
unique INEL products and systems. 

Objectives 
Install components needed to 
test the Authenticated In-Plant 
Monitoring (AZPM) system. 

Expand infrastructure to thor- 
oughly test the MXMS integra- 
tion approach. 

Evaluate the MIMS network 
approach as the basic frame- 
work for the INEL sensor test- 
bed. 

Procure a Lonworks network 
development workstation from 
Echelon Corporation. 

Provide training for additional 
personnel on the workstation. 

Add modules to handle more 
different kinds of sensors to 
the basic SNL network. 

Idenbfy a better location for 
ICPP Test Control Room and 
transfer relevant equipment to it. 

Evaluate other facilities at the 
INEL for inclusion in the test- 
bed infrastructure. The addi- 
tion of RF capabilities to the 
network should help accom- 
plish this task. 

Accomplishments 

The test of the AIPM was com- 
pleted. This test produced one sat- 
isfied customer, provided more 
experience in formalized testing, 
and tested the testbed infrastruc- 
ture. A test/demonstration of the 
MIMS (see the figure) was also per- 
formed, with observers from DOE 
Headquarters and a potential 
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industrial partner. The test provid- 
ed the first "data point" as to how 
well the MIMS might work as a 
general testbed network. This 
experience was used to develop the 
software needed to extract data for 
the testbed from the Idaho Chemi- 
cal Processing Plant (ICPP) plant 
computer system. Further experi- 
ence was provided by a test and 
demonstration for an AIL Inc. 
gamma-ray imaging system 
( G W .  

An Echelon development 
workstation was procured and put 
into operation, and three individu- 
als were trained in its use. This 
training and experience helped 
determine the components needed 
to expand the kinds of sensors 
used with the testbed network. 
Certain general-use items, such as 
a remote RF-linked video unit, 
were procured under this LDRD. 
Others items have been ordered 
using relevant programmatic 
funds; these include systems that 
can be linked via radio transmis- 
sions. The technical requirements 
for integrating National Oceanic 
and Atmospheric Administration 
(NOM) meteorological data into 
the testbed system were examined. 
Although we can readily access 
their data for review, a fairly exten- 
sive effort would probably be 
required to integrate "live" data 
directly into a test protocol. 

tion for the early AIPM and MIMS 
tests proved to be unsuitable for 
long-term use, the equipment was 
relocated to a new ICPP Test Con- 
trol Room. Means to transmit test 
data to this new location were 
designed and installed. Several 
other INEL sites, including the Test 
Reactor Area (TRA) and the 
Radioactive Waste Management 
Complex (RWMC), were evaluated 
for inclusion in the basic testbed 
network. Several areas seem 
promising; however, because our 
current customers are most inter- 

Because the data-review loca- 

ested in the follow-on scenario 
being developed at the ICPP, none 
of these options were pursued any 
further. Planning is in progress for 
a common use scenario based on 
the spent fuel transfers taking 
place between the old basin in 
CPP-603 and the FAST storage 
basin. Common use means that sys- 
tems from several different devel- 
opers can be accommodated in the 
same test sequence. 

Evaluation of the MIMS net- 
work approach as the testbed 
framework was essentially com- 
pleted. While their nodes are suit- 
able for certain kinds of tests, we 
need to expand well beyond the 
capabilities they provide. The cus- 
tomized data logger, while it meets 
the needs for which it was 
designed, is totally unsuitable as a 
testbed workstation. We need 
more flexibility and substantially 
better diagnostic capabilities. 

New m Increased Technical Capabilities 
We have broadened our expe- 

rience in test planning and execu- 
tion. The Echelon workstation sub- 
stantially upgrades our ability to 
develop integrated IDC systems. 
(An older version of this system is 
available, but it is dedicated to a 
specific program and remains the 
property of the program sponsor.) 
New people have been trained, 
and are beginning to gain experi- 
ence. Finally, new equipment has 
been procured to enhance future 
tests and demonstrations. 

Business Devebpment wortunities 
Raytheon and SAIC are inter- 

ested in having their Corral Moni- 
toring System tested. It appears 
likely this will happen early next 
fiscal year, but prospects for a 
longer-term relationship are 
unclear. Rockwell International 
would like to test and demonstrate 
a day-night video surveillance unit 
as part of our fuel-movement sce- 
nario. These potential customers 

are currently trying to identdy 
funding for their part of the tests; 
the INEL would probably be fund- 
ed through our ongoing program 
with the DOE Office of Arms Con- 
trol and Nonproliferation (NN-20). 
Halberd Inc. (Salt Lake City) is cur- 
rently in production to build six to 
eight RF-linked network nodes for 
outdoor sensor applications; these 
would be tested at the INEL. As 
noted above, we successfully tested 
the AIL, Inc. GRIS here; discussions 
of a possible joint project to help 
adapt their equipment for new 
uses are progressing. Echelon Cor- 
poration has expressed interest in 
having a third-party site provide 
LonMarktm compatibility testing- 
this would be somewhat akin to 
the familiar UL Listing for product 
safety. These discussions are being 
kept very low key at this point; we 
need to gain more experience with 
this technology, and there are 
many sensitive issues that need 
evaluation before any commit- 
ments are even considered. 

Electrocatalytic 
Vapor Sensor 

LDRD W032 

C. Carver, D. K. Kotter 

The electrocatalytic vapor sensor 
project is a joint collaboration between 
Lockheed Idaho Technologies and 
Argonne National Laborafoty (ANL). 
Lockheed Idaho further developed the 
electrocatalytic vapor sensor built by 
ANL by increasing the selectivity of 
the sensor through the use of poly- 
mers, membranes, and chemically 
modified electrodes. Polymers devel- 
oped in house by the Inorganic Mem- 
brane Technology Research Program 
were used to increase the selectivity 
of the sensor. The electrocatalytic 
vapor sensor was a test bed for the 
Neural Network LDRD project. Test 
data for SO, and NO, were compiled 
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and neural networks were built to 
identify the gas and the concentration 
of the gas. The neural network and 
the eleckocatalytic vapor sensor pro- 
vide a complete sensor system capa- 
ble of near real-time analysis of vapor 
effluents. 

Objectives 

The milestones for FY-95 were 
focused on further characterizing 
the sensor and preparing the sen- 
sor for engineering applications, 
such as integrating the sensor with 
a biofilter to monitor the waste 
stream. Tests were conducted to 
determine the sensor's response in 
different environments and with 
different chemicals. 

Increase the selectivity of the 
sensor. 

Build a portable sensor system 
and integrate the system with 
the biofiltering project to deter- 
mine long-term stability. 

Expand the library of sensor 
responses. 

Demonstrate that the sensor 
can be reused after being con- 
taminated. Write proposals for 
FY-96 funding. 

Technical Accomplishment 

Increasing Sensor Selectivity. 
Efforts to increase the selectivity 

of the electrocatalytic vapor sensor 
focus on a Lockheed Idaho internal 
collaboration conducted between 
the sensor product directorate and 
the Inorganic Membrane Technolo- 
gy Research Program (JMTRP). The 
IMTRP has developed many poly- 
mers and membranes that are 
selective for specific compounds or 
groups of compounds. This exper- 
tise was used by applying these 
polymers to the surface of the sen- 
sor. The sensor response was 
changed after the polymer was 
applied to the surface. There was 
also a change in sensor response to 

the presence of NO, gas at varying 
concentrations. It is difficult to 
determine if the change in sensor 
response is due to the selectivity of 
the coating or if polymer coating 
was evaporated by the high operat- 
ing temperature of the sensor. Fur- 
ther tests will be conducted to veri- 
fy that the changes in the sensor 
response are due to the selective 
coating and not to other factors. 

Build and Integrate Portable Sen- 
sor System with Biofltering Project. 

Other areas of the electrocat- 
alytic vapor sensor project include 
building a portable sensor test sys- 
tem to be used with the biofiltering 
project. A collaboration with the 
biotechnology group was designed 
to integrate the electrocatalytic 
vapor sensor with a biofiltering 
project that removes hydrocarbons 
from waste streams. The sensor 
would monitor the levels of hydro- 
carbons in the waste stream over a 
period of several months. The cur- 
rent instrumentation for the sensor 
is bulky and cumbersome and can- 
not be integrated with the biofilter. 
A portable system has been built 
on a Toshiba computer with a D/A 
converter card. The data acquisi- 
tion system has been configured 
using Lab Windows. This portable 
system will be used not only for 
the biofiltering project but also for 
laboratory and field demonstra- 
tions of the sensor technology. This 
portable system can also be used 
with other sensors. 

Currently, the sensor has not 
been integrated into the biofilter 
because there are problems with 
sensor stability. The first sensor 
prototype tested has a yttria-stabi- 
lized zirconia matrix which sepa- 
rates the upper and lower elec- 
trode. It was determined that the 
sensor would drift from day to day 
and it was difficult to reproduce a 
baseline response. From tests con- 
ducted at ANL, it was concluded 
that the sensor would be more sta- 

ble if the matrix material were 
replace with tungsten bismuth 
oxide. Currently, tests are being 
conducted to reproduce ANL's 
results and determine if the new 
matrix material will provide a 
more stable sensor. Once the sen- 
sor stability problems have been 
solved, it will be integrated into 
the biofilter and the long term sta- 
bility of the sensor will be moni- 
tored. 

Demonstrate a Reusable Sensor 
The durability of the sensor 

was tested by exposing the sensor 
to contaminates and testing the 
sensor response. The sensor was 
exposed to SOX and NOX. Over 
time a film would develop on the 
surface of the sensor which would 
dampen the sensor response. The 
effects of the contaminants on the 
sensor could be reversed by elevat- 
ing the operating temperature of 
the sensor and burning off contam- 
inants from the surface. 

Increase Library of Sensor 
Responses This sensor project was 
also a test bed for the Neural Net- 
work LDRD. The sensor responses 
for SOX, NOX and mixtures of SOX 
and NOX were recorded with car- 
rier gases of both air and nitrogen. 
Concentration levels were also var- 
ied from 5 to 100 ppm. The sensor 
produced unique signatures for 
each gas at each concentration 
level. The responses for the NO, 
were more distinguishable than 
from the SO,. The test gas data 
were collected and sent to Lock- 
heed Martin Research and Devel- 
opment Division. Don Specht who 
developed probabilistic neural net- 
work algorithms wrote neural net- 
works for the SO, and NO, test 
gases. The ultimate goal is to 
reduce the neural networks to 
computer chips that can be 
installed on the portable computer 
for near real-time analysis of sen- 
sor test data in field demonstrations. 
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Write Proposal for FY-96 Funding 
Several proposals were written 

for funding with the Arms Control 
program. One proposal, written 
for the Advanced Concepts pro- 
gram, would increase sensor selec- 
tivity for compound that would 
detect nuclear proliferation activi- 
ties. Another proposal would com- 
bine the neural network and the 
electrocatalytic vapor sensor pro- 
ject to build an entire sensor sys- 
tem to be used in the field for 
chemical weapons production or to 
detect nuclear proliferation activi- 
ties. Currently, the Arms Control 
Office has has not awarded their 
proposals. Other funding areas 
and applications will be explored, 
such as environmental restoration 
and management. 

New or Increased Technical Capability 
The electrocatalytic vapor sen- 

sor has combined the talent within 
Lockheed Idaho and within the 
Lockheed Martin Corporation. The 
project uses Lockheed Idaho’s 
expertise in polymers and mem- 
branes to increase sensor selectivity. 
This line of research will be 
expanded to test more polymers 
for increased selectivity to more 
gases. The sensor will also contin- 
ue to support the neural network 
project, which brings the expertise 
of Lockheed Martin to the INEL. 

Business Development Opportunities 

submitted to NN-20 for control of 
nuclear weapons. The electrocat- 
alytic vanor sensor is ideal for testing 
of remote sites for treaty verification. 
ANL has been in contact with sev- 
eral commercial companies. One 
company is Terminex, which is 
interested in using the sensor for 
monitoring areas of pest infiltration. 
Currently, it is difficult to determine 
the exact location of pests but pests 
do release an off-gas that can be 
monitored to determine areas of 
infiltration. 

Several proposals have been 

Characterization of 
Fuel Processing Waste Form 
Chemistry by High-Temperature 

Mass Spectrometry 
LDRD W043 

D. A. Knecht, G. F. Kessinger 

A 10-yr-old high-temperature 
mass spectrometer, Nuclide Corpora- 
tion Model 12-HT-90 which consists of 
a high-temperature Knudsen cell and 
a mass spectrometer, was procured 
from Westinghouse Corporate 
Research Center (available for the 
cost of shipping, set-up, and remain- 
ing instrument depreciation) and refur- 
bished. The system will be used to 
develop new INEL capabilities for 
research and development of materi- 
als at up to 2000°C high tempera- 
tures, including capability for real-time 
off gas measurement, using the high- 
temperature Knudsen cell as a mini 
reactor to produce small quantities of 
candidate test materials. Installation 
and testing was completed, and oper- 
ation of a high temperature m a s  
spectrometer system was demonstrated. 
Specific tests were run on determining 
the off-gas composition of simulated 
residue of ICPP sodium-bearing 
waste, calcine, and recycled metals. 

Objectives 
Complete installation and testing. 

Test fuel processing and waste 
form materials. 

Thermodynamic characterization. 

Conduct experimental studies 

Accomplishments 

vendor, the instrument was 
upgraded with expanded comput- 
er control of the magnet regulator. 
Delays were experienced in obtain- 
ing permanent power, power inter- 
ruption of utilities, and intermit- 
tent water leaks into the laboratory 
due to steam system leaks. F d -  
size chiller installation was com- 

Using personnel from a private 

pleted only at the end of the fiscal 
year, resulting in limited cooling 
capacity and a lower achievable 
temperature of 1500°C for the 
instrument. However, in spite of 
the above problems, testing and 
alignment of the mass spectrome- 
ter were completed with well char- 
acterized silver heated to 1400°C in 
the Knudsen cell. 

The chemical, sodium nitrate, 
was tested to determine the tem- 
perature range of denitration and 
elemental sodium and sodium 
oxide vaporization. Denitration 
occurred in the temperature range 
of 300 to 6OO0C, while sodium 
volatilization occurred above 900°C. 

A reference on thermodynamic 
characterization of the appropriate 
alkali nitrates was used to deter- 
mine the chemical reactions which 
are applicable to waste form chem- 
istry expected from the sodium- 
bearing wastes. Earlier studies of 
ICPP calcine denitration were also 
evaluated for applicable data to 
these experimental studies. 

Experimental studies were run 
as check-out tests of the mass spec- 
trometer system up to approxi- 
mately 1500°C. Some additional 
adjustment of the water cooling 
sequence and completion of the 
higher capacity cooler installation 
were completed to achieve higher 
temperature operation. Test sam- 
ples were run of simulated ICPP 
sodium-bearing waste and HLW 
Fluorinel-sodium calcine, simulat- 
ed aluminum spent fuel cladding 
which had been hydrated, and sim- 
ulated contaminated recycled 
metal. In the simulated sodium- 
bearing waste and simulated Fluo- 
rinel-sodium calcine, the nitrates 
were decomposed in the tempera- 
ture range of approximately 300- 
8OO0C, possibly because of the 
small 0.5-g sample and high vacu- 
um conditions not experienced in 
other laboratory and plant systems. 
At larger-scale conditions, the 
nitrates are decomposed at 600°C. 
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Elemental sodium and potassium 
and their oxides were observed 
after most of the nitrates were 
decomposed at 900 to 1200°C. 
Some cesium was observed at 
approximately 900°C. With the 
simulated Fluorinel-sodium calcine, 
there was no oxygen observed as a 
nitrate decomposition product at 
the lower temperature range com- 
pared with the simulated sodium 
waste where it was observed. At 
1150°C the NaO dimer was 
observed. Analysis of the solid 
residues from the simulated fluo- 
rinel-sodium calcine were completed 
using x-Ray Diffraction and SEM 
with x-Ray Fluorescence. The 
residue in the crucible was ana- 
lyzed to contain a calcium molyb- 
denum oxide, calcium-stabilized 
zirconia, and a calcium-aluminum- 
chromium-oxide phase. Crystals 
of a perovskite phase were found 
condensed on the lid of the Knud- 
sen crucible. 

New or Increased Technical Capabilities 
Prior to completion of this pro- 

ject, there was no capability at the 
INEL for measuring the high- 
temperature vapor species from 
various materials. This LDRD pro- 
ject has demonstrated successful 
operation of such a system and 
potential application to HLW pro- 
cessing, spent fuel dry storage, and 
contaminated metal recycle. The 
high-temperature mass spectrome- 
ter capability will be included as 
one of the INEL user facilities for 
outside use. 

Business Development Opportunities 
No contacts with outside busi- 

nesses or CRADAs have been 
explored for this project to date. 
The possibility may exist if deter- 
mined from use by outside entities 
or in conjunction with other appli- 
cations of materials development 
and testing. 

Telepresence for Mobile 
Robotics in Nuclear 

Environments 
LDRD W089 

M. D. McKay 

A growing concern with the rapid 
advances in technology is that the 
robotic systems will become so com- 
plex that operators will be over- 
whelmed by the complexity and num- 
ber of controls. Thus, there is a need 
within the remote and teleoperated 
robotic field for better man-machine 
interfaces. Telepresence attempts to 
bring real world senses to the opera- 
tor, especially where the scale and 
orientation of the robot is so different 
from the scale of a human operator. 
This research identified and evaluated 
current developments in telepresence 
best suited for nuclear applications 
through a survey of national laborato- 
ries, universities, and evaluation of 
commercial products available in 
industry. The resulting telepresence 
system, VirtualwindoWTM, attempts to 
minimize the complexity of robot con- 
trols and to give the operator the feel 
of the environment without actually 
contacting items in the environment. 
Although it is of the opinion of the 
authors of this research that the Virtu- 
alwindo W greatly reduces or perhaps 
eliminates the effects of vertigo and 
VOR corruption, Virtualwindo W needs 
further study to determine the effects 
of prolonged usage of this technology 
in the work place. The authors of this 
report recommend that a prolonged 
usage study be conducted on the Vir- 
tualwindo W to determine and bench- 
mark the length of time users can be 
safely exposed to the technology. In 
addition, it is proposed that a stand 
alone system be developed which 
combines the existing multi-computer 
platform into a single telepresence 
platform. The stand alone system 
would provide a standard camera 
interface and allow the VirtualwindoW 
to be ported to other telerobotic 
systems. 
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Objectives 
The objective of this research 

and development project was to 
develop and integrate a tele-robotic 
system based on a mobile platform 
for the purpose of improving and 
studying telepresence for the use in 
nuclear environments. 

Produce an advanced teleoper- 
ated robot system for use in 
determining the benefits and 
uses in nuclear environments. 

Produce a transparent or 
immersive operator interface. 

Accomplishments 
Background and Introduction. 
Robotics technology has 

played a key role in clean up and 
remote operations. While robotic 
systems are advancing, the human 
interface has not. The control sta- 
tion often includes controls for 
operating the robot manipulator, 
cameras, lights, gripper, deploy- 
ment system (if applicable), and 
more. A growing concern with the 
rapid advances in technology is 
that the robotic systems will 
become so complex that operators 
will be overwhelmed by the com- 
plexity of controls. The solution to 
this problem is to make all controls 
as intuitive as possible. Telepres- 
ence attempts to bring real world 
senses to the operator, especially 
where the scale and orientation of 
the robot is so different from the 
scale of a human operator. The 
immersive experience that comes 
from telepresence, the feeling that 
you are actually in the environ- 
ment performing the tasks your- 
self, is the most logical approach to 
making the controls as intuitive as 
possible. The robot does as you 
do, moves as you move, you see as 
it sees, hear as it hears. 

State-of-the-art Technology Survey. 
This research identified and 

evaluated current developments in 
telepresence best suited for nuclear 
applications through a survey of 
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current technology and programs 
developed and researched at 
national laboratories, universities, 
and evaluation of commercial 
products available in industry. 

Resulting Design and System 
Capabilities. 

The Remotech multi-switch 
control box was replaced by a sin- 
gle joy stick for controlling the 
vehicle tracks and a Cyberman 6-D 
mouse for controlling the MK2 
arm. The mono camera view and 
controls were replaced by the Vir- 
tualwindow. The impression the 
user gets using the Virtualwindow 
is that they are viewing the area 
through a real window rather than 
looking at a monitor or TV. The 
VirtualwindoW also incorporates a 
voice activated video switcher for 
commanding the system to change 
views from the overview cameras 
to the arm cameras. In addition to 
replacing the Remotech arm with 
the MK2 arm, several system addi- 
tions were added to the vehicle in 
order to implement the Virtualwin- 
doW. Two pairs of high resolution 
video cameras were mounted on 
the vehicle-one pair on the arm 
and the second pair mounted on a 
stem just behind the arm. The pan 
and tilt unit (PTU) is a high-speed 
unit which enables the Virtualwin- 
doW to pan at a speed comfortable 
for the viewer. Two directional 
microphones are mounted on the 
overview cameras to provide the 
stereo audio. Haptic feedback is 
accomplished by using numerous 
pressure sensitive pads placed in 
strategic locations on the MK2 
gripper. These sensors cause the 
haptic system to send an audible 
variable frequency to the user. 

System Evaluation and Testing. 
The industry system requires 

the operator to manipulate several 
toggle switches to control the arm, 
cameras, lights, gripper and tracks. 
Video is provided through a single 
mono monitor. In order to manip- 

ulate multiple functions at the 
same time the operator must be 
able to toggle more than one 
switch at a time. This can become 
difficult to do depending on the 
operation the user wishes to per- 
form. The lack of depth perception 
necessitates the operator to feel 
their way around the environment 
which is unacceptable in nuclear 
environments. The telepresence 
system attempts to minimize the 
complexity of robot controls and to 
give the operator thefeel of the 
environment without actually con- 
tacting items in the environment. 
The interface is designed so that 
the operator can sit in a chair much 
like sitting at a computer worksta- 
tion. The operator then dons a pair 
of special head tracking stereo 
glasses. The angle by which the 
operator is looking through the 
window is read by a computer s 
ystem and processed to determine 
the necessary commands required 
by the PTU to position the stereo 
cameras. All of the camera manip- 
ulation is done by the computer 
system, the operator only needs 
look at the desired object. The 
voice response system recognizes 
the users commands and issues the 
response to the video switcher. 
The robot tracks are controlled by 
manipulating a single joy stick 
with the left (or right) hand while 
the M K 2  is controlled by the other 
hand. Functions like opening and 
closing the gripper, or stowing the 
arm have been incorporated into 
the mouse buttons. 

Conclusions and Recommendations. 
Although it is of the opinion of 

the authors of this research that the 
Virtualwindow greatly reduces or 
perhaps eliminates the effects of 
vertigo and VOR corruption, the 
Virtualwindow needs further 
study to determine the effects of 
prolonged usage of this technology 
in the work place. The authors of 
this report recommend that a pro- 

longed usage study be conducted 
on the Virtualwindow to deter- 
mine and benchmark the length of 
time users can be safely exposed to 
the technology. This will require 
human testing approval from 
DOD-HQ. In addition, it is pro- 
posed that a stand alone system be 
developed which combines the 
existing multi-computer platform 
into a single telepresence platform. 
The stand alone system would pro- 
vide a standard camera interface 
and allow the Virtualwindow to be 
ported to other telerobotic systems. 
To accomplish these recommenda- 
tions further funding is requested. 

New or Increased TechnicaE Capabilities 

this technology in two areas. First, 
the INEL has gained a new tech- 
nology which can be applied to 
varying remote operations, not 
only in nuclear environments, but 
to all applications that require 
remote operations. Second, this 
research has positioned the INEL 
into the forefront of human inter- 
faces such as telepresence or virtual 
reality. 

Business Development Opportunities 

The INEL has benefitted from 

Sufficient interest has been 
shown by universities, industry, 
and government to warrant contin- 
uing this research. Colorado 
School of Mines has been awarded 
research funding by Lockheed 
Idaho to develop range finding 
algorithms using the Virtualwindow 
telepresence system to provide 
camera and vehicle position feed- 
back. Also Dimension Technologies 
Inc. has written a Morgantown 
Energy Technology Center propos- 
al which uses the telepresence 
interface to improve their 3-D 
interface. Finally various govern- 
ment laboratories have expressed 
interest in using the telepresence 
platform. 
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Sodium-Bearing Waste 
Treatment Technology for 

Separating the Nitrate Anion 
and Alkali Salts Using 

Ion-Exchange 
LDRD W097 

D. W. Marshall 

Some of the acidic aqueous 
wastes at the Idaho Chemical Pro- 
cessing Plant (ICPP) are not immedi- 
ately compatible with the fluidized-bed 
waste calcination process, because of 
the high alkali-metal salt content. Pre- 
treatment of the waste to deacidify 
and remove alkali metals would 
increase the waste treatment options. 
We undertook a study to investigate 
the use of ion-exchange resins for 
deacidifying the waste and for selec- 
tively removing the alkali metals. 
Although the study did achieve the 
objectives, use of ion-exchange resins 
with simulated waste confirmed that it 
is not practical to remove the major 
constituents from a solution using ion 
exchange. 

Objectives 
Approximately 1.5 million gal- 

lons of radioactive, sodium-bearing 
acidic wastes at the Idaho Chemi- 
cal Processing Plant (ICPP) were 
generated as an indirect result of 
nuclear fuels reprocessing, such as 
decontamination of process cells 
and equipment. This waste is not 
immediately compatible with the 
fluidized-bed waste calcination 
process, because of the high alkali- 
metal salt content. These wastes 
can only be calcined when diluted 
with other waste streams or cold 
chemicals, or when treated to sepa- 
rate the alkali metals. The high 
acidity limits the applicability of 
many candidate treatment tech- 
nologies in lieu of or in addition to 
calcination. In an  effort to mini- 
mize the mass and volume of 
solidified high-activity waste that 
will result from the stabilization of 

the ICPP sodium-bearing waste, Accomplishments 
we pursued the following objec- The twelve anion and eight 
tives: cation exchangers were quickly 

Evaluate various anionic evaluated based on their handling 
characteristics, product descrip- 
tions, and the distribution coeffi- 
cient (kd) values measured using 
simulated ICPP sodium-bearing 
waste. Several of the anion 
exchangers were difficult to handle 
because the resins became sticky, 
making it difficult to recover the 
exchanger for regeneration after a 
batch contact with the waste simu- 
lant. We tested the stability of the 
resins by cycling small quantities 

Acid 1.8 M Na ,25 M of each resin through ten adsorp- 
A1+3 0.548 M CI- 0.022 M tion/regeneration cycles. The 
B+5 0.016 M F- 0.071 M anion and cation exchangers that 

Fe+2 0.025 M SO4-2 0.038 M 
K+ o.144 M N03- 4.49 M and performance are Dowex SAR 

(kd= 3.9 x 104 ml/g) and Amber- 
lite IRC 76 (kd= 0.67 ml/g), respec- Evaluate various cationic 
tively. These were selected for 
more detailed evaluation because 
of the good distribution coefficients 
and handling characteristics and 
because of the availability of inde- 
pendent data. 

During initial batch deacidifi- 
cation tests, iron precipitates from 
the treated simulant began forming 
above pH = 3.4, regardless of the 
resin being tested. We conducted 
subsequent testing for alkali metal 
removal using deacidified simu- 
lant, with a pH = 3.4, to avoid 

exchange resins for deaciddy- 
ing simulated ICPP sodium- 
bearing waste (see major con- 
stituents in Table 1) up to pH 
= 4.0; quantdy precipitate 
formation and regeneration 
capability, including regaer- 
ant volumes, regeneration effi- 
ciency, and resin poisoning. 

Table. 1. 
Major waste simulant constituents 

p04-3 O.O1 have good handling characteristics 

exchange resins for removing 
alkali metals (Na & K) from 
simulated ICPP sodium-bearing 
wastes, with or without prior 
deacidification; q u a n w  the 
resin capacities and regenera- 
tion capability, including 
regenerant volumes, regenera- 
tion efficiency, and resin poi- 
soning. 

The ion-exchange resins that 
we evaluated in the course of the 
study are given in Table 2. 

potential problems of column plug- 
ging during regeneration. Table 2 

Evaluated ion exchangers We conducted sodium break- 
Anion Exchangers Cation Exchangers through tests on the Amberlite IRc I 

76 res& using untreated and also 
deacidified simulants. Simulants 
were injected into the column in 

Amberlite IRA 35 
Amberlite IRA 93 
Amberlite IRA 400 Amberlite 200 

Arnberlite IR 122 
Arnberlite IRC 76 

1-ml increments until 35 ml(-2.3 bed 
volumes) had been added, fol- 
lowed by water to rinse the 
unsorbed cations from the bed. 
The breakthrough curves for the 

Amberlite IRA 910 
Diaion PA 416 
Diaion SA 10a 
Dowex SAR Duolite C280 
Dowex SBR Duolite C433 
Dowex 1x4 50 
Dowex 1x8 50 
Duolite A368 
Duolite A7 

Diaion HPK 25 
Dowex 50x2 100 
Dowex 50x8 100 

.., 
resin with the two simulants are 
virtually coincident, indicating that 
the sodium sorption is indepen- 
dent of acid concentration over the 
range tested. 
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Although this study demon- 
strated deacidification of sodium- 
bearing waste simulant and 
removal of alkali metals using ion- 
exchange, the high salt content 
reduces the efficiency of the resins 
for removing the target species. 
Ion-exchange capacities for the 
resins, when tested with the simu- 
lated ICPP sodium-bearing waste, 
were significantly lower than 
reported by the manufacturers. 
Furthermore, the high concentra- 
tions of target ions in the waste 
solution would require exception- 
ally large ion-exchange beds to 
achieve adequate treatment rates, 
and the solutions used to regener- 
ate the resin beds would constitute 
a sigruficant secondary waste. 

The Effect of Thermal 
Treatment of INEL Soil Prior 

to Cementitious Solidification 
LDRD W104 

D. D. Siemer 

The purpose of the original pro- 
ject was to examine the possibility that 
cement kilns might be useful for pro- 
cessing waste & contaminated soil at 
the INEL's burial ground. When all of 
the original funding not already sub- 
contracted out was withdrawn, the 
scope of the project was reduced to 
seeing whether or not thermal treat- 
ment of INEL soil would improve its 
performance as a soilcrete barrier- 
forming material. The Principal Inves- 
tigator (PI) decided to look into what 
one might hope to accomplish with 
pugmill-mixing, followed by vibratory 
compaction - not what might be 
achieved if pourable grouts were 
made with cement mixers (the latter 
approach would cost more to imple- 
ment and would probably produce 
poorer-quality soilcretes because a 
higher water-to-cement ratio would be 
required). The laboratory work was 
done during a two-week visit by the PI 
to the laboratory of subcontracfor Pro- 
fessor Barry Scheetz at Pennsylvania 

State University's Material Research 
Laboratory. The most important con- 
clusion drawn from this work was that 
raw INEL soil is already so pozzolanic 
that heat treatment is probably not 
worth doing if the object is simply to 
build soilcrete barriers. 

Accomplishments 
Approximately tlurty different 

soilcrete formulations were pre- 
pared with various mixtures of 
INEL soil (both raw and calcined), 
chemical binding agents (e.g., lime, 
portland cement, sodium silicate), 
and water, pressed into pellets, 
cured, and then examined. The 
calcination temperatures investi- 
gated were 700 and 1000°C. hpl i -  
cate samples were made of most of 
these mixes and strength testing 
was done on both wet and dry 
specimens. Four things became 
apparent. First, and most impor- 
tant, untreated INEL soil is quite 
pozzolanic (meaning that it reacts 
with lime to form a hydraulic 
cement; i.e., one that will set under 
water). This is good news because 
Roman concretes are generally rec- 
ognized to be one of Mankind's 
most durable materials, and they, 
also, were made by mixing lime 
with natural pozzolans. Second, it 
appears that not much additional 
strength is gained by using more 
than about 10% binder. In fact, as 
little as 3.5% lime would convert 
raw INEL soil into a fairly strong 
(>lo00 psi) soilcrete. Third, it 
appears that soilcrete specimens 
made with the calcined soil speci- 
mens lost a lower percentage of 
their dry strengths after soaking in 
water than did samples made from 
raw soil (by this measure, calcined 
soil is more pozzolanic than raw 
soil). However, their absolute 
wet-strengths were often less. This 
is because the calcined soils were 
considerably less compressible 
than the raw material, which 
means that soilcretes made from 
calcined soil (unground) are less 
dense/more porous. Fourth, soil- 

81 

Crete specimens made with soil 
that had been mixed with calcium 
carbonate before calcination were 
considerably weaker than were 
those to which an equivalent 
amount of lime binder had been 
added afterwards. (However, the 
700°C calcination temperature used 
for that particular experiment may 
not have been high enough to con- 
vert all of the limestone to lime. 
The experiment needs to be repeated 
with a soil-limestone mix calcined 
at -9OO"C, instead.) 

While impressive compressive 
strength can be obtained with 
small amounts of cheap binding 
materials, those products do not 
have acceptable permeabilities. 
The better specimens evinced 
water permeabilities on the order 
of 200 ydarcies-two or three 
orders of magnitude worse than 
those of the repository-sealing con- 
cretes developed at PSU a decade 
or so ago. This suggests that fur- 
ther work needs to be done. First, 
it would be a good idea to see if 
better permeabilities could be 
achieved if the soils were ground 
prior to being converted to soil- 
Crete. One of the reasons that BFS- 
type concretes are less permeable 
than OPC-based concretes is that 
the BFS binder is usually more 
finely-ground. Second, we could 
m o w  the chemistry. The other 
reason that BFS makes better rad- 
waste-type concrete is that the 
ratios of the reactive cementitious 
agents in BFS are such that no 
freely soluble solid phases (such as 
portlandite) are left after a speci- 
men has fully cured. Third, it's 
very likely that simply using a lot 
more binder (i.e., 30% instead of 
-5%) will improve matters. 

A more detailed report is avail- 
able upon request. 

New or Increased Technical Capabilities/ 
Business Development Opportunities 

Since the amount of binder 
required to create a three-foot-thick 
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that would be compatible with 
the requirements for hot cell 
and autonomous control 
applications. 

Work with industry to develop 
a disposable liner that could be 
used for sample preparations 
and minimize the amount of 
cleaning necessary to prevent 
sample cross-contamination. 

Build a prototype filtering unit 
that could be evaluated and 
compared to existing filtering 
technics used in the laboratory 
(see the figure to the right). 

Arrange to have INEL ICPP 
Analytical Chemistry depart- 
ment personnel evaluate the 
device and provide input and 
suggestions for improvement. 

Accomplishments 

based American Durafilm Company, 
disposable Teflon liners were 
developed for the sample canister. 
A few prototype liners were tested 
and evaluated with good results. 
A problem with the Dupont film 
used in the manufacture of the lin- 
ers prevented American Durafilm 
from filling an order for twenty- 
five liners by the end of the fiscal 
year. There was a two month 
delay involved in determining the 
cause of the problem which has 
impacted the functional laboratory 
testing of the system by Analytical 
Chemistry personnel. More 
research into methods of manufac- 
turing the canister liner needs yet 
to be done to assure reliability. 

A modular borosilicate filter 
design was created which allows 
easy replacement in a remote hot 
cell environment. Further develop- 
ment is planned in conjunction 
with a filter manufacturing compa- 
ny to build this modular filter as a 
disposable unit. It is presently 
built of stainless steel. The sample 
canister is designed to allow the lid 
to be removed via three clamps 
which can be latched/unlatched 

Working with Massachusetts- 

soilcrete layer over RWMC is 
approximately 100,000 tons, it is 
reasonable to see if  cheap, high- 
volume, materials such as the slag 
produced at FMC's Pocatello phos- 
phate plant could be used for this 
purpose. Since that slag is already 
slightly radioactive, one may 
assume that the residents of the 
Pocatello area (and their represen- 
tatives) might welcome an offer 
from DOE to put that material to 
beneficial use at INEL. Also, since 
the chemical composition of hot- 
process phosphate slag is between 
that of blast furnace slag and port- 
land cement clinker (it's closer to 
BFS), it is at least potentially 
cementitious. (The likely reason 
that it is not cementitious in its 
present form is that it was allowed 
to crystallize when it cooled. The 
PI obtained a sample of blue rock 
after returning from PSU, ground 
it to a fine powder, and then tried 
to make concrete of it; it would not 
set up, even when a sodium 
hydroxide activator solution was 
substituted for plain mix-water.) 
The slags from which commercial 
BFS cements are made have been 
quench-cooled (granulated) so that 
a good deal of the reactive 
metastable glass phase survives. 
To use FMC's slag for soilcreting, 
we would have to persuade FMC 
to install a suitable quench system 
and arrange for the granulated slag 
to be ground to a fine powder (per- 
haps at ASHGROVE'S cement 
plant at Inkom). In any case, we 
would first have to establish 
whether or not this slag can be ren- 
dered cementitious. 

Wet-process (phosphogypsum) 
slags such as those produced by 
SIMPLOT'S Pocatello plant have 
been demonstrated to have cemen- 
tious properties. Other possibili- 
ties include ASHGROVE cement 
plants's kiln dust and the Jim 
Bridger power plant's flyash. 

Automatic Pressurized 
Filtering of Environmental 

Samples for Remote 
Applications 

LDRD 109 

R. M. Shurtliff 

Several EPA-directed sample 
preparation methods speciv that as 
part of the sample preparation proce- 
dure, liquids be separated from the 
solids portion of the sample. Specific 
instructions detail a pressurized filtering 
method to accomplish this. Industry 
has made available the apparatus to 
manually perform this laborious func- 
tion in the laboratory. However, the 
apparatus is impractical to use in a 
remote environment such as a 
radioactive hot cell or glove box. 

In consultation with INEL and 
Lockheed Corporate Analytical Chem- 
istry personnel a pressurized filter unit 
for remote application was designed 
and constructed. Disposable Teflon0 
liners were developed in conjunction 
with an outside vendor to eliminate 
cross-contamination/cleanup prob- 
lems. A modular filter concept was 
also developed which simplifies the 
removal and installation of the filter 
remotely. An apparatus to hold the 
filter unit and rotate it was designed 
and constructed. Preliminary testing 
or the unit has been accomplished. 

With the growing demands placed 
on laboratories internationally for envi- 
ronmental sample processing, this 
automatic pressurized filtering system 
will be of tremendous benefit to INEL 
and other facilities in terms of cost 
and time involved to process each 
sample. This technology, when thor- 
oughly tested, will be transferred to 
private industry for commercialization. 

Objectives 
Research several different 
types of materials for possible 
use as liners within the pres- 
surized filter canister. 
Design an apparatus that could 
be operated remotely or with 
the aid of a robotic arm and 
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Pressurized Filter System 

with remote master/slave manipu- 
lators. With the lid removed, the 
filter can be removed from or 
installed in the canister. 

A prototype unit was 
machined from aluminum and 
Lexan making it possible to visually 
demonstrate the process of pres- 
surized filtering. The filter unit is 
mounted on a unique rotator base 
which allows the sample to be fil- 
tered and rotated without moving 
the sample canister from one sta- 
tion to another. 

New or Increased Technical Capabilities 

ing edge technology of thermo- 
forming Teflon film has been 
obtained. In the future a prototype 
of the pressurized filter will be 
installed in the Remote Analytical 
Laboratory (RAL) hot cell at the 

An understanding of the lead- 

ICPP for evaluation and testing. 
This will provide Lockheed-Martin 
with the first automated pressur- 
ized filtering system in the indus- 
try. It is far more advanced than 
the commercially available labora- 
tory filtering systems which are 
manually operated and impossible 
to use in remote and automatic 
applications. M-96 will be devoted 
to automating the pressurized filter 
system, building a prototype that 
can be used in the RAL, and pur- 
suing commercialization of the 
system. 

Business Development Opportunities 

American Durafilm Company 
has helped in the development of 
the disposable Teflon liners, and 
should the automatic pressurized 
filter system be commercialized in 
the future, the market for these lin- 

ers could be signhcant. Following 
further development a disposable 
filter module could be manufac- 
tured with good market potential. 
The commercial market for an 
automatic pressurized filter system 
is sigruficant. At least six vendors 
are marketing a manual laboratory 
version of a pressurized filter system. 

Position Tracking for 
Remote Subsurface 

Characterization Systems 
LDRD W1 11 

W. T. Zollinger 

The objective of this FY-95 LDRD 
project was to perform preliminary 
work for the development of a remote 
real-time position sensor to continu- 
ously track the three-dimensional 
position of a subsurface characteriza- 
tion system as it moves underground. 
When developed, the positioning sys- 
tem will be located above ground and 
will passively listen for intentional 
emission of either acoustic or low fre- 
quency electromagnetic energy sig- 
nals. Characteristics of different types 
of signal propagation through soil as 
well as different signal processing 
techniques was studied. This effort 
was in concert with an effort to devel- 
op a maneuverable remote subsur- 
face characterization system (RSCS). 
Development of a maneuverable 
RSCS is directed at the development 
of equipment to remotely characterize 
the waste without the risk of compro- 
mising containers, and without expos- 
ing personnel to unacceptable safety 
risks. The position sensor will be 
used not only for controlling the RSCS 
from above ground but for fusing posi- 
tion data with sensor data collected by 
the RSCS from underground. The 
technology may also be extended to 
INEL based needs in mapping activi- 
ties on both a large and a small scale 
in hazardous and non-hazardous 
tasks. Potential customers include 
PNL, Savannah River, Rocky Flats, 
robotics, aerospace, and mining 
industries. 
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Objectives 

demonstrate in the laboratory or 
on a scaled down model a remote 
real-time fault-tolerant position 
sensing technique for regional 
monitoring of the three dimensional 
position of a highly maneuverable 
RSCS. Preliminary studies on the 
most optimum source and type of 
energy for propagating through 
lossy soils needed to be performed. 
Acoustic and electromagnetic energy 
was to be considered. It was also 
an objective to study methods of 
transducing this energy from the 
RSCS and into the receiving sen- 
sors located above ground. An 
investigation was to be made into 
the selection of the appropriate 
signal, e.g., pulsed, continuous 
wave, or amplitude/frequency 
modulated. In developing the 
signal processing scheme, a 
position sensing algorithm devel- 
oped at the INEL would be incor- 
porated. The major milestones of 
this project were 

The goals of this effort were to 

e 

e 

Complete the identification of 
techniques most probable for 
success of excitation, penetra- 
tion and propagation through 
soils. 

Complete studies of energy 
loss and penetration through 
soil. 

Conceptual Design. 

Construct bench-top experi- 
mental system for emitter and 
sensor array. 

Test and evaluate system 
performance. 

Accomplishments 

Since the project commenced 
during the winter time and some 
preliminary conclusions needed to 
be made about attenuation in soil, 
a container was built in the labora- 

tory to hold some soil. The dimen- New or Increased Technical Capabilities 
sions of the container were 4-feet 
square by 2.5-feet deep. The con- 
tainer was filled with clay soil 
which was representative of that 
found at the RWMC site. Anten- 
nas were placed in the soil so as to 
measure the propagation loss over 
several feet of soil. Because of the 
small limited size of the container 
and other reasons, inconclusive 
data were taken at this time. Later 
as the weather warmed up outside, 
additional data were taken with 
the antennas placed into a vertical 
position into the ground. The 
ground where the data were taken 
was made up of highly compacted 
clay with a small amount of soil 
moisture. Only electromagnetic 
energy was considered at this time. 
At 100 MHz, approximately 2-dB/ 
foot to 3-dB/foot loss was 
observed. Therefore, if this is 
extrapolated to the 30-foot distance 
requirement for an RSCS system, 
an approximate 60-dB to 90-dB loss 
in the total signal power may be 
expected. If the source on the 
RSCS system was designed to emit 
a 20 dBm power signal then 4 dBm 
to -70 dBm of power may be 
expected. This power level is well 
above the noise floor of most com- 
mercial radio receivers. Therefore, 
the conclusion is that for a subsur- 
face RF emitting source, the propa- 
gating energy will be adequately 
strong in order to receive and 
detects its position. 

the project included the investiga- 
tion of the type of signal to be 
transmitted. The complexity of the 
transmitter and receiver hardware, 
the resultant inherent errors in 

Another accomplishment of 

The bench top demonstration 
in the laboratory as hoped, was not 
completed due to unexpected diffi- 
culties. But much was learned 
about the conceptual design and 
what will be needed in the future 
in order to accomplish this task. 
We have become much more 
aware of the needed technologies 
be successful. A pseudorandom 
coded signal design needs to incor- 
porated in future work. We have 
become more educated and smart 
in terms of the signal type and 
signal processing element require- 
ments. More antenna work needs 
to be done with implementation 
on an actual RSCS considered. 

New or Increased Technical Capabilities 
Other than talking with ven- 

dors of current remote subsurface 
systems about their needs, addi- 
tional collaboration with outside 
companies have not taken place 
this year. 

Evaluation of 
Delphi Oxidation for 

Activated Carbon 
LDRD W122 

D. Gombert 

This project studied the Delphi 
oxidation process (a wet F&’+/F$+ 
system) for the revitalization of activat- 
ed carbon used for organic compound 
adsorption. The potential benefits lie 
in the area of environmental remedia- 
tion; activated carbon is used exten- 
sively for trapping organic vapors in 

position, the frequency bandwidth 
requirements, and signal process- 
ing c o m p ~ e ~ t y ~ p e r f o r m ~ c e  were 
a few of considerations given. A 
conceptual design was made but 
not without the need for future 
changes especially undesirable. The Delphi 

PUmP and treat remediation SYStemS. 
This activated carbon must then be 
dealt with, two common options are 
incineration and high temperature 
steam treatment. Both of these 
options are expensive, incineration is 

process offers a more cost effective 
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system that allows reuse of the acti- 
vated carbon after treatment. This 
work investigated the Delphi process 
for removal of organic contaminant 
from activated carbon and subsequent 
capacity reductions. 

Objective . Investigate the Delphi oxida- 
tion process for treatment of 
activated carbon used to trap 
organic compounds. 

Accomplishments 

uses a wet, catalyzed F$+/ Fe3+ 
system to effect the oxidation of 
organic compounds. The process is 
carried out in tantulum lined reac- 
tors and has been proven in the 
past to be very effective in the 
destruction of organic compounds, 
both in the liquid and solid forms. 
Items such as waste solvents to 
latex gloves and wood have been 
destroyed with the Delphi process. 
There are a number of process 
variables such as temperature and 
reaction time than can be adjusted 
to control the severity of the reac- 
tor conditions and thus, the extent 
of destruction. The key to this pro- 

The Delphi oxidation process 

ject was to destroy the organic sol- 
vents adsorbed onto the activated 
carbon, but not greatly reduce the 
viability of the carbon for multiple 
uses as an adsorbant. 

Carbon was loaded with 
toluene for the testing and run in 
duplicate under eight different 
process conditions: 

1. 125"C, 1 hour 

2. 150"C, 3 hours 

3. lOO"C, 8 hours 

4. 125"C, 8 hours 

5.  175"C, 1 hour 

6.  15OoC, 8 hours 

7. 15OoC, 1 hour 

8. 175"C, 3 hours. 

After loading and treatment, 
the carbons were reloaded and and 
the capacity again measured. In all 
cases, capacity was >99% of origi- 
nal measured capacity. In the fig- 
ure below, the capacity changes for 
each condition is illustrated. It is 
obvious that the Delphi process is 
successful in treating activated car- 
bon for reuse, without degradation 
in the capacity of the carbon. 

Condition number M96 0046 

New or Increased Technical Capabilities 

lead in the commonly used pump 
and treat technologies. Even 
though more advanced remedia- 
tion methodologies, such as chemi- 
cal and biological remediation are 
becoming more popular, many 
sites still rely on pumping ground- 
water and evaporating the contam- 
inant into activated carbon beds. 
This work has the potential to 
greatly reduce the costs and waste 
from a pump and treat remediation 
activity, as the activated carbon 
may be reused a number of times 
and there is almost no solvent 
waste remaining for disposal. 

Business Development Opportunities 
This work was done in con- 

junction with Delphi Research, Inc. 
of Albuquerque, New Mexico. A 
company which has recently 
expressed interest in this specific 
application of the Delphi process is 
Parsons. Parsons, at the INEL, has 
interest in system with respect to 
their pump and treat remediation 
of chlorinated solvent contaminat- 
ed soils at TAN (Test Area North). 
Parsons is doing further investiga- 
tion into whether this type of sys- 
tem would meet their needs. 

This work gives the INEL a 

Evaluation of EET 
Proprietary Decontamination 

LDRD W123 

D. Gombert 

Decontamination of cesium bear- 
ing soils is an internationally unsolved 
problem. Treatability studies conducted 
at the INEL have used mineral acids, 
salt brines, and sequential extraction 
in unsuccessful attempts to remove 
cesium from the natural soil matrix. 
Proprietary technology developed by 
EET, Inc. which has been used to 
successfully extract uranium and fis- 
sion products from concrete at the 
Oak Ridge Reservation and the INEL, 
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was tested on soil samples from the 
INEL. Personnel from EET did prelim- 
inary chemical tests with INEL soils 
and developed special procedures for 
adapting their technology to soil treat- 
ment. Two soil samples were frac- 
tioned into + 10 and - 10 mesh and 
treated in triplicate per instructions by 
€ET. Data from a three-step extrac- 
tion procedure indicated up to 30% 
decontamination was possible with the 
- 10 mesh material, with dissolution of 
about 18% of the matrix, Results with 
+IO mesh material was less definitive. 

Objectives 
Develop experimental proce- 
dures with EET, Inc. for adapt- 
ing decontamination proce- 
dures for solid surfaces to soil 
particles. 

Conduct experiments at the 
Idaho Chemical Processing 
Plant with cesium contaminated 
soil samples collected from the 
INEL site. 

Review data from initial test- 
ing with EET, to determine if 
follow-on testing is warranted. 

Complete follow-on testing 
and analysis of results. 

Accomplishments 
AU tests were completed, and 

support provided by EET person- 
nel was exemplary. The data 
reported in Table I summarize the 
average results of the experiments. 
The initial test identified as 
Sample 1 was done in triplicate 

using the EET three-step extraction 
procedure. Owing to reagent vis- 
cosity and corrosion problems with 
laboratory filters, a follow-on test 
procedure was then developed 
with EET using only the first step 
extractant, but applying it twice to 
Sample II. 

As can be seen from the data, 
the results with the -10 mesh mate- 
rial indicated 15-34% decontami- 
nation was attainable. Sample 1, 
treated with the three-step extrac- 
tion resulted in up to 34% deconta- 
mination also lost up to one quar- 
ter of the sample mass in dissolu- 
tion. Sample 2 lost less than 1% of 
the sample mass during treatment, 
but decontamination was 
decreased to 1621%. 

The results from the +10 mesh 
samples are much more difficult to 
interpret. Earlier decontamination 
experience with the EET extractants 
at Oak Ridge and the INEL indicat- 
ed that radionuclides could be ini- 
tially brought to the surface 
(increasing the surface contamina- 
tion measurement) requiring addi- 
tional treatment to complete 
removal. This work was on solid 
surfaces such as concrete slabs 
which are surveyed by instruments 
which only detect surface or near- 

solids. However, in this case the 
sample is composed of particles 
much too small to possibly explain 
the apparent shielding. These 
anomalous data are therefore of 
questionable value and should not 
be used as an indication of decont- 
amination effectiveness. The labo- 
ratory is currently dissolving the 
sample residuals for scintillation 
counting to verlfy the after treat- 
ment results. 

Though the +10 mesh data will 
require more analysis pending 
sample dissolution and recounting, 
the results from the -10 mesh samples 
are adequate to discontinue further 
work for this application. Compa- 
rable decontamination results have 
been achieved with mineral acids 
which would be far less expensive 
for soil treatment. 

The conclusions are as follows. 

New or Increased Technical Capabilities 
This work was completed in 

the analytical laboratories at the 
ICPP. No new capability was 
developed. 

Business Development Opportunities 
No opportunities for soil treat- 

ment are envisioned at this time, 
however, the decontamination 

surface contamination. Nuclides 
absorbed into the concrete beyond 
the depth of detection would be 
shielded from the instrument until 
the extractant brought them to the 
surface. This same increase seems 
to be apparent in the +10 mesh soil 

process developed by EET seems 
to be a major advance in technology 
for high-cost problematic situations. 
The support their personnel pro- 
vided was exemplary and they 
should be kept in mind for future 
partnerships in this area of expertise. 
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Strategic Thrust 

e especially need imagination in science. It is not 
all mathematics, nor all logic, but it is somewhat 
beauty and poetry. 

-Maria Mitchell 
American Astronomer, about 1860 
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ATR Radioisotope 
Production and 

Purification Study 
LDRD 11 02 

J. D. Baker, J. E. Brasier, 
J. W. Rogers 

Several radioisotopes were iden- 
tified in the ISIS Operation Systems 
Study (LDRD 7104) as likely candi- 
dates forproduction in ATR. This 
study focused on measuring the ATR 
production cross sections for several 
of the long lived radioisotopes and 
developing the chemical separation 
techniques necessary to purify the 
radioisotope of interest. The isotopes 
we evaluated are 58C0, lo9Cd, 89Sr, 
and ‘mSn. We have determined 
the ATR production cross sections 
and impurities produced for each of 
these radioisotopes. Chemical purifi- 
cation techniques were developed 
and tested where necessary. We 
produced and chemically purified 
- IO Ci of 5 8 ~ 0 .  several sources 
were electroplated, and positron 
emission studies were initiated at the 
University of Michigan. A CRADA is 
under negotiation with Positron 
Resources Inc. for joint development 
of positron sources for ultimate sale. 

0 bjectives 

Fabricate targets of various 
stable isotopes, including neu- 
tron dosimeters for both ther- 
mal and fast neutrons. 

Irradiate the above targets for 
at least one ATR cycle. 

Develop chemical purification 
techniques, where required. 

Transfer the irradiated targets 
to a hot cell for disassembly, 
and gamma-ray count the 
neutron dosimeters and pro- 
duced radioisotopes. 

Chemically pur+ the pro- 
duced radioisotopes, if neces- 
sary because of impurities that 
are also produced. 

Determine the production 
amounts and costs for each 
radioisotope. 

Accomplishments 

first evaluated the production, 
purification, and making of 
positron sources using 5 8 ~ 0 .  The 
second studied the production of 
117mSn and level of impurities pro- 
duced in 117Sn from two different 
sources (US and USSR). Addition- 
ally, we measured the production 
rates for both the lO8Cd(nry)lo9Cd 
and gsSr(n,y)89Sr reactions. 

In collaboration with Positron 
Resources Inc. and the University 
of Michigan, we separated the 
58C0 from all of the Ni dosimeter 
wires from one ATR cycle. These 
wires would normally be discarded 
as radioactive waste. Presently, 16 
wires are used to monitor the fast 
neutron flux in various positions 
of the ATR core. This corresponds 
to -40 g of Ni. In a hot cell, we 
dissolved the Ni, chemically puri- 
fied it, and analyzed for the 
amount of 58Co recovered and its 
purity. We recovered 97% of the 
58Co activity, and it had a radio- 
chemical purity of >99.99%. From 
the 40 g of Ni, -9 Ci of 58Co was 
recovered. The 58Co is a positron 
emitter and is used in positron 
experiments. Therefore, with the 
help of University of Michigan, we 
electroplated several sources of 
58C0, which were then sent to the 
University of Michigan for evalua- 
tion as to the efficiency of 
positrons getting out of the plated 
source. They felt that the sources 
were excellent. Future work is 
necessary in the area of efficient 
electroplating and measuring the 

This LDRD had two foci. The 

activity that resides on the 
positron source. 

The results of the 117sn(n,n’) 
117mSn study are detailed in the 
report INEL-95/0164, Results of 
Neutron Radiation and Gamma-Ray 
Spectromet y Radioactivity Measure- 
ments Associated with the 117Sn 
Sample Irradiation in ATR, by J. W. 
Rogers. Specifically, the produc- 
tion cross sections for epithermal 
and fast neutrons were measured 
to be 132 and 220 mb, respectively. 
The Russian 1I7Sn appears to be a 
little more isotopically and chemi- 
cally pure than the ORNL 117Sn. 

Targets of 88Sr and 108Cd 
were fabricated and irradiated. 
The %r target produced 1600 pCi 
of 89Sr, and the lo8Cd target pro- 
duced 3550 pCi of lo9Cd. We are 
still evaluating the production 
cross sections. 

New or Increased Technical Capability 

the University of Michigan would 
like to see the INEL build both the 
capability to produce positron 
sources for the positron users 
community as well as a facility 
that had higher levels of useable 
positrons, where users could come 
and perform experiments that 
required large numbers of 
positrons. We submitted an 
LDRD to initiate both of these 
capabilities. 

Business Development Opportunities 
We are negotiating a CRADA 

with Positron Resources Inc. 
where the INEL will help develop 
and produce positron sources of 
58Co. Positron Resources will col- 
laborate in the development of the 
sources and will sell them, initially, 
to researchers in the positron com- 
munity. Ultimately, we envision a 
positron users facility at the INEL. 

Both Positron Resources and 
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Neutron Delivery System 
for Fast-Neutron 

Radiotherapy 
LDRD 1171 

D. W. Nigg 

This project is directed toward the 
definition and development of specifi- 
cations and initial conceptual design 
parameters for an advanced particle- 
accelerator-based neutron delivery 
system suitable for routine clinical 
deployment for the application of fast- 
neutron radiotherapy for cancer with 
neutron capture augmentation. The 
workscope is in support of INEL com- 
mitments to a Cooperative Research 
and Development Agreement 
(CRADA) established in May 1995 
between lonix Corporation, INEL, and 
Washington State University (WSU}. 

Objectives 
Currently operating neutron 

delivery systems for fast neutron 
therapy of cancer (there are three 
in the United States) are relatively 
large and/or expensive, and are 
located at major laboratories and 
teaching hospitals. To varying 
degrees, these systems are less than 
optimal as prototypes for wide- 
spread routine clinical deployment. 
Fast neutron therapy appears to be 
emerging as a favored modality for 
several malignant diseases. The 
market demand likely to develop 
for neutron therapy will consider- 
ably exceed the capacity of the 
current therapy centers. Thus a 
sigruficant need for simple, reliable, 
relatively inexpensive, technician- 
operable neutron delivery systems 
may very well materialize over the 
next few years. It is anticipated 
that the various activities being 
conducted under the current 
Ionix/Lockheed Idaho/ WSU 
CRADA will lead to clinical appli- 
cation of fast neutron therapy with 
neutron capture therapy (NCT) 
augmentation under certain 

circumstances. None of the avail- 
able fast neutron sources feature 
the ability to routinely produce the 
tunable fast neutron spectrum 
needed to take maximum advan- 
tage of NCT augmentation. 

This project involves the speci- 
fication and development of one or 
more preconceptual designs for 
advanced dual-purpose accelera- 
tor-based neutron delivery systems 
for fast neutron and NCT-enhanced 
fast neutron radiotherapy suitable 
for cost-effective clinical deploy- 
ment. In FY-95 a modest effort 
was undertaken to establish the 
basic clinical and biophysical 
requirements that would define 
such a system and to identify one 
or more promising pre-conceptual 
facility designs. The specific objec- 
tives of the project for FY-95 were 
(a) to develop an initial top-level 
system specification using modem 
system engineering techniques, 
and @) to begin to idenbfy precon- 
ceptual system configurations. 
This is a prelude to a more com- 
prehensive and detailed effort in 
FY-96, which will result in the 
completion of a system specifica- 
tion and preconceptual design to a 
level of detail that will allow solici- 
tation of an industrial partner for 
actual prototype design and con- 
struction. In the years following 
FY-96 the effort has the potential to 
mature (under non-LDRD funding) 
into the construction of a prototype 
accelerator-based neutron delivery 
system for cancer radiotherapy, 
with licensing of the design and 
key component intellectual proper- 
ty to industry for commercial 
deployment. 

Accomplishments 
INEL recently established a 

Cooperative Research and Devel- 
opment Agreement (CRADA) with 
the Ionix Corporation (a biotech 
firm in Edmonds, Washington) and 
with Washington State University 
(WSU) to perform research and 

technology development directed 
toward the clinical implementation 
of certain advanced, very promis- 
ing, forms of neutron radiotherapy 
and Boron Neutron Capture Therapy 
(BNCT) for cancer. One aspect of 
this CRADA (and its anticipated 
future extensions) involves the 
specification, design, development, 
and ultimate construction of 
advanced dual-purpose accelerator- 
based neutron delivery systems for 
fast neutron and BNCT-enhanced 
fast neutron radiotherapy that are 
suitable for cost-effective clinical 
deployment. 

This LDRD project was initiated 
in May 1995 to support our BNCT 
CRADA commitments. During the 
balance of FY-95 the workscope 
has involved a modest effort to 
establish the basic clinical, bio- 
physical, and engineering require- 
ments that would define such a 
system and to begin the process of 
identirylng promising pre-concep- 
tual facility configurations. A draft 
top-level system specification will 
be published at the end of FY-95. 
Dr. George Laramore, director of 
the Neutron Therapy Program at 
the University of Washington Med- 
ical School has agreed to work 
closely with INEL (at Ionix 
expense, as part of the CRADA) in 
order to provide appropriate clini- 
cal guidance for the project. A 
Team consisting of Dr. Laramore, 
as well as key INEL experts in neu- 
tron physics, accelerator applica- 
tions, electrical engineering, sys- 
tems engineering, and computer 
monitoring and control systems 
has been assembled and constitutes 
the working group for the study. 
This group will mature into an 
Integrated Product Team as the 
effort progresses, with addition of 
appropriate technical personnel as 
appropriate, in FY-96 and beyond. 
There will be a close collaboration 
with certain other key personnel at 
the University of Washington Med- 
ical School, which is the site of one 
of the currently-operating fast neu- 
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tron delivery systems used for 
radiotherapy. Collaboration with 
Los Alamos in the area of accelera- 
tor systems to drive the neutron 
delivery system is also anticipated. 
At the appropriate time we will 
solicit the participation of one or 
more industrial partners with 
experience in the areas of accelera- 
tor and radiation delivery system 
manufacturing 

New or Increased Technical Capability 

There are several related activ- 
ities at the INEL having to do with 
development of accelerator neu- 
tron sources for epithermal-neu- 
tron NCT. This proposed project 
is a new initiative to extend our 
activities into the transepithermal 
energy range. Because this will 
be a new system concept, we have 
taken the approach of using mod- 
ern system engineering techniques 
to define the system requirements 
and specifications up front, from a 
clinical standpoint, with a view 
toward satisfymg the needs of the 
anticipated market in the most 
cost-effective, safe, and reliable 
manner possible. We have incor- 
porated computational studies 
based on well-established INEL 
technical strengths to more clearly 
define the system specifications. 
All of this activity will ultimately 
allow INEL to develop consider- 
able technical expertise in the field 
of fast neutron sources for radio- 
therapy. Although we will not 
become an accelerator laboratory, 
we will develop expertise in the 
applications of accelerators to the 
production of neutron sources for 
medical uses. 

Business Development Opportunities 

the objective of establishing a pro- 
gramatically funded collaborative 
INEL / university/ industry pro- 
gram for the construction of a pro- 
totype accelerator-based neutron 
delivery system for cancer radio- 

The work is directed toward 

therapy, with licensing of the 
design and key component intel- 
lectual property to industry and 
potential formation of a spinoff 
manufacturing business for com- 
mercial deployment. 

Real-time Measurement 
Dosimetry for Boron Neutron 

Capture Therapy 
LDRD 11 73 

Y. D. Harker, J. R. Venhuizen 

This project is directed toward 
the development of a dosimetry mea- 
surement system that (a) records the 
dose received by the patient, (b) 
reads out the dose in real time, and 
(c) has physically small sensors that 
do not perturb the radiation field nor 
the physical placement of the patient. 
This development is part of a commit- 
ment made by DOE in support of the 
CRADA established between INEL, 
IONIX Corporation, and Washington 
State University. Currently, doses to 
patients undergoing boron neutron 
capture therapy are determined using 
neutron activation wires or foils and 
TLDs (thermoluminescent dosimetgd 
dosimeters). Under this scheme, 
doses are not recorded in real time. 
The values are determined after 
treatment and serve as after-the-fact 
measures of the accumulative dose 
received by the patient. This method 
does not provide the physician any 
information as to whether or not the 
treatment is going according to plan 
and whether corrective action is nec- 
essary. Real-time monitoring sys- 
tems currently used are only measur- 
ing the amount of neutron current 
being delivered to the patient area; 
they do not measure the dose 
received by the patient. The monitor- 
ing system being developed in this 
project will provide through small 
active sensors attached to the patient 
a measure of the neutron flux and 
gamma dose rate as the treatment 
progresses. The information will be 
displayed on a PC-based readout 
system. The real-time display will 
show the current measured values 

and compare them with correspond- 
ing values generated by the patient 
treatment planning program. An 
electronic record of the treatment will 
be maintained, and a hard copy of 
the data will be provided. 

Objectives 
Test the fiber optic neutron 
detectors developed by Pacific 
Northwest Laboratory (PNL), 
in neutron fields typical of the 
fields encountered in BNCT 
treatments. 

Iden* a small gamma sensor. 

Nao or Increased Technical Capabilities 

The fiber optic neutron detec- 
tor developed at PNL was selected 
as a potential neutron monitor 
because its neutron sensitive iso- 
tope (lithium-6) has the same rela- 
tive energy response as boron-10 
and its physical dimensions are in 
millimeters. Through a coopera- 
tive arrangement between INEL, 
PNL, and WSU, the fiber optic 
neutron detectors were tested at 
the WSU research reactor. These 
measurements demonstrate that 
the fiber optic neutron detector 
has an approximate linear 
response with respect to neutron 
flux. The neutron-to-gamma 
response ratio is at least 8: 1. The 
PNL fibers were developed for 
laboratory testing and had not 
been made rugged for use in med- 
ical applications. Further testing 
using more rugged versions of the 
PNL fibers are planned for FY-96. 

While at WSU, INEL person- 
nel became acquainted with Scott 
Jones of International Sensors 
Technology (IST) Corporation 
located in Pullman, Washington. 
With his cooperation, INEL was 
able to get valuable information 
about the use of laser readout TLD 
systems. During the tests involv- 
ing the PNL fibers, IST was able to 
test their remote TLD readout sys- 
tem. The sensor part of the sys- 
tem is a small TLD phosphor 
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attached to the end of a fiber optic 
transmission cable. Like the PNL 
fiber optic neutron detector, the 
IST sensor and cable are physically 
small and therefore easy to use 
when attaching to a patient. 
Through fiber optic cable, the TLD 
is heated using laser light, and the 
resulting luminescence is transmit- 
ted back to a photo-multiplier tube. 
The photo-multiplier tube response 
is then converted into dose and 
output on a laptop PC. Results 
from ISTs testing show that this 
technique has definite possibilities 
as a part of the real-time monitor- 
ing system being developed by this 
project. Further work is planned 
for FY-96 to assess the capabilities 
of the IST remote readout system. 

We have identified the core 
components of the sensing elements 
for the real-time patient monitoring 
system from the results obtained in 
FY-95. Further testing is planned 
to better characterize the responses 
of these sensing elements. If avail- 
able resources are identified, a pro- 
totype multiple input readout sys- 
tem will be developed. 

New or Increased Technical Capabilities 

It is recognized at the N E L  
that an adequate dosimetry mea- 
surement system for use in human 
clinical trials involving BNCT does 
not exist. Development of this sys- 
tem is a key feature of the INEL 
BNCT program. Through the 
CRADA with WSU and IONIX, the 
first dosimetry measurement sys- 
tem will be installed in the WSU 
epithermal neutron beam facility. 

Business Development Opportunities 
This development is already 

linked with a CRADA involving 
INEL, IONIX Corporation, and 
Washington State University. Suc- 
cessful development of the dosime- 
try measurement system has appli- 
cation at other facilities involved in 
BNCT and also in other forms of 
radiation therapy. Because of its 

versatility, a dosimetry system of 
this type has definite commercial- 
ization potential. Once the key 
components have been tested and 
feasibility has been established, a 
patent disclosure application will 
be prepared. 

Mixed Oxide Fuels Testing in 
the Advanced Test Reactor 

LDRD 2108 

J. M. Ryskamp 

The safety of people throughout 
the world is seriously threatened by 
nuclear weapons stockpiles and by 
weapons-grade plutonium (WGPu) 
from nuclear weapons dismantled in 
arms-reduction programs. An intense 
worldwide effort is now under way to 
find ways to reduce this danger. One 
of the most attractive solutions would 
be to use WGPu as fuel in existing 
light water reactors (L WRs} in the 
form of mixed oxide (MOX) fuel, that 
is, plutonia (Pu02} mixed with urania 
(U02). Numerous technical issues 
must be resolved before L WR operat- 
ing licenses can be amended to allow 
the use of MOX fuel. The Advanced 
Test Reactor (ATR} at the Idaho 
National Engineering Laboratory 
(INEL) possesses many advantages 
for performing tests to resolve most of 
the issues identified in Table 1. It has 
ample core test volume, high neutron 
flux, test loops with cooling systems 

independent of the core coolant, and 
extensive support facilities. However, 
to be useful for MOX fuel testing, the 
ATR must be able to deliver a neutron 
flux of appropriate intensity and energy 
distribution to the MOX test specimens 
while simultaneously accommodating 
test requirements for other programs. 
We have performed calculations to 
show that the use of hafnium shrouds 
can produce spectrum adjustments 
that will bring the flux spectrum in 
ATR test loops into a good approxi- 
mation to the spectrum anticipated in 
a commercial L WR containing MOX 
fuel while allowing operation of the 
test fuel assemblies near their opti- 
mum values of linear heat generation 
rate. The ATR would be a nearly 
ideal test bed for developing data 
needed to support applications to 
license L WRs for operation with MOX 
fuel made from weapons-grade 
plutonium. 

Objectives 
Determine the feasibility of 
MOX fuel testing in ATR. 

Provide technical information 
for external proposals. 

Document this work in a tech- 
nical report. 

Accomplishments 

This project has achieved its 
main objective by determining that 
it is feasible to test MOX fuel in the 
ATR. One technical summary and 

Table 1 
Issues and Appropriate Test Facility for MOX Fuel Qualification 

Commercial Test 
Issue Reactor Reactor 

MOX fuel fabrication process verification 
Burnable poisons 
Effect of low Pu-240 content 
Effect of high plutonium content 
Americium and gallium content 
Fission gas release 
Fuekladding gap closure 
Effects of power cycles on fuel integrity 
Off-normal events 
Radial distribution of burnup and fission products 
Thermohydraulic behavior 
Power spiking 
Code validation 

Yes 
Partially 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Partially 
No 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
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one external report were pub- 
lished. A second external report 
documenting the entire LDRD 
project effort was published in 
September 1995. 

nary analyses to resolve funda- 
mental questions about the suit- 
ability of the ATR for a MOX fuel 
testing program. The test results 
from a MOX fuel testing program 
must give valid data from which 
to draw conclusions about MOX 
fuel performance in a commercial 
reactor. Also, the presence of 
MOX fuel test specimens in the 
ATR must not impair the ability of 
the reactor to perform simultaneous 
irradiations in other test locations, 
since only a relative few of the 
ATR's test locations would be 
occupied by MOX fuel specimens. 
Most important, the tests must not 
jeopardize the operating safety of 
the ATR. 

We performed neutronics 
analyses with the code MCNI', 
using a full-core input model. A 
21-pin MOX fuel assembly was 
put into the model's northeast 
loop test space. For an unshroud- 
ed 21-pin array of MOX fuel con- 
taining 7% plutonia, safety limits 
would require that the ATR quad- 
rant power not exceed 7 MW. 
However, placing hafnium 
shrouds around the MOX fuel 
assembly would shield the MOX 
fuel so that higher quadrant 
power could be sustained. Use of 
the hafnium shroud allows the 
reactor to be operated in a normal 
regime of quadrant power. Fortu- 
nately, the same shroud thickness 
produces the proper neutron ener- 
gy spectrum for MOX fuel testing. 
We also obtained results for other 
potential MOX fuel testing loca- 
tions. A hafnium shroud slightly 
thicker than 1.524 mm (60 mils) is 
required in the large B-hole. 

We performed thermohy- 
draulics calculations to estimate 
fuel, cladding, and coolant tem- 

We performed some prelimi- 

peratures in a MOX fuel testing 
installation in the ATR. These cal- 
culations used an analytical model 
of a pin with cladding in axial tur- 
bulent flow, with the heat transfer 
coefficient on the cladding surface 
given by the Dittus-Boelter heat 
transfer correlation. The maxi- 
mum calculated fuel centerline 
temperature in the ATR test speci- 
mens is less than that in a Com- 
bustion Engineering pressurized 
water reactor (PWR). Even 
though the peak linear heat gener- 
ation rate (LHGR) is slightly high- 
er in the ATR, the much greater 
length of the PWR fuel pins and 
the much higher PWR coolant 
inlet temperature (574 K, as 
opposed to 325 K in the ATR) 
cause higher temperatures in the 
PWR. Therefore, it can be con- 
cluded that the MOX fuel tests can 
be conducted safely in the ATR at 
the desired LHGR values. 

New or Increased Technical Capability 
This project has established 

the feasibility of MOX fuels testing 
in the ATR. We are now aware of 
the technical aspects and issues 
associated with this area. Many 
technical questions have been 
answered; some have not. The 
INEL staff involved in this project 
are now prepared technically to 
perform a much larger, externally- 
funded MOX fuels testing pro- 
gram in the ATR. Furthermore, 
through publications, presenta- 
tions, and communication related 
to this project, our technical exper- 
tise is now known within the plu- 
tonium disposition community. 

Business Development Opportunities 
The record of decision (ROD) 

on the plutonium disposition 
options is scheduled for August 
1996. Burning MOX fuel in exist- 
ing LWRs is currently one of the 
best options. If this option is 
selected, MOX testing in the ATR 
is very likely. Funding from the 

DOE Office of Fissile Materials 
Dispositioning (MD-4) could be 
available in FY-96. This funding 
would be passed to INEL through 
ORNL, which is currently the lead 
lab for the reactor-dispositioning 
option. Funding related to the 
triple play option could be passed 
directly to INEL from DOE- 
Defense Programs. A current 
Defense Authorization bill for 
MOX and tritium target testing 
will most likely be approved to a 
level of $5M for INEL in FY-96. A 
major test program involving ATR 
loops costs $10 to $30 M. The 
INEL must develop a proposal for 
MOX testing before the record of 
decision for submittal to DOE-MD, 
DOE-DP, or OWL. 

General Purpose 
Time-Dependent Particle 
Transport with Isotope 

Generation and Depletion 
LDRD 21 11 

R. L. Moore 

The overall objective for this pro- 
ject is to implement a new set of 
enhancements for the MOCUP com- 
puter code. These enhancements 
will strengthen the key capabilities of 
the INEL for the analysis of materials 
irradiation and isotope production. 
MOCUP provides the unique and 
seamless capability to do Monte 
Carlo particle transport calculations 
with depletion, by coupling the MCNP 
Monte Carlo transport code to ORI- 
GEN2 isotope generation and deple- 
tion code. MOCUP is a system of 
external processors that allow for a 
limited treatment of the temporal 
composition of the user-selected 
MCNP cells in a time dependent flux 
environment. The ORIGEN2 code 
wmputes the time-dependent behav- 
ior of these individually selected 
MCNP cells. All data communication 
between the two codes is accom- 
plished through MOCUP using the 
MCNP and ORIGEN2 inpuVoutput 
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files, the MOCUP Processor Output Fission product cross section 
files, and two user supplied tables. 
MOCUP is either command line or 
interactively driven. The interactive CNP material specification 
interface is based on the portable X 11 

trying to licensing MOCUP to the 
South Koreans for $15,000. They 
are in the process of reviewing the 
contract. 

library access 

tolerance 
window environment and the Motif tool 
kif. MOCUP was constructed so that 
no modifications to either MCNP or 
ORIGEN2 were necessary. 

A new set of key features was 
added to the MOCUP utility program. 
These new features allow for better 
evaluation of the Pu-238 and tritium 
production capacity in the ATR, and 
for the evaluation of the use of non- 
fertile plutonium fuel for the disposition 
of weapons material in power reac- 
tors. Because of the enhanced capa- 
bilities added to MOCUP, the reactor 
community (national and international) 
has expressed interest in purchasing 
MOCUP from the INEL for a nominal 
fee. 

Objectives 

to enhance the MOCUP code 
including the automation of certain 
manual tasks for increased efficien- 
cy. Specific technical tasks 
involved in the effort considered 
the following: 

The purpose of the effort was 

ORIGEN2 IRP command 
tolerance 

Light element cross section 

Total atom density calculations 

Gram and mole mass specifica- 
tion consistency 

updates 

MCNP material ordering 

MOCUPmanual. 

Accomplishments 

issues listed above have been 
implemented into the MOCUP 
code. The code with the improve- 
ments has been validated against 
previous in-house results. The val- 
idation effort found no deviations 
from the previous results. There- 
fore, the improvements to the code 
have generated no new coding 
errors. The code is also being 
checked by Paul Chodak 111, a 
graduate student at MIT. So far he 
has found nothing to suggest the 
code is not performing as it was 
intended. 

New or Increased Technical Capability 
This project has provided the 

INEL analyst and reactor physics 
community in general with a com- 
puter tool that will substantially 
reduce the labor and computer 
time required to perform fuel 
depletion and isotope production 
calculations using MCNP and ORI- 
GEN-2.1. Thus, fuel depletion and 
isotope production calculations can 
now be done in generalized three- 
dimensional geometry with contin- 
uous energy nuclear data and 
accurate transport theory. 

Business Development Opportunities 

Enhancements addressing the 

Development of a 
Simplified Version of 

SC DAP/R ELAPS 
for Simulator Applications 

LDRD 2205 

R. J. Beelman 

This project is developing a real- 
time version of our RELAPS/ MOD3 
thermal-hydraulic systems simulation 
code in support of Lockheed Idaho's 
proposed technical contribution to our 
impending CRADA with 

Science Applications International 
Corporation (SAIC). The objective of 
the CRADA is to demonstrate 
RELAP5 real-time core neutronic/ 
thermal-hydraulic simulation capabili- 
ties on a full-scope, beta-test, com- 
mercial nuclear plant training simula- 
tor as proof-of-concept. The current 
generation of nuclear plant training 
simulators runs simplified thermal- 
hydraulic simulation codes designed 
to drive the full scope mock-up in real- 
time. The need for these simplifica- 
tions arose because of the limitations 
of affordable, current-day computer 
hardware in meeting the real-time 
requirement. These simplifications 
have compromised training effective- 
ness with regard to the fidelity and 
reliability of these special purpose 
codes over the range of conditions 
encountered during full scope simula- 
tion. Recent quantum advances in 
prospective simulator host computers 
have enabled real-time RELAP5 exe- 
cution on cost-effective hardware. 

After presentations on a pre- 
Isotope ordering in MCNP liminary version of MOCUP, we 
tolerance 

restart have received many expressions Of 

interest. MIT and ABB-CE are 
interested in using MOCUP for 
plutonium disposition activities. 
Atom Analysis is interested in 
MOCUP as a tool for university 

Historically, the emphasis with regard 
to RELAP5 code development has 
been placed on the accuracy of the 
simulation. In order to achieve the 
CRADA objective, modifications to 
RELAP5/MOD3 are required to 

MCNP tally tolerance 

Preservation of ORIGEN2 
(n,2n) and (n,3n) cross sections 
Preservation of (n,y) and (n,2n) research reactors. Researchers in improve code reliability, robustness, 

and runtime performance to achieve South Korea have expressed a McNP sets and strong interest in 0bta-g sustained real-time simulation without 
loss of accuracy. Upon successful MOCUP. We are in the process of ORIGEN2 skeletal files 
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proof-of-concept demonstration, 
Lockheed Idaho will license the real- 
time RELAPS/ MOD3 software to 
SAlC for commercialization as a final 
simulator upgrade solution to the 
problems that have perennially 
plagued nuclear plant training simula- 
tors due to the deficiencies of simpli- 
fied approaches. 

Objectives 
Modify an existing RELAP5/ 
MOD3 input model to base- 
line code runtime performance. 

Investigate/implement 
RELAP5/MOD3 paralleliza- 
tion to achieve required run- 
time performance. 

Perfect existing nearly-implicit 
solution scheme. 

Identify/repair constitutive 
package numerical discontinu- 
ities. 

Remove border profiled 
lower-upper (BPLU) solver 
matrix transcription depen- 
dence. 

Restore the reflood model to 
operability. 

Accomplishments 

Initially, the beta-test site was 
identified to be a pressurized 
water reactor (PWR). An existing 
Cloop PWR model was used to 
baseline RELAP5/MOD3 perfor- 
mance. Results indicated execu- 
tion performance was about four 
times slower than required. 
Recently, the beta-test site was 
identified to have become a boil- 
ing water reactor (BWR). An 
existing BWR model achieved 
near real-time execution perfor- 
mance. The objective is twice real- 
time performance to accommodate 
simulator postprocessing. It was 
also observed that the number of 
repeated time steps was excessive 
and would have resulted in simu- 
lator failure owing to loss of real- 
time synchronization. 

Efforts to parallelize RELAP5/ 
MOD3 to achieve the necessary 
code speed-up began with a sur- 
vey of contemporaneous multi- 
processing platforms. An existing 
parallel version of the now obso- 
lete RELAP5/MOD2 release was 
useful in elucidating the capabili- 
ties of the various platforms. 
Cost-effectiveness considerations 
limited prospective suppliers to 
workstation vendors. The Digital 
Equipment Corporation (DEC) 
model 2100, accompanied by the 
Kuck and Associates preprocessor 
(KAP) parallelizing software, 
appears to be the platform pre- 
ferred by our CRADA partner. 
The RELAP5 nearly implicit fluid 
velocity solution methodology 
was successfully parallelized on 
the discontinued but proven Kub- 
ota Pacific Computer Corporation 
vector/parallel Titan 750. A 15% 
performance increase was noted 
on the Titan 750. Implementation 
to the ten-fold-faster DEC platform 
is proceeding, though not yet suc- 
cessfully accomplished. The effort 
to parallelize RELAP5/MOD3 will 
continue subject to availability of 
follow-on funding in FY-96. 

In order to overcome the 
restrictions of Courant-limited 
time step size, we initiated a major 
effort to perfect the nearly implicit 
hydrodynamic solution scheme. 
A Courant-violating time step 
ratio of two is desired. Initial 
baseline studies revealed several 
problems. Originally, during the 
initial development of the nearly 
implicit solution scheme, inclusion 
of artificial viscosity in the formu- 
lation of the momentum flux 
terms of the discretized momen- 
tum conservation equations was 
considered unnecessary. This 
hypothesis was disproved, and 
implicit artificial viscosity was 
implemented and is st i l l  being 
tested. An inconsistent implemen- 
tation of the boron transport equa- 
tion was also detected, and the 

equation was rewritten in implicit 
form. A recent improvement to 
the semi-implicit solution scheme 
involving resolution of fluid tem- 
perature perturbations as noncon- 
densibles appear was also retrofit- 
ted into the nearly implicit 
scheme. This retrofit is currently 
being tested and will be complet- 
ed subject to availability of follow- 
on funding in FY-96. 

Code failures and advancement 
repeats attributed to numerical dis- 
continuities must be eliminated. In 
that regard, a two-phase approach 
was initiated: first, incorporate 
added implicitness; second, sys- 
tematically remove discontinuities. 
The first phase was initiated this 
year. A Taylor-series expansion of 
the interphasic momentum drag 
was successfully implemented in 
the nearly implicit scheme. The 
second phase will be initiated next 
year, subject to funding availability. 

Although the Courant-violating 
nearly implicit time step size off- 
sets the increased computational 
time relative to semi-implicit 
advancement, real-time considera- 
tions dictated selection of the bor- 
der-profiled lower-upper (BPLU) 
direct linear equation solver. Pre- 
viously, BPLU relied on the sparse 
matrix solver to compose the solu- 
tion matrix. BPLU then tran- 
scribed the matrix to its desired 
format. We have completed code 
architectural modifications to 
eliminate the need for matrix tran- 
scription and are currently testing 
them. 

A two-dimensional reflood 
heat transfer model was incorpo- 
rated into early versions of 
RELAP5 to track quench front 
propagation during core 
reflood/rewet following a large 
break loss-of-coolant accident 

ference toward RELAP5 as an 
LBLOCA code, the model had fall- 
en into disrepair. The model was 
restored to operability and 

(LBLOCA). Owing to NRC indif- 
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brought into conformity with other 
modeling improvements in the 
areas of heat transfer correlations, 
flashing and condensation at the 
wall, and implicit coupling 
between heat transfer and hydro- 
dynamic solutions. 

The project objective of real- 
time RELAP5 simulation is expect- 
ed to be realized in FY-96, subject 
to the availability of follow-on 
funding. 

N m  OT Increased Technical Capabilities 
This LDRD is consistent with 

the INEL's mission in derived-use 
technology transfer. The commer- 
cialization of RELAP5 to nuclear 
plant training simulators will 
allow the consolidation of the 
computational basis for plant 
licensing and operator training. 
Full-scope RELAP5 simulation 
will not only enlarge Laboratory 
visibility in the commercial 
nuclear industry, but a real-time 
RELAP5 analysis capability will 
also enhance cost-competitiveness 
with traditional governmental 
sponsors. 

Business Development Opportunities 
Upon CRADA completion, 

Lockheed Idaho will license 
RELAP5 to SAIC for nuclear plant 
simulation field-of-use applica- 
tions. SAIC will marketjinstall 
RELAP5 on full-scope nuclear 
plant training simulators with 
time and materials support from 
the INEL. It is anticipated that 
fees derived from membership 
subscriptions to a proposed Users 
Group will support the expansion 
of the business and the services of 
a full-time Laboratory-based code 
developer. End-user software 
support subcontracts through 
SAIC are a possibility. Eventually, 
this may expand to include main- 
tenance and operation subcontract 
support through SAIC. A spin-off 
company is a another possibility. 

Nonfertile Fuel Fabrication 
Development and Irradiation 

Performance Assessment 
LDRD 2207 

G. S. Chang 

The United States and Russia 
expect to have a surplus of approxi- 
mately 150 metric tons (t) of weapons- 
grade plutonium (WGP) and 1000 t of 
weapons-grade uranium (WGU) 
(National Academy of Sciences Com- 
mittee on International Security and 
Arms Control, Management and Dis- 
position of Excess Weapons Plufonium, 
National Academy Press, 1994). One 
of the most favored candidate meth- 
ods for disposing of the WGP is to 
blend it with natural oar depleted ura- 
nium down to commercial grade (up to 
7 weight percent WGP) for light water 
reactor (L WR) fuel pellet fabrication. 
However, this approach, with a con- 
version ratio of 0.6, will produce a lot 
of plutonium and other actinides in the 
spent fuel. This process only trans- 
forms the weapons-grade fissile mate- 
rials to civilian-grade plutonium, which 
is still usable for fission weapons, so it 
does not completely solve the plutoni- 
um disposition problem. Disposition 
of weapons-grade plutonium in reac- 
tors without fertile material has been 
proposed by industry and national lab- 
oratories. This study describes a new 
actinide-reduced plutonium fuel 
(ARPF) that would use WGP mixed 
with medium-enrichment U 0 2  and the 
nonfertile material tungsten to achieve 
conversion ratio less than 0.1. ARPF 
can meet the WGP disposal goal 
while minimizing the plutonium pro- 
duction. Its physics and burnup char- 
acteristics are analyzed and the 
results are compared with L WR UO2 
and mixed-oxide fuel. 

To maximize the use of current 
L WR technology, the design goals for 
ARPF are to retain the lattice configu- 
ration of a Westinghouse PWR (a 17 
x 17 fuel-element array), and to 
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Document the work in a 
technical report and submit it 
to Nuclear Technology for 
publication. 

Accomplishments 

pin-by-pin fuel assembly model 
(CBFAM) to analyze the ARPF 
and U02 fuels depletion indicates 
that a representative equilibrium 
fuel cycle can be developed in 
which a UO, driver core occupies 
three quarters of the total core and 
an ARPF region occupies the 
remaining one quarter of the core. 
This reactor operates in a three- 
region cycle mode in the U02 fuel 
zone and a one-region cycle mode 
in the ARPF zone. for a typical 
PWR (3411 Wt), the equivalent 
total neutron flux in the ARPF 
assembly is 2.88 x 101%/cm2 -s. 
The normalized fission power 
ratios in zones 1,2,3, and4 are 
0.879, 1.043,1.132, and 0.946, 
respectively. Using MCNP and 
ORIGEN2, k, and the concentra- 
tions of important isotopes as a 
function of burnup have been 
calculated. For 24oPu, because of 
considerable self-shielding with 
increasing nuclide density toward 
end of cycle, the capture cross-sec- 
tion is much smaller. Because the 
ARPF fuel assembly only occupies 
one quarter of the reactor core, k, 
does not decrease as rapidly for 
this core as it does for most pro- 
posed nonfertile MOX fuel cases. 
If the ARPF fuel assembly occu- 
pies one half of the reactor core, 
k, would decrease from 1.128 
(a.0015) to 1.0935 (a.0016). It 
still can achieve an adequate equi- 
librium fuel cycle. An investiga- 
tion of ARPF half-core loading is 
currently under way. The atomic 
density of plutonium isotopes and 
24oPu/Pu ratio as a function of 
burnup have also been calculated. 
At the end of fuel cycle, the 
24oPu/Pu ratio in ARPF reaches 
27.49%, which meets the spent 

A study using a checkerboard 

fuel standard in the WGPu 
disposition. 

New or Increased Technical Capabilities 
This project has established 

the technical feasibility of using 
the nonfertile plutonium fuel ina 
LWR. Furthermore, through pub- 
lications and presentation related 
to this project, our technical 
expertise in now known within 
the plutonium nonfertile fuel R&D 
community. 

Business Development Opportunities 
The Monte-Carlo methodolo- 

gy to develop for mixed-core equi- 
librium fuel cycle analysis can 
enhance the capability of INEL to 
perform LWR U02 fuel cycle 
analysis with mixed oxide or 
nonfertile fuel for weapons-grade 
nuclear materials disposition 
(fission option), and triple-play 
reactor core design and analysis. 
Further development of Monte- 
Carlo methods to reactor core 
analysis can be beneficial to the 
nuclear industry in the area of fuel 
reloading analysis. 

Photoneutron Studies 
for Radiotherapy 

LDRD 2302 

D. W. Nigg 

This project is directed toward 
establishing the basic feasibility of a 
novel approach to the realization of a 
practical accelerafor-based neutron 
source for epithermal-neutron capture 
therapy using electron accelerator 
technology. 

Objectives 

A recent resurgence of interest 
in neutron radiotherapy for cancer 
(in the forms of fast neutron radio- 
therapy and epithermal neutron 
capture therapy (NCT)) has led to 
increased activity directed toward 

the development of reliable, cost- 
effective accelerator-based neutron 
sources. An enormous amount of 
work worldwide has been focused 
on the achievement of useful med- 
ical neutron sources featuring the 
use of protons and other heavy 
particles impinging on various tar- 
gets. Clinical sources for fast- 
neutron therapy have been built 
using this approach and some 
low-intensity prototypes of 
epithermal-neutron sources for 
NCT have been demonstrated. 
The heavy-particle approach, 
especially in the case of NCT 
applications, is, however, subject 
to problems associated 
with generating the required 
source intensity, as well as to 
some rather difficult problems 
associated with target cooling. 
This project is directed toward 
proof of principal for an alternate 
approach to the realization of clin- 
ically useful neutron sources for 
medical therapy using standard 
electron linear accelerator technol- 
ogy rather than heavy particle 
accelerator technology. Electron 
accelerators offer the possibility of 
generating tunable neutron 
sources in a manner that recon- 
ciles the often-conflicting objec- 
tives of target cooling, neutron 
source intensity, and spectral 
purity by way of a two-stage 
process that involves the use of 
electron-beam-induced 
bremsstrahlung radiation directed 
onto a material having a low 
threshold and high cross section 
for photoneutron production. 

Accomplishments 

effort with Idaho State University 
(ISU), the INEL has been explor- 
ing the applications of electron 
accelerators in a variety of areas 
including arms control, nonde- 
structive examination, nuclear 
waste characterization, and, with 
the effort described here, radiation 

In an  ongoing collaborative 
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oncology. A 4-MeV, four-chamber, 
side-coupled electron linear accel- 
erator driven by a magnetron RF 
power supply is available at ISU. 
This was used for some of the ini- 
tial photoneutron source measure- 
ments described below. In addi- 
tion, INEL has installed a much 
more powerful and flexible Varian 
electron linear accelerator at ISU. 
This has been used in the project to 
provide additional, extensive, mea- 
sured data on photoneutron source 
intensities and spectra produced in 
a heavy water conversion region 
with and without a surrounding 
epithermal neutron filtering assem- 
bly. Measurement techniques used 
include indium foil activation and 
threshold foil activation. Corre- 
sponding theoretical calculations 
are performed using the ACCEPT 
electron-photon cascade code, 
coupled by way of theoretical 
photoneutron production data to 
the MCNI' Monte Carlo Neutron- 
Photon Transport code, as well as 
the DORT two-dimensional disaete- 
ordinates neutron and photon 
transport code. 

We completed measurements 
and theoretical calculations of the 
unfiltered photoneutron source 
produced in a heavy water conver- 
sion region exposed to the 
bremsstrahlung field generated by 
the standard 4-MeV medical elec- 
tron linear accelerator with a tung- 
sten target. Later, we repeated 
these measurements using a tun- 
able Varian electron linear acceler- 
ator in order to obtain more 
detailed neutron source intensity 
and spectral data for three 
bremsstrahlung cutoff energies 
(4MeV, 6- MeV, and 8- MeV) and 
two conversion region volumes. In 
addition, appropriate quantities of 
an advanced epithermal-neutron 
filtering material composed of alu- 
minum and aluminum trifluoride 
were obtained as part of an ongoing 
collaborative effort on medical 
neutron sources with the Technical 

Research Centre of Finland. An 
epithermal filtering assembly 
based on this material was con- 
structed for use with the Varian 
accelerator-based photoneutron 
production apparatus and mea- 
surements of filtered epithermal 
neutron spectra appropriate for 
NCT applications have been per- 
formed for various electron beam 
energies and filtering configura- 
tions. The results of all measure- 
ments are being compared with 
theoretical calculations. This pro- 
vides the basic performance data 
needed for proof of principal of the 
epithermal photoneutron device 
described in EG&G Patent Idea 
Record EGG-PI-675, which, in turn, 
served as the basis for a formal 
patent application for the concept 
that has been filed by the Lockheed 
Idaho investigators with the U.S. 
Patent Office (Docket 08-237504). 

Nau m Increased Technical capabilities 
This project involves strong 

collaboration between INEL and 
Idaho State University (shared 
equipment, laboratory space, and 
personnel). We have gained much 
experience in measurement and 
analysis of this type of neutron 
source and have taken the steps 
needed to capture the intellectual 
property. When the time for scale- 
up comes, we will be in a unique 
position to perform the work. 

Business DeveZoprnent Opportunities 
There is currently informal 

collaboration with Atomic Energy 
of Canada, Ltd., for the purpose 
of exploring the feasibility of a 
follow-on scale-up program to real- 
ize a clinically useful full-scale 
device should the results of ongo- 
ing BNCT clinical research lead to 
where epithermal-neutron BNCT 
becomes a therapy of choice for 
primary brain tumors or, possibly, 
other malignancies. AECL manu- 
factures large electron linear accel- 
erators for food irradiation and 

instrument sterilization. They are 
very interested in becoming 
involved in the neutron therapy 
field. Other opportunities to scale 
up the device to clinical levels will 
present themselves, provided that 
a clinical demand for epithermal- 
neutron BNCT itself materializes. 

Feasibility Study of 
Using INEL-Developed 

Transport Tools to Calculate 
Photodynamic Dosimetry 

LDRD 2303 

W. Y. Yoon, D. W. Nigg, 
F. J. Wheeler, L. M. Montierth 

Photodynamic therapy (PDT) is 
the interoperative use of directed laser 
light and photosensitive drugs to 
selectively treat cancerous tumors and 
other tissue abnormalities. Pretreat- 
ment optical transport calculations are 
required to provide the optimal treat- 
ment, Le., the tumor receives a maxi- 
mum treatment dosage while expo- 
sure to normal tissue is minimized. 
Feasibility of using INEL-developed 
light transport tools and computational 
methodology to calculate photody- 
namic dosimetry has been assessed. 
We chose The PHOTRAN computer 
code developed for the INEL'S nuclear 
pumped laser program and undertook 
major reprogramming to obtain not 
only the optical boundary effects such 
as reflection and refraction but also 
light scattering and absorption in the 
medium. This Monte Carlo code can 
now calculate the light flux and energy 
deposition distributions in three- 
dimensional geometry for any shape 
of laser beam source. By having this 
computational capability, the INEL is 
positioned to provide a practical 
method for computational dosimetry of 
PDT. Future effort is in collecting rel- 
evant optical parameters in various 
media, and code validation and verifi- 
cation. Implementation of various 
variance-reduction techniques are 
also desirable. 
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Objectives 
Perform a literature search. 

Develop a computational 
methodology. 

Identdy a primary computa- 

Implement the computational 
methodology into the code. 

tional code. 

Accomplishments 
Photodynamic therapy (PDT) 

is a new modality being studied for 
the treatment of local solid tumors. 
Patients receive an injection of a 
photosensitizer into a vein. After 
12 hours, the photosensitizer is 
cleared from most healthy tissue, 
but is retained in the tumor, which 
is then exposed to activating light. 
The laser beam acts as a concentrat- 
ed source of red light. The laser is, 
however, not used to heat the 
tumor or to vaporize the tumor like 
other more powerful lasers that are 
used in surgery for these purposes. 

Pretreatment optical transport 
calculations are required to pro- 
vide the optimal treatment, i.e., the 
tumor receives a maximum treat- 
ment dosage while exposure to 
normal tissue is minimized. 
Unfortunately, current methods 
used to calculate optical dosimetry 
are oversimplified making it diffi- 
cult to correctly determine dosage. 

Computational Methodology. 
To serve the needs of photody- 

namic dosimetry calculations, a 
three-dimensional photon trans- 
port code must be capable of track- 

cal medium. The Monte Carlo 
method is the model of choice for 
simulating light transport. The 
prime issues in the light transport 
are the optical boundary effects 
(reflection and refraction) and light 
scattering and absorption in the 
optical medium. when a photon 
has an interaction in the medium, 
one of two events would occur, 

ing light photons through an opti- 

scattering or absorption. The prob- 
ability of interaction depends on 
the local cross section of the medi- 
um. An absorption event requires 
that both the location and the 
amount of light absorbed be 
recorded, which determines the 
dose distribution in the medium. 

The flow chart on the following 
page presents the three-dimensional 
Monte Carlo technique of light 
photon transport. 

Code Implementation. 
Our primary focus was on 

developing a practical method for 
computational dosimetry of PDT, 
specifically the application of the 
PHOTRAN computer code devel- 
oped by the INEL. We implement- 
ed the solutions of Snell's law and 
Fresenel equations to obtain the 
direction and intensity of the 
reflected and refracted lights. We 
performed an experiment using the 
He-Ne laser, and the code repro- 
duced the experimental results 
within the experimental uncertain- 
ties. Since the scattering and 
absorption play a more important 
role in the PDT application, this 
part of optical transport is imple- 
mented in the program following 
the flowchart. The initial PHO- 
TRAN program was inherited from 
RAFFLE, the general purpose 
Monte Carlo code for neutron and 
gamma transport and included 
many options and routines relating 
to neutron and gamma physics. A 
major cleanup of the program was 
undertaken to make the code 
specifically applicable to general 
light transport. The program now 
calculates light flux, current and 
energy deposition distribution in 
three-dimensional geometry for 
any shape of laser beam source 
and can be considered a general 
purpose light transport code. 
Using the typical optical cross sec- 
tions (scattering and absorption) 
and a phase function in tissue, the 
code was successfully tested with 

a three-dimensional geometry and 
a disk laser beam source. Imple- 
mentation of various variance 
reduction techniques are still 
needed to improve code efficiency. 
Code validation and verification 
also has to be performed for general 
availability. 

New or Increased Technical Capabilities 
There is opportunity for the 

INEL to provide this tool and 
opportunity to compliment the 
INEL Boron Neutron Capture Ther- 
apy program. The project supports 
continued INEL interests in explor- 
ing light transport applications. 

Business Development Opportunities 

determine dosimetry was brought 
to our attention by Dr. Warren 
S. Grundfest, M.D., during his visit 
to the INEL. We need to establish 
collaboration with Dr. Grundfest 
and other researchers at the 
Cedars-Sinai Medical Center and 
learn as much as necessary to cor- 
rectly calculate PDT dosimetry. 
This will include information on 
photosensitive pharmaceuticals, 
laser wavelengths of interest 
(determined by the photosensitizer 
used), treatment geometry, etc. 
Once the validation and verifica- 
tion of the code and applicability 
to PDT is established, we will pro- 
pose a formal CRADA with 
Cedars-Sinai Center or another 
appropriate clinical partner. 

The need for better methods to 

Kinetic Modeling 
of the 

ITER Dissipative Divertor 
LDRD 2304 

L. M. Montierth 

The purpose of this project is to 
develop a numerical simulation code 
to model the International Thennonu- 
clear Experimental Reactor's (ITER) 
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dissipative divertor with a kinetic 
technique. ITER is a large intema- 
tional project funded jointly by the 
United States, Europe, Japan, and 
Russia, and the success of this pro- 
ject depends largely on the perfor- 
mance of the divertor. Since there 
will be no experiments at reactor 
geometry and power before the con- 
struction of the reactor, design of the 
divertor will depend heavily on 
numerical simulations. Because of 
the large mean-free paths of the par- 
ticles in the reactor, kinetic modeling 
will be required to obtain accurate 
results. The project is designed to 
position the INEL to have a role in 
the design of the dissipative divertor 
for ITER. 

Objectives 
Develop a two-dimensional 
kinetic code (one spatial 
dimension and one velocity 
dimension 1DlV) to model 
ion-electron interactions. 

Develop a three-dimensional 
(one spatial dimension and 
two velocity dimensions 
1D2V) single particle code 
with advanced physics. 

0 Prepare an article for the Jour- 
nal of Computational Physics 
describing our results. 

Accomplishments 
During this project, some 

results were obtained from the 
1D2V code development results, 
but the numerical difficulties asso- 
ciated with the large problem size 
and the older numerical methods 
restricted progress. Because of 
these problems, more work was 
shifted to the 1D1V work. 

numerical technique was imple- 
mented and tested. The method 
implemented was a matrix-free 
implementation of the Newton- 
Krylov technique. This numerical 
method was originally tested on 
an ion only problem. The results 
were submitted to the Journal of 

For the 1D1V work, a new 

Computational Physics on March 10, 
1995 in an article titled Fully 
Implicit Kinetic Solution of Colli- 
sional Plasmas. The paper shows 
that this technique results in fast 
solutions that can be obtained on a 
workstation. 

As work progressed toward a 
coupled ion-electron problem, it 
became apparent that more accu- 
rate differencing of the differential 
operators was necessary. These 
higher-order differencing methods 
were implemented and tested on 
simpler test problems, two species 
ODlV, and single species Vlasov 
operator only. 

This work is currently all 
being combined to solve a lD lV 
ion-electron problem. The new 
difficulties of the coupled ion-elec- 
tron problem are currently being 
worked. 

New ur Increased Technical Capabilities 
The numerical integration 

technique, matrix-free Newton- 
Krylov, has shown promise for 
solving integro-differential equa- 
tions, but further testing and 
development is needed. The high- 
er order differencing schemes 
investigated in this project have 
enabled solutions that were not 
previously available. 

Business Dmelupment Opportunities 
Further development of the 

1D1V ion-electron kinetic simula- 
tion code needs to be done before 
potential customers can be 
approached. 

ing is used to determine moisture 
contents and changes in moisture 
levels in vadose zone soil and rock 
environments. Prior to the develop- 
ment of this technology, moisture 
monitoring involved the use of a man- 
ually operated system requiring man- 
ual feeding and retrieval of heavy 
cable (in some cases hundreds of 
feet) into and from the neutron probe 
access tubes installed into the sub- 
surface. The manual system was 
slow, labor and time intensive, and 
subject to numerous operator errors. 
The prototype monitoring system, 
developed through LDRD funding, 
largely eliminates the above draw- 
backs while permitting more frequent 
monitoring at reduced cost. The 
prototype well logging system fea- 
tures computer-controlled instrumen- 
tation that can be preprogrammed to 
operate and control the entire neutron 
logging operation. The system will 
allow preselection of logging intervals 
and storage of the information on 
disk. In the field, the system is locat- 
ed over the well to be logged, the 
disk placed in the computer, and the 
logging operation is initiated. From 
this point on, the entire operation is 
computer controlled. The computer 
raises and lowers the cable; takes, 
records, and stores the neutron 
counts; and finally signals the opera- 
tor that the well has been logged. 
The operator can look at the plotted 
real-time data displayed in a second 
window and compare it with a back- 
ground log, facilitating field-based 
decisions. Upon completion of the 
logging operation, the cart is moved 
to another well, and the process is 
repeated. 

Objectives 

Automated 
Neutron Probe 

Monitoring 
LDRD 5304 

C. W. Bishop 

Technology to automate the 
hand-held CPN Hydroprobe was 
developed. Neutron probe monitor- 

Design the automated 
hydroprobe cart. The cart was 
mechanically designed to be 
strong, easily mobile, and per- 
mit flexibility in placement of 
the probe and cable over the 
well. 

Develop the control system. 
A PC-based, stand-alone con- 
trol system was developed to 
control the entire logging 
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operation. The system 
includes data acquisition for 
both input and output data, 
customized displays, and 
automated well logging. 

Integration of the hardware 
and control systems. This 
includes (a) connecting a laptop 
computer on the cart, (b) 
installing an encoder wired to 
the computer, (c) installing a 
dc motor to operate the electric 
winch, (d) installing a sensor 
weight measuring device. 

Development of a two-way 
communication link between 
the hydroprobe and the com- 
puter. The link allows commu- 
nication between the computer 
and the probe, and the probe 
and the computer. 

Field test the prototype. 

Accomplishments 
The hydroprobe cart was fash- 

ioned from a step ladder (see the 
figure). The step latter was select- 
ed as an initial frame because with 
the addition of wheels it is highly 
maneuverable and allows precise 
placement of the probe over the 
borehole. All the instrumentation, 
including the electronic winch, 
load cell, cable spool, encoder, and 
associated electronics are mounted 
on the frame. All the hardware 
was successfully integrated so that 
the technology functions as a unit. 
The control program has been writ- 
ten, which drives the hardware 
and permits communication 
between the probe and the com- 
puter. The program allows prese- 
lection of monitoring intervals in 
wells of any depth. Neutron 
counts are recorded on the com- 
puter hard drive, eliminating the 
necessity for recording raw counts 
in logbooks or entering them into 
the instrument storage. By looking 
at the main control screen, the 
operator can determine current 
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logging depth, counts, and tension 
on the cable. The screen also 
shows the preselected parameters- 
borehole depth and count time. By 
opening a second window, a graph- 
ing capability can be accessed. The 
graphing capability permits easy, 
meaningful access to the data as 
they are being collected. The data 
can be compared with a baseline 
log to idenbfy changes. Immediate 
access to the data in a usable format 
(counts or moisture contents) 
allows the operator to make deci- 
sions while still in the field and 
permits rapid identification of 
errors. Compared with the manual 
system, using this technology 
reduces logging time by about one 
third in a shallow borehole. Time 
savings for logging deep boreholes 
are even greater. Time saved is 
increased when data processing is 

A. CABLE 

considered. This technology 
allows much of the processing to 
be performed at the borehole site, 
whereas the manual system 
requires returning to the office, 
entering the data, and processing 
on the computer. The technology 
is currently performing as 
described above. During field test- 
ing, however, several problems 
were identified. We believe a 
modulator needs to be added to 
the motor to achieve desired accu- 
racy. The work is ongoing. If we 
are allowed to purchase the required 
hardware and can field test the 
technology, we expect to have a 
fully functioning system that can 
be used to monitor deep boreholes 
at the INEL. An LDRD submitted 
for FY-96 funding proposes to 
adapt aspects of the technology for 
use in monitoring through horizontal 

B. 
C. 
D. 
E. 

i:- 

BOREHOLE 
MOTOR 
WINCH 
ELECTRONIC 

Automated Neutron Probe Cart 
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boreholes or pipes. This is the 
basis for remote monitoring of 
moisture and is directly transfer- 
able for automated monitoring of 
any parameter for which small 
sensors are or will be available. 

continues to collaborate on devel- 
opment of this technology and are 
interested in it. The potential for 
licensing the technology and/or 
the development of a CRADA 
with Boart Longyear Company is 
real, but so far these oppor&ties 

Nao or Increased Technical Capabilities have not been e,,ortu- 
I I  

Development of this technology nities are available with other 
industries as well, as evidenced 
by the interest shown in Denver at 
ER-95. 

for small sensors in vertical bore- 
holes in general and for the neu- 
tron probe in particular is new at 
the INEL, and anywhere else (as 
far as we can determine from the 
technical literature). This technol- 
ogy currently works, and when 
finished it will function with 
repeatable, millimeter accuracy. 
The control programming currently 
works flawlessly. This is the basis 
of automating the use of all small 
sensors that are used in vertical 
boreholes or pipes. We hope to 
adapt the program and other 
aspects of the technology for use 
with neutron probes and other 

in horizontal bore- 
and pipes* The techO1OgY 

be Coupled with robotics tech- 

Tritium Production 
by Irradiation of 3He 

LDRD 7909 

R. A. Anderl, J. D. Baker, 
J. W. Rogers, B. G. Schnitzler 

The primary purpose of this pro- 
ject was to evaluate key issues that 
relate to production of tritium by irra- 
diation of 3He in a nuclear reactor, in 
particular, the Advanced Test Rea0 
tor (ATR) at the Idaho National fngi- 
neering Laboratory (INEL). Issues 
specifically addressed in this work 

nology to achieve these goals. were (a) tritium production rates and 
Ultimately, we are working to recovery yields and (6) reactor opera- 
develop an automated system that tiOnal Safety concerns resulting from 
can be used in any borehole-like an accidental loss of 3He from an in- 

with any sen- core irradiation vessel. The empha- 
sis of the work was on the first issue, sor for remote monitoring, with with limited evaluation of the second. 

the capabaty Of data Both experimental and modeling/cal- 
to the user over telephone lines. culation efforts were undertaken. 

The experimental effort entailed irra- 
the INEL into a world leader posi- diation of 3He-fiIled canisters and 
tion in automated small sensor cobalt wires for neutron dosimetry in 
monitoring. It also has application the ATR Critical reactor (ATRC) dur- 
to work at the INEL in waste IIlilll- ing FY-94 and postirradiation mea- 
agement, ER, agriculture, and surements and analyses in FY-95 to 

determine the quantities of tritium 
generated in each canister and to other fields. Even though this 
determine the thermal neutron flu- technology will benefit INEL 
ence-rate (flux) profiles in the irradia- 

are far broader. tion assemblies. A full-core, 3-dimen- 

technology Will catapult 

the industrial applications 

Business Development Opportunities 
The investigators have not yet 

explored business opportunities. 
The focus has been to develop the 
technology to a marketable state. 
Boart Longyear Company has and 

sional model was developed to pennit 
MCNP calculations of the neutron 
interaction rates in the 3He and in the 
cobalt flux wires. Comparison of the 
experimental and calculational results 
indicate good consistency between 
global values for tritium production 
and dosimeter activation. Only a limit- 

Idaho National Engineering I 

ed evaluation of the operational safe- 
ty issue was made, primarily by mod- 
eling/calculations. The results of this 
work are of particular significance to 
a novel approach for generating tri- 
tium by using a recirculating 3He loop 
in a nuclear reactor or accelerator- 
based tritium production facility. 

Objectives 

Complete postirradiation mea- 
surements and analyses to 
determine the tritium contents 
of each irradiation canister. 

Complete postirradiation 
measurements and analyses 
for the cobalt neutron flux 
monitors to determine the 
neutron fluence rates for the 
experiment. 

Complete the model and per- 
form calculations of the neu- 
tron interaction rates in the 
3He and in the cobalt flux 
wires. 

Evaluate the operational safe- 
ty issue resulting from an acci- 
dental loss of 3He from an in- 
core irradiation vessel filled 
with 3He. 

Prepare a technical report that 
documents the work. 

Accomplishments 
The focus of effort during 

FY-95 was on completion of the 
postirradiation measurements and 
analyses and on neutronics model- 
ing and calculations for six 3He- 
filled canisters irradiated in the 
ATRC during FY-94. Measure- 
ment of the tritim contents of 
each canister required a laboratory 
setup to purge the canister con- 
tents with a He/H2 gas mixture, 
heat the canister to release surface- 
adsorbed tritium, and collect the 
tritium as the oxide in ethylene 
glycol. Liquid-scintillation assay 
of the ethylene glycol yielded the 
tritium content. After the cobalt 
flux wires were retrieved from the 
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canisters, they were cut into sec- 
tions, and each section was assayed 
radiometrically to determine the 
induced 60Co activation product. 
Each canister was equipped with 
an axial cobalt wire and three cir- 
cumferential wires at the top, mid- 
dle and bottom parts of the canis- 
ter wall. A spatial profile of the 
thermal flux distribution for each 
canister was determined from the 
measured activation data. A full- 
core, 3-dimensional model was 
developed, with explicit detailing 
of the irradiation canister test 
trains. MCNP calculations were 
made to determine neutron interac- 
tion rates in the 3He and in the 
cobalt flux wires. A comparison of 
the experimental and calculational 
results, shown in Tables 1 and 2, 
indicates good consistency 
between global values for tritium 
production and dosimeter activa- 
tion. The results indicate a possi- 
ble underprediction of neutron 
flux-depression effects. However, 
the results of these experiments do 
indicate that tritium production 
and recovery can be accurately 
quantified for 3He-filled canisters 
in the ATR. 

A limited evaluation was made 
of the operational safety issue 
related to an accidental loss of 3He 
from an in-core vessel. Based on 
MCNP calculations by M. Houts of 
Los Alamos National Laboratory 
(LANL), for a 3.64-cm diameter 
canister located in a central, flux- 
trapped hole of a TRIGA reactor, a 
canister filled with 3He to 50 
atmospheres has a reactivity worth 
of about two cents relative to a 
voided canister. Houts has demon- 
strated a novel means to reduce the 
positive reactivity insertion from 
loss of 3He by incorporating a cru- 
ciform or spoked borated stainless 
steel assembly in the irradiation 
vessel. Owing to unavailability of 
appropriate personnel, experi- 
ments and model calculations were 
not made to evaluate this opera- 

Table 1 
Comparison of Calculated-to-Measured Tritium-Production Data 

3He Pressure Measured Calculated Calculatedl 
Canister (TON) (microcurie) (microcurie) Measured 

1.5 liter canister 
1-11 (top) 21 50 61 53.0 0.87 

1-11 (bot) 1500 54 56.4 1.04 

1-1 3 (top) 2150 33 31.7 0.96 
1-13 (mid) 775 21 30.0 1.43 
1-13 (bot) 1505 30 32.8 1.09 

1-11 (mid) 986 50 60.6 1.21 

0.5 liter canister 

Table 2 
Comparison of Calculated-to-Measured SOCo Dosimeter Activation Data. 

Canister 

1-11 (top) 

1-11 (bot) 

1-13 (top) 

1-13 (bot) 

1-11 (mid) 

1-1 3 (mid) 

3He Pressure Lower 
(Torr) Axial Circum. 

1.5 liter canister 
21 50 1.31 1.07 
986 1.07 1.14 

1500 1.33 1.16 

21 50 1.19 1.01 
775 1.21 1.02 

1505 0.95 1.07 

0.5 liter canister 

Middle 
Circum. 

1.07 
1.09 
1.16 

1.04 
1.01 
1.18 

Upper 
Circum. 

0.90 
0.95 
1.10 

0.98 
1.08 
1.09 

tional issue specifically for the 
ATR. The work scope and expen- 
ditures were reduced accordingly. 

A technical report, Tritium 
Generation by Irradiation of 3He in 
the ATRC, INEL-95/0495, was pre- 
pared to document this work. 

Nao M Increased Technical Capabilities 
The work in this project is rele- 

vant to both reactor-based and 
accelerator-based tritium produc- 
tion (APT). DOE Defense Pro- 
grams is developing a strategy to 
maintain a tritium stockpile appro- 
priate to defense needs. Tritium 
production based on 3He could 
serve as a very attractive interim 
supply approach for a fission reac- 
tor, and it is the target of choice for 
an accelerator- based tritium pro- 
duction system. The project has 
demonstrated experimental and 
computational capabilities and 
expertise at the INEL that can sup- 
port new tritium production needs 
for the Defense Program. 

Business Development Opportunities 
In collaboration with D. Mecham 

of the ATR Reactor Programs busi- 
ness development, we have pur- 
sued DOE funding to conduct 
demonstration testing in support of 
the Defense Programs tritium strat- 
egy. The effort was pursued as an 
interlaboratory effort involving pri- 
marily INEL and LANL. Funding 
actions depend on tritium strategy 
developments. Presentations about 
this project were made at an APT 
workshop in January, 1995, and at 
the Tritium Focus Group Meeting 
in April, 1995, both at LANL. We 
have had discussions with Dr. J. 
Anderson, director of the APT tri- 
tium target and process system at 
LANL, regarding the ATRC 3He 
experiments and INEL expertise in 
the development and use of metal 
getters to recover tritium from 
inert gas process streams. A strong 
possibility exists to obtain funding 
through LANL to pursue coopera- 
tive work in support of APT dur- 
ing €9'-96. 
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Technetium 
Separation System 

LDRD 9517 

R. G. Bennett 

This invention provides an envi- 
ronmentally benign system for pro- 
ducing high-purity technetium-99m, 
widely used in nuclear medicine. 
Unlike reactor production of tech- 
netium-ggrn, this system uses accel- 
erator technology to produce tech- 
netium-99m without spent nuclear 
fuel wastes. The system can pro- 
duce quantities to supply an entire 
metropolitan area. A network of dis- 
tributed production centers can deliv- 
er a far more reliable supply than a 
system based on a single nuclear 
reactor. 

Objectives 
A limited set of technical 

objectives was undertaken owing 
to the very short (2-month) dura- 
tion of the project. 

Calculate expected production 
levels. 

Explore separation technolo- 
gies and synergy with acceler- 
ator production. 

Define key experiments need- 
ed for future development. 

Peer review the production 
concept. 

Accomplishments 

plishments were a peer review of 
our concept conducted at the end 
of the fiscal year, a patent idea 
record prepared and nearing com- 
pletion of reviews and approvals, 
a list of about two dozen experi- 
ments and analyses needed to 
achieve proof-of-concept, and a 
pilot demonstration of the system. 
These were delivered to the peer 
review team for comment. 

In the effort to calculate pro- 
duction levels, we were able to 

The major technical accom- 
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verlfy one related experiment 
reported in the recent literature 
and to establish the feasibility of 
the desired production scale. It 
also helped to identify various 
nuclear cross sections that need to 
be known with more accuracy, 
especially for the further consider- 
ation of impurities in the product. 

In the effort to survey chemi- 
cal separation technology, we 
identified at least four candidate 
technologies: chromatographic 
(alumina), solvent extraction, sub- 
limation, and chromatographic 
(gel) methods. We explored each 
of these at a reasonable level of 
detail and achieved a fairly in- 
depth understanding of the vari- 
ous advantages and disadvantages 
of each. The synergy of each with 
respect to accelerator production 
was explored. 

New or Inncreased Technical Capabilities 
This project assembled an 

integrated product team with 
expertise in small accelerator 
applications, physical chemistry, 
radiochemistry, mechanical 
design, and systems engineering. 
While these are existing capabili- 
ties at the INEL, the value of this 
project has been to work collec- 
tively on a concept for product 
development that can potentially 
deliver a sigruficant research project. 

On-Site 
F-18 Production 

LDRDWOBO 
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J. L. Jones, W.Y. Yoon, 
J. F. Harmon 

An electron accelerator-based 
system has been assessed for the 
photonuclear production of the med- 
ically useful fluorine- 18 isotope (a 
valuable, positron emitting radioiso- 
tope) at the end-user site (hospital) to 
support patient diagnostic medicine 
applications, especially for Positron 

Emission Tomography (PET). Vari- 
ous natural fluorine-containing com- 
pounds were experimentally and 
numerically assessed as possible 
candidate production materials using 
the INEL 13-MeV Varitron linear elec- 
tron accelerator. A separation 
method was selected that is directly 
compatible with existing, medically 
approved radiochemistry methods at 
PET centers. A liquid fluorocarbon in 
de-ionized water has proven to be 
the most promising for producing sin- 
gle patient F-18 treatment needs, 
using either a fully transportable 
(site-to-site) system, or for use at 
sites having existing x-ray therapy 
systems and basic radiochemistry 
capability. A conceptual trans- 
portable system design is presented. 
A market analysis of PET applica- 
tions has projected world wide rev- 
enues over $350 M per year as soon 
as 1998, and has indicated commer- 
cial viability for cost-effective, onsite 
fluorine- 18 production. Potential 
business opportonity collaborations 
for continued efforts are identified. 
Future tasks must verify the complete 
radiochemistry from production to 
patient drug sample preparation 
using commercially-practical electron 
beam energies up to 24 MeV. 

Objectives 
Identdy primary candidate 
production materials. 

Identify separation approach. 

0 Experimental production 
evaluation. 

Perform market analysis. 

Generate basic conceptual sys- 
tem design. 

Accomplishments 

Introduction. 
PET uses short-lived, positron- 

emitting, radioisotopes to enable 
detailed in vivo organ visualiza- 
tion and diagnostics of various 
biomedical processes related to 
neurology, cardiology, psychiatry, 
and especially, oncology via the 
detection of the 0.511 MeV annihi- 
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lation radiation. Fluorine-18 &e., 
F-18) is one of several short-lived 
radioisotopes that are used in PET 
scans. Specifically, F-18 is used as 
the workhorse for oncology appli- 
cations since, in the fluoro-2- 
deoxy-D-glucose (FDG) form, it is 
well suited for quantitative deter- 
mination of glucose and amino 
acid metabolism in cancerous cells. 
F-18, with its relatively longer half- 
life, permits adequate drug prepa- 
ration times, enables a more opti- 
mal match to many physiological 
phenomena in living organisms, 
and, because of its reactiveness, 
allows tagging of various medical- 
ly desirable compounds. 

Current F-18 production meth- 
ods provide multiple patient therapy 
needs (5-8 mCi per patient) with an 
initial bulk source production of 
100-400 mCi [lsF]. F-18 can be 
produced offsite in a nuclear reac- 
tor (>101*~em~/cm2/s) via a 
combined 6Li(n,a) t-+160(t,n)18F 
reaction or by means of a charged 
particle (i.e., nonelectron) accelerator 
via the 180(p,n)l8F or 20Ne(d,a)18F 
reactions; the former is the more 
common accelerator method. 
While the reactor method gener- 
ates higher activity F-18, it also 
generates as much as seven times 
higher tritium activity than that of 
the desired F-18, resulting in addi- 
tional tritium separation require- 
ments. Also, due to the remote 
locations of most nuclear reactor 
sites, a high activity delivery is 
required to a treatment site. The 
charged particle accelerator 
method (i.e., cyclotron) requires an 
onsite accelerator system with a 
dedicated operational facility, a 
costly target ($225/g of H2180) and 
enriched oxygen recovery system 
for the enriched oxygen method, 
and a high pressure target system 
for the neon method. 

nate, cost-effective, photoneutron- 
based method for onsite F-18 pro- 
duction using commercially avail- 
able electron accelerators [either 

This study assesses an alter- 

already at the medical site 
(enabling dual use applications: 
isotope production and x-ray ther- 
apy) or using ones transported to 
the medical site]. The latter 
approach enables expanded PET 
utilization to remote medical sites. 
In the photonuclear process the 
energetic electrons interact in an 
accelerator converter to generate 
energetic x-rays (bremsstrahlung 
radiation). The generated x-rays 
interact in a fluorine-19 (100% nat- 
ural abundance) production mater- 
ial to generate F-18 via the pho- 
tonuclear reaction: 19F(y,n)18F with 
a photon threshold energy of 10.4 
MeV. The resulting l8F ion will 
have sufficient recoil energy (-100 
keV) to leave the interaction site 
and permit separation from the 
associated base production material. 

In this assessment, effort was 
made to concentrate on inexpen- 
sive base production materials, to 
incorporate only minimal chem- 
istry separation requirements, and 
use only commercially available 
products. 

Candidate Production Materials. 
A study was made of the Can- 

didate production materials and 
the efficient separation method. 
Targets examined were CaF2/H20, 
Teflon/H20 and a liquid fluorocar- 
bon/H20. 

Experimental Evaluation. 
Various experimental assess- 

ments have been performed at 
INEL with the primary candidate 
production materials at standard 
room temperature and pressure 
using the INEL Varitron at the 
Idaho State University Particle 
Beam Laboratory. While the maxi- 
mum electron beam energy of this 
device is limited to 13-MeV, it has 
been quite adequate for this study 
and has permitted scale-up recom- 
mendations. 

Market Analysis. 
A market analysis was success- 

fully performed. The overall 
results will be highhghted in the 

Business Development Opportuni- 
ties section below. 

Conceptual System Design. 
Based on a 5-8 mCi per patient 

drug sample requirement, an elec- 
tron beam production system 
appears capable of generating sin- 
gle patient needs with a 1- to 2- 
hour irradiation of a liquid fluoro- 
carbon/H20-based production 
assembly. Two systems are pro- 
posed: a transportable integrated 
system , and a dual-use F-18 pro- 
duction system. The transportable 
system is trailer-mounted and inte- 
grates the actual photonuclear pro- 
duction, radiopharmaceutical 
preparation, and (optionally) the 
PET scanning unit in a single sys- 
tem capable of site-to-site mobility. 
The second system includes incor- 
poration of a simple, inexpensive 
liquid fluorocarbon/water assem- 
bly with existing high energy x-ray 
therapy systems to enable both 
radiation therapy and onsite F- 18 
production. The application of the 
latter system will depend on asso- 
ciated onsite facilities to handle 
subsequent radiochemistry (drug) 
preparation and the PET scanning 
operation. 

New or Increased Technical Capabilities 
Accelerator technology devel- 
opment supporting a national- 
ly recognized need to provide 
cost-effectively F-18 for med- 
ical applications. 

Opportunity to enhance the 
INEL Boron Neutron Capture 
Therapy program by enabling 
better in vivo B-10 monitoring 
via F-18 labeling. 

interests in exploring the com- 
mercialization opportunities in 
the medical radiopharmaceuti- 
cal markets. 

9 Supports continued INEL 

Business Development Opportunities 
PET is an expensive medical 

tool since it presently requires a 
charged particle accelerator (i.e., 
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cyclotron) with costs up to $12 M 
(excluding the building), a radio- 
pharmaceutical laboratory, and a 
PET unit ($1-2 M). An overall 
system cost reduction is critical to 
enhancing world wide PET mar- 
ketability. 

Market analysis (performed 
by the Idaho State University 
Business School) has shown that 
the market demand for onsite pro- 
duction of F-18 is derived from the 
overall demand for PET. Current- 
ly, there are about 200 PET centers 
around the world (-60 in the US.) 
resulting in a $139 M/year revenue 
stream. By 1998, world wide PET- 
use revenues are expected to be 
over $350 M per year with the 
dominate application in the 
oncology area. 

Because additional detailed 
design studies (based on a verified 
F-18 production-and-use cycle 
with a 18-25 MeV electron acceler- 
ator) still need to be performed to 
verlfy the scaled-up process, no 
industry collaborations have cur- 
rently been established for this 
effort. However, a potential radio- 
chemistry collaboration with the 
University of Washington Medical 
School (Seattle, WA) has now been 
identified to assess feasibility of 
the patient sample (FDG) prepara- 
tion process. Upon verification of 
the basic production and prepara- 
tion feasibility, CRADAs with 
medical accelerator vendors, 
(Siemen's Inc., Varian Associates, 
Inc., GE, etc) and/or radiophar- 
maceutical companies should be 
initiated. 

of this onsite production method 
can be greatly expanded if this 
method can also be made to pro- 
duce other desirable PET radioiso- 
topes. 

Finally, the economic benefits 

WERC University 
Design Competition 

LDRD W036 

D. Gombert 

The Waste Management Educa- 
tion and Research Consortium 
(WERC) sponsored by the DOE 
holds an annual competition for uni- 
versities nationwide to develop innov- 
ative engineering solutions to envi- 
ronmental problems. This year the 
WERC competition included two 
design problems: retrieval of the 
solid high-level waste saltcake in 
storage in the Hanford tank farm, and 
stabilization of the heavy metal conta- 
minated pond sludges at Rocky Flats. 
The design team, selected from appli- 
cants at the University of Idaho, 
developed a creative robotic saltcake 
fracturing and retrieval system to 
remove the H6 W from the under- 
ground storage tanks. The stabiliza- 
tion system using apatite, a naturally 
occurring mineral, was novel enough 
that the team was invited to Rocky 
Flats to discuss its use at that site. 
The University was then funded to do 
follow-on studies through the sum- 
mer. The complete design reports 
are on file at the university and the 
Lockheed Idaho LDRD office (contact 
Dr. Debonny Shoaf). The University 
of Idaho contact is Dr. Woody 
Admassu, 208-885-89 18. 

Objectives 

Establish an  interdisciplinary 
design team guided by faculty 
advisors to develop an engi- 
neering solution to the WERC 
problem statement. 

Analyze the problems and 
develop solutions based on 
library research, industrial 
contacts, and laboratory 
treatability studies. 

Develop a written proposal 
for technology implementa- 
tion, including a technically 

defensible explanation of the 
approach, experimental data, 
cost analysis, and a bibliogra- 
phy of all contacts made and 
references used. 

Develop and present an oral 
discussion of the proposal, 
including working laboratory- 
scale demonstrations of the 
required technology. 

Accomplishments 
All tasks were completed on 

time and within budget. Of the 25. 
universities represented in the 
national competition, the University 
of Idaho team went on to win top 
honors for the best poster presen- 
tation, and third overall. In addi- 
tion, they were invited to the 
Rocky Flats site to discuss their 
design under the belief that their 
concept could be more cost- 
effectively applied than that of the 
current commercial vendor. This 
demonstrates the practicality of 
the university design. 

remote drilling of salt cake, fol- 
lowed by injection of a cracking 
agent that expands on curing to 
break up the solid for retrieval by 
a robotic excavator. The stabiliza- 
tion proposal makes use of apatite, 
a naturally occurring calcium 
phosphate mineral, to reduce the 
solubility of the heavy metal cont- 
aminants. After the reviewers 
from Rocky Flats invited the 
design team to Colorado to dis- 
cuss their presentation in greater 
depth, the Rocky Flats Operations 
Office funded the university to do 
follow-on research through the 
summer. 

N m  or Increased Technical Capabilities 
The INEL can and should con- 

tinue to nurture and draw upon 
the emerging talent at our univer- 
sities. This type of activity not 
only provides practical experience 

The retrieval concept included 
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in the student curriculum, but 
involvement with the students is a 
fulfilling experience for the 

INEL mentor. In addition, 
some of the best technical talent at 
the university are exposed to the 
type of environmental remediation 
work available in the DOE complex. 

Business Development Opportunities 

ented, creative, and cost-effective. 
ms year, the W ~ C  
is to use a groundwater cleanup 
problem from Test Area North at 
the INEL. BY supporting this com- 
petition, we leverage our invest- 

ment by having 25 universities 

reduce the cost Of Operating the 
INEL. The potential cost saving 
can make funds available for other 
work to attract 
INEL. 

The university labor pool is tal- exploring possible Solutions to 

to the 
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Strategic Thrust 

ive me matter and motion, and I will G construct the universe. 

-Rene Descartes (1640) 
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Microstructural Influences 
on Corrosion 

LDRD 5610 

Treat coupons thermally using 
the in-house Geeble apparatus 
to simulate field welds. 

J. H. Wolfram 

Microbially influenced corrosion 
(ME) is a well accepted phenomena 
in the scientific community. However, 
it is not well understood mechanisti- 
cally, nor is it generally accepted by 
the engineering fields as a source 
contributing to the deterioration of 
metallic materials. The infrastructure 
of this country is deteriorating, often at 
a rate faster than current engineering 
models predict. Other phenomena 
than those considered in the model 
must be playing a role in the deterio- 
ration. Biological influences on mate- 
rials are very seldom considered for 
the role they play in degrading materi- 
als. Only recently has the intrinsic 
microbial degradative capacity on haz- 
ardous organic compounds been 
shown to be a viable and valuable 
means of treatment. 

This preliminary study is oriented 
to show that microorganisms in the 
fuel storage pool in the FAST building 
at CPP are able to attach to materials. 
Excessive pitting has been observed 
on the aluminum fuel storage cans. 
The FSA pool is lined with stainless 
steel, on which no has been observed 
as yet. In order to draw attention to 
the fact that the microbes present in 
the pool water could be attaching to 
stainless steel metallic surfaces, we 
wanted to develop a technique that 
shows attachment directly. This could 
lead to the initiation of an investigation 
into the possibility that pitting of stain- 
less steel could be caused or acceler- 
ated by the presence of microorgan- 
isms. Very little effort has been given 
to the potential of accelerated deterio- 
ration of materials in the nuclear 
industry, whether it be in power gener- 
ating facilities or in fuel storage and 
waste repositories. 

Objectives 
Develop and test a technique 
to directly detect the presence 
of viable organisms on stain- 
less steel coupons. 

Determine if microbes prefer- 
entially attach to thermal treat- 
ed coupons. 

Accomplishments 

The stainless steel coupons 
were prepared at CPP and treated 
with the Geeble apparatus by Dr. 
Dennis Clark. The thermal treat- 
ments were varied so that some 
coupons were heated more than 
others. The setup included simu- 
lating the heat-affected zone of 
welds. Many case studies have 
shown that the predominate area 
of MIC occurs in this region. Our 
first approach, then, was to deter- 
mine whether this is where most 
microbial attachment occurs. 

To do this, we needed a way to 
show directly that microbes were 
attached to the metallic surface. In 
the past, many investigators sim- 
ply smeared or removed the organ- 
isms from the surface that had 
been submerged in solution for a 
period of time. With this tech- 
nique, the investigator could not 
say unequivocally that the organ- 
isms were attached or in the water 
film. This technique also does not 
allow one to associate the organism 
with a location on the metal's sur- 
face. In the future, it would be 
important to show that the organ- 
isms in a specific location are also 
where a pit occurred. The tech- 
nique we developed uses a stain 
that attaches only to respiring cells. 
This informs us that at the time of 
staining the cells are actually alive; 
some stains indicate the DNA of 
live and dead cells. The coupons 
are removed from the test chamber 
and rinsed in sterile water to 
remove any cells not attached. 
The stain is then applied, excess 
stain removed, and the cells are 
fixed to the coupon for examina- 
tion under a microscope. The 

microscope has to be adapted with 
an ultraviolet light source and the 
appropriate filters to allow the cor- 
rect emission wavelengths to pass 
for viewing. After some trial and 
error, the technique has worked 
well and photographs are avail- 
able. In the black-and-white pho- 
tos, the cells show up as lighter 
spots. In color, the cell are red and 
stand out from any other back- 
ground spots. The stain is CTC 
(5-cyano-2,3-di-4tolyl-tetrazolium 
chloride). 

The thermal treatments were 
performed by the Welding Group 
at the IRC. The Geeble apparatus 
was used to apply a precise ther- 
mal treatment to each coupon. 
Each treated coupon reflected a 
portion of the heat-affected zone. 
The surface chemistry of the 
coupons with the highest thermal 
input (1000°C) should have a sur- 
face chemistry similar to an actual 
weld without the addition of the 
weld metal. The coupons were 
sterilized, placed on hangers (plas- 
tic), suspended, and submerged in 
a media solution containing 
approximately 10E5 FAST basin 
organisms. These organisms were 
isolated from the interior of a 
CPP 666 mock-up fuel can. The 
coupons were pulled out over dif- 
ferent time intervals in an attempt 
to study the attachment rate. 
These intervals spanned a time 
frame of several hours to a week in 
duration. Each coupon was count- 
ed using a grid system as shown in 
the figure at the top of the next 
page. The counts represent the 
number of individual viable organ- 
isms on a particular location based 
on the distance down a row from 
the machined hole in the coupon. 

New or Increased Technical Capabilities 

The INEL now has a technique 
for establishing a biofilm on metal 
coupons as a starting point to per- 
form new business ventures in the 
area of biocorrosion studies, 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



112 

37 

A 

18 

7 

National Infrastructure Technology Test Evaluation Center 

- 12.5- 

0 
I 

\ 
0 0 

0 0 

0 0 

0 0 

0 (7 

0 0 

0 0 

Approximate spacing 

. Start close to edge 

fual 

- 

nple grid 51 x 41 pm 

Dimensions in 
millimeters 

M96 0055 

Biosarnpling Scheme for Gleeble Coupons 

effectiveness of biocides on 
attached organisms, fouling of pip- 
ing surfaces, etc. We have visual- 
ization of actively respiring organ- 
isms on attached surfaces. And 
though no trend in the attachment 
of organisms the Geeble-treated 
coupons was observed, it is a 
potential way of assessing the 
inducibility of MIC. 

Business Development Opportunities 

This effort was in support of 
developing a means of assessing 
the pitting potential for corrosion 

of stainless steel in the FAST basin 
at CPP. If surface attachment 
mechanisms can be understood as 
a result of further investigations, 
then the potential exists to develop 
new biocides that will prevent and 
cause detachment of the biofilms at 
the surface. This would have great 
commercial potential, since many 
industries are experiencing prob- 
lems relating to surface/biofilm 
attachment. An long-term research 
initiative was written with a por- 
tion directed toward biocorrosion. 
A NATO-sponsored workshop is 

being organized by Wolfram on 
the subject of interim fuel storage 
pool deterioration as a result of 
microbial presence. This workshop 
is planned for 1996 and will be 
held in Hungary with participants 
from both NATO-member coun- 
tries and the cooperating partner 
countries. 

Advanced Combined 
Environments Test Station 

Scoping Studies 
LDRD 7603 

C. C. OBrien 

This project defined and studied 
the feasibility of the Advanced Com- 
bined Environments Test Station 
(ACETS) concept. ACETS is visual- 
ized as a facility with the capability to 
conduct testing of full- or large-scale 
structures under severe natural and 
man-made loads such as earthquakes 
and hostile acts (terrorist bombings). 
The station is defined as a subsurface 
ground motion test area, shake table, 
and reaction wall for seismic testing; a 
hurricane and tornado simulation facil- 
ity for wind and water damage testing; 
an aging facility to study accelerated 
natural material degradation; and a 
surface blast test area for hostile acts 
testing. The figure depicts the Station 
10 years out. 

ACETS is proposed as a major 
new mission for the INEL. Full-and 
large-scale structural testing has been 
identified by academia and industry 
alike as the missing element in life 
and property loss mitigation. By pro- 
viding this service in an affordable and 
accessible form, INEL will fulfill its 
mission as an applied engineering lab- 
oratory by benefiting the American 
public through mitigation of losses 
from natural disasters. As a state-of- 
the-art facility with size and capabilities 
unmatched in the world, the United 
States will re-establish itself as the 
leader in building technology. 

As a new mission, ACETS will 
enhance established INEL capabilities 
in various areas such as large-scale 
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test management, vibration testing, 
instrumentation, and modeling, and to 
define new areas of expertise. It will 
be a clean, constructive mission that 
will aid the local economy and provide 
tangible benefits on a national level. 

0 bjecfives 
Identify the need for seismic 
and wind test facilities. 

Define functional requirements 
of seismic and wind test facili- 
ties. 

Solicit and study ideas for 
unique mechanical drive tech- 
nologies for seismic and wind 
simulation. 

Prepare a comprehensive 
report on task findings. 

Accomplishments 

mic and wind test facilities was 
perhaps the easiest task of the pro- 
ject. Not only were previous stud- 
ies available, but support for full- 

Establishing the need for seis- 

and large-scale testing was readily 
obtainable from the structural engi- 
neering community. The team 
made extensive contacts with 
industry, academic, and agency 
professionals involved in hazard 
mitigation through conferences, 
arranged meetings, and the INEL 
Seismic Testing Workshop. 

The INEL Seismic Testing 
Workshop was a two-day event 
held in June. Nine internationally 
recognized experts on seismic engi- 
neering convened to discuss loss 
mitigation strategies and the role of 
full- and large-scale testing. The 
workshop validated previous stud- 
ies for needs and also proposed 
test facility functional require- 
ments. The workshop findings are 
detailed in the Proceedings of the 
INEL Seismic Testing Workshop, 
which is included as an appendix 
of the comprehensive report. 

We identified the functional 
requirements for a wind test facili- 
ty through previous studies and 

meetings with the wind engineer- 
ing leaders. Specifics are reported 
in the comprehensive report. 

The magnitude and sophistica- 
tion proposed of the seismic and 
wind test facilities requires perfor- 
mance beyond the levels possible 
with current testing technology. 
Consequently, a major task of the 
LDRD was to solicit and study 
ideas for unique mechanical drive 
technologies. We accomplished 
this by soliciting ideas on site 
through three brain storming ses- 
sions and assisting with the 1996 
LDRD call. In addition, ideas for a 
unique shake table concept and 
hurricane simulation mechanisms 
were identified through the Uni- 
versity Research Consortium. 
Other ideas evolved from profes- 
sional contacts outside the compa- 
ny. A complete report on these 
findings is contained in the com- 
prehensive report. 

sive report, issued September 30, 
1995 is as follows: 

The outline for the comprehen- 
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Appendices 
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Library Reference Lis 
Schedule/Milestones 
LDRD Budget 
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Mechanical Devices for Wind 

In situ Blast as a Seismic Simulator 
Aquifer Issues 
Blasting Contamination Issues 
Blasting Contamination Issues 

Wind Findings on Needs and 

Operations Plan 
INEL Seismic Testing Expertise 

New or Increased Technical Capabilities 

The INEL has raised its visibil- 
ity as an applied engineering labo- 
ratory by proposing and investigat- 
ing a mission of vital importance to 
the structural engineering commu- 
nity. Because of this visibility, the 
INEL was invited and participated 
in the Earthquake Engineering 
Research Institute workshop on 
U.S. seismic testing capabilities in 
July, and has been notified of sev- 
eral upcoming meetings and 
conferences. 

Business Development Opportunities 

collaboration with MIT and a 
shake table manufacturer, MTS, 
through the URC program. MTS is 
quite interested in the drive tech- 
nology under investigation by MIT 
and INEL. 

fied for ACETS are considerable. 

grated Product Team 

dations 

Existing Facilities 

Testing Workshop 

and Seismic Simulation 

Aging 

Existing Facilities 

The ACETS project included 

Business opportunities identi- 

Key applications would include 
verification of computer modeling, 
testing of new structural tech- 
niques and materials for faster 
delivery to the market, and better 
understanding of structural behav- 
ior for more effective building 
codes and laws. In addition, spin- 
off technologies are probable from 
the technology that must be devel- 
oped to build the facilities. 

Characterization of Aged 
Materials with NDE 

and Internal Friction 
Measurements 

LDRD 8501 

W. G. Reuter 

There is a strong need in many 
U. S. industries (petrochemical, 
nuclear and fossil power generators, 
aircraft, etc.) and in the infrasttucture 
(highway, bridges, sewers, and water 
lines, etc.) to extend the safe operat- 
ing lifetime of structural components. 
This is needed to enhance the U.S. 
competitiveness in the world market 
because replacement of the compo- 
nents is expensive and often requires 
a couple of years or more before the 
replacement process is completed. 

There are many factors that con- 
tribute to the deterioration of these 
structures during normal operating 
conditions. Some of these deteriora- 
tion mechanisms include corrosion, 
fatigue, embrittlement (e.g., irradiation, 
thermal), etc. The Idaho National 
Engineering Laboratory (INEL) has 
had experience in extending the life- 
time of structural components, in ATR, 
that experience irradiation embrittle- 
ment. Successful lifetime extension 
required that a team be developed 
that included expertise in fracture 
mechanics, NDE, and applied 
mechanics. This experience puts the 
INEL in a position to provide technology 
to industries that experience embrittle- 
ment regardless of the mechanism. 

The purpose of this research is 
two fold: 
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but the size limits of applicability 
have not been defined. In addi- 
tion, it has been possible to use 
NDE techniques to detect embrit- 
tlement, but the results are far from 
being conclusive. It is possible to 
suggest that qualitative capabilities 
exist for detecting and quantifymg 
embrittlement, but additional 
research is required before these 
techniques will provide quantita- 
tive estimates of fracture toughness. 

Methods to Predict. 
We recognized at the start of 

the project that much time and 
money could be spent on attempt- 
ing to identdy the critical micro- 
structural changes responsible for 
the embrittlement. This was why 
only a small effort has been made, 
to date, to identify the critical 
microstructures responsible for 
thermal embrittlement. It was not 
surprising to see that the findings 

from the open literature, from 
AMES Laboratory, and from mea- 
surements made at INEL were 
inconclusive and contradictory. 
But it was necessary to idenidy 
some of the difficulties in idenidy- 
ing the sigruficant microstructural 
changes responsible for embrittle- 
ment so that overly optimistic 
expectations would not develop. 
This is a path that needs to be con- 
tinued but will be expensive and 
time-consuming, but could be sig- 
nificant. It is also necessary to con- 
tinue to develop verified models 
for predicting the fracture process 
in structural components using test 
data generated from small  specimens. 

Proposal Submitted. 
A collaborative approach is in 

progress between S .  David (ORNL) 
and researchers at the INEL to 
develop a proposal for a 2% initia- 
tive. This collaboration is expected 

to be powerful owing to si@- 
cant, unique capabilities that exist 
at each of the two facilities. 

N m  or Increased Technical Capabilities 
We developed the ability to 

embrittle a structureal material 
simply by exposure to a noma1 
operating temperature and 
obtained an understanding of the 
difficulties associated with identi- 
fyng a critical microstructure 
responsible for embrittlement. 

Business Developm ent Opportunities 
We submitted a proposal to 

DOE for two percent initiative 
funding to study embrittlement of 
Alloy 718. A CRADA is being 
negotiated between Chevron Oil 
Company and the INEL to develop 
subsized test specimens to estimate 
fracture toughnbess for structural 
steels. 
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f I have seen farther than others, it is by standing I on the shoulders of giants. 

-An old saying 
quoted by Isaac Newton 
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Nondestructive Examination 
of Bottom-Crimped Seam 

on 55-gallon Drums 
LDRD 230 

D. C. Kunerth, G. D. Lassahn 

The Materials Physics Depart- 
ment is evaluating electromagnetic 
eddy-current techniques to determine 
the integrity of 55-gal drums based on 
wall thickness. The geometry of the 
bottom crimped seam is a test vari- 
able anticipated to present a problem. 
At best, a wall thickness measurement 
in the seam region is ill-defined, and 
an eddy-test response to material thin- 
ning by corrosion may be complicated 
by geometry variations resulting from 
manufacturing and handling. An 
approach to address this problem is to 
use a second inspection technique 
such as real-time x-ray radiography. 
Combining data from both techniques 
would help to ensure a more reliable 
determination of drum integrity. We 
propose that a real-time digital radiog- 
raphy technique be used with an 
eddy-current technique, and the com- 
bined data sets be examined in uni- 
son. We will adapt an existing proto- 
type image analysis system being 
developed by the Optical and Plasma 
Physics Department to examine, joint- 
ly or separately as appropriate, radi- 
ographic image and eddy-current data 
to locate flaws. This system is useful 
in finding subtle patterns not readily 
apparent, particularly in the joint 
analysis of data from several dis- 
parate sensor types. 

Objectives 

reliable tool for inspecting the 
integrity of corroded drums. 
Specifically, we plan to demon- 
strate the effectiveness of joint use 
of eddy-current and radiography 
inspection methods to verify drum 
integrity with particular attention 
to the difficult bottom crimp seam. 
Accomplishments 

X-ray radiographic and eddy- 
current data were acquired and 
evaluated for use with an existing 

Our objective is to develop a 

image analysis and data fusion sys- 
tem. Digital radiographic tech- 
niques were used to acquire images 
in the region of interest on 55-gal 
drums. The digital images obtained 
were processed to obtain files com- 
patible with the image analysis sys- 
tem. Similarly, eddy-current data 
were collected by a scanning system 
that could acquire, process, and 
produce two-dimensional data 
sets/images of barrel sections. 
The image analysis and data fusion 
system evaluated for use with these 
data has very general image analy- 
sis capabilities. Inherent in its oper- 
ation is a data fusion capability that 
rests on optimization of a linear 
combination of features extracted 
from the several images input to the 
system. Joint analysis of eddy- 
current and x-ray images is a natural 
application for the system. Mor- 
mation contained in the two images 
jointly but not available from either 
image separately would be easily 
extracted by the system. 

However, in this particular 
application, we found that the sys- 
tem could not find in the available 
x-ray data any information relevant 
to the integrity of the bottom seam 
of a 55gal drum, and combining 
the x-ray data with eddy-current 
data would not enhance the inspec- 
tion of that seam. 

The samples used contained no 
amount of rust to moderate 
amounts of rust. The geometry and 
the limited reduction in seam thick- 
ness makes acquisition of high- 
contrast digital x-ray images of the 
rusted seam areas difficult. We 
deem application of the technology 
to heavily rusted or defective seam 
areas not practical because of the 
obvious visual nature of the defec- 
tive regions. However, it is, of 
course, still possible that other 
kinds of data could be advanta- 
geously combined by this method. 
New or Increased Technical Capability 

Our efforts allowed the Materi- 
als Physics Department to develop 
improved NDE scanning capabili- 

ties that will directly contribute to 
existing and new programs. 

High Transition Temperature 
Superconducting Quantum 

Interference Devices for 
Nondestructive Examiniation 

LDRD 231 

K. L. Telschow, K. K. Haulenbeek, 
F.W. Bruneel, C. H. Sellers, 

C. Snow 

New high transition temperature 
SQUID (superconducting quantum 
interference devices) are the most 
sensitive detectors known for measur- 
ing magnetic fields, having a sensitivity 
of 100 ft at 77K. The new superwn- 
ducting materials allow operation at 
liquid nitrogen temperature, which 
makes implementation into industrially 
usable instruments much simpler than 
their low Tc cousins. This capability 
offers the potential for developing 
small, portable, perhaps hand-held, 
instrumentation that can be used for 
remote magnetic nondestructive eval- 
uation (NDE) of materials. The small 
size will allow inspection of industrially 
important structures, such as pipes. 
Suitable NDE probes are correlations 
between microstructure and magnetic 
parameters, such as coercivity, rema- 
nence, and permeability in ferromag- 
netic materials; susceptibility in para- 
magnetic materials; and high penetra- 
tion eddy currents in metals. All of 
these parameters reflect the underly- 
ing material microstructure and are 
measurable with SQUIDS. Two things 
are necessary for successful use of 
SQUIDS in NDE: (1) a means where- 
by unwanted external background 
magnetic fields (e.& the earth -70 pT) 
can be shielded or compensated for 
so that the SQUID can be used out- 
side the laboratory, and (2) method- 
ologies for transferring laboratory 
measurement techniques with their 
usually severe restrictions on sample 
size and shape to the local arbitrary 
geometry of samples found in indus- 
try. This project investigated some of 
the first uses of these new SQUIDS for 
NDE by researching answers to these 
questions. In particular, fatigue dam- 
age in stainless steel was quantitatively 
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measured on large samples repeatedly 
stressed in varying degree to failure. 

Objectives 

Purchase a high Tc SQUID 
sensor and associated drive 
electronics. 

Configure a sensor unit with 
appropriate shielding. 

Develop signal acquisition and 
analysis hardware and soft- 
ware to form a usable system. 

Begin measurements on identi- 
fied applications for demon- 
stration of capability. 

Accomplishments 
This project is based on using 

the new High Tc SQUID thin-film 
technology developed and recently 
marketed by Conductus Corpora- 
tion. These units are in bare sensor 
form, and their applicability to 
industrial environments is 
unproven. One of the first magne- 
tometer configurations produced 
has been installed at the INEL. It 
consists of a single-loop squid sys- 
tem with a minimum detectable 
field of about 100 fT. The system 
has a maximum bandwidth of 
20 KHz and barely maintains sta- 
bility in the laboratory background 
fields without shielding. A triple- 
wall shielded container was 
obtained that contained an access 
port such that samples of less than 
1-in. width could be translated 
beneath the sensor for measure- 
ment. This system simulates the 
type of measurement when per- 
forming NDE measurements on 
industrial structures, except that 
the shielding problem has been 
eliminated. The figure shows the 
shielded apparatus that allows 
samples to be translated under the 
sensor with standoff distances of 
about 5 to 15 mm. Without the 

external influences throughout the 
laboratory. h i d e  the shield, noise 
levels approaching the intrinsic 
level, as measured by Conductus, 
were recorded. The unit has a 
dynamic range of 108, extending 
its measurement range from 100 ff 
to 10 pT, while maintaining lock 
with a fixed number of flux quanta 
inside the sensor loop. It can oper- 
ate in background fields as large as 
100 Fir, though the noise level rises 
in the larger fields. The minimum 
detectable magnetic moment of a 
sample passing underneath 1 cm 
from the sensor is about 108 Bohr 
magnetons. This corresponds to a 
very small concentration of polar- 
ized magnetic atoms in a nonmag- 
netic host lattice. 

The first investigations per- 
formed with the SQUID sensor 
were in collaboration with other 
projects: BES-Engineering Research 
program NDE of Superconductors, 
where flux penetration in tapes for 
local critical current measurement 
is being explored; LDRD 2501, 
Development of Nondestructive 
Fatigue Monitor, where fatigue 
damage in stainless steel is mea- 
sured; and LDRD 8511, Lifetime 
Extension and Increased Reliability 
for Refinery Structures, where 

aging changes in microstructure 
are being probed magnetically. 

Samples of stainless steel 304 
were machined and subsequently 
cycled under stress by varying 
degree to full failure. Small cores 
were drilled, saturation magne- 
tized, and their moments measured 
both in the vibrating sample mag- 
netometer and with the SQUID. 
The results of both measurements 
agree and show a large increase in 
magnetic moment with position as 
the core sample gets closer to the 
failure point. Fatigue precipitates a 
magnetic phase in the originally 
nonmagnetic prepared stainless 
steel 304. Magnetic measurements 
record the amount of this sec- 
ondary phase present. Contrary to 
the VSM, the SQUID can be used 
on larger geometries. The larger 
fatigued samples clearly show 
increased magnetic precipitate for- 
mation in the high fatigue region 
of the samples. The signal-to-noise 
level for these measurements is 
about 107, indicating that very 
much smaller amounts of magnetic 
phase could be detected in a material 
with less background phase in its 
composition. These results illus- 
trate the high resolving power of 
the SQUID. 

Sample translation 
stage 

Sa 

shielding, very large background 
fields were observed that changed 
quickly, depending on the many 

Three-layer Shielded SQUID Sensor Apparatus Used for Magnetic Moment 
Measurement in Long Sample of 250-mm-or-Less Width 
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New designs for sensor arrays 
that compensate for background 
fields are being developed, and a 
gradiometer configuration has 
been purchased and is being evalu- 
ated. Ken Telschow attended the 
NATO Advanced Study Institute, 
SQUlD Sensors: Fundamentals, 
Fabrication, and Applications, held 
in Maratea, Italy, June 18-30, 1995. 
There he interacted with experts in 
SQUID measurements from around 
the world and discussed shielding 
and compensation methods applic- 
able to NDE. Ideas developed as a 
result of this interaction are being 
pursued at the INEL. 
New or Increased Technical Capability 

This project has established an 
entirely new key capability for the 
INEL. INEL has scientists experi- 
enced in the use of superconduc- 
tors and electromagnetic sensors 
for NDE, as well as materials scien- 
tists who correlate NDE measure- 
ments with microstructure. This 
constitutes a very effective team for 
developing new NDE tools for 
using the SQUID in industry. 
Business Development Opportunities 

ration Advanced Superconductor, 
(IGC-AS) of Waterbury, Connecti- 
cut have indicated that they would 
be interested in collaborating with 
the INEL to institute improve- 
ments in superconducting tape 
measurement methods using the 
new SQUIDS. Industrial partner- 
ships with the nuclear and oil and 
gas industry are being established 
in collaboration with the other 
LDRD projects cited. Preliminary 
discussions have also been made 
between INEL and Conductus Cor- 
poration for developing new NDE 
applications of SQUIDS. Ken 
Telschow presented a seminar, 
HTS-SQUIDS for NDE, August 29, 
to orient others at the INEL to the 
possibilities of SQUID sensors. A 
new working relationship has been 
established between the INEL and 

Intermagnetics General Corpo- 

the U.S. Air Force, Office of Scien- 
tific Research, as a result of NATO 
institute participation. 

Robust Nondestructive 
Examination Using 

Photorefractive Nonlinear 
Optics 
LDRD 232 

K. L. Telschow, T. C. Chatters, 
S. Garwick 

Photorefractive crystals (PRC) 
have been employed to design a wide 
range of nonlinear optical applications, 
including phase conjugation, image 
amplification, optical computing, and 
adaptive interferometry. Research 
over the past 10 years has brought 
considerable understanding about the 
physical mechanism and capabilities 
of the photorefractive effect. Much 
work is under way developing this 
effect for applications in optical com- 
puting, image processing, and 
telecommunications. Nondestructive 
evaluation (NDE) of materials and pro- 
cessing is an application for photore- 
fractivity that has been little explored, 
but could benefit greatly from this 
technology. Optical methods for the 
detection of ultrasonic and vibratory 
motion at material surfaces have been 
under development at the INEL for 
several years. The results of this 
work have contributed to the estab- 
lishment of laser ultrasonics as a new 
noncontacting materials charactenza- 
tion technology useful for process 
monitoring and NDE. Optical methods 
of ultrasonic vibration detection use 
interferometry and are performed in 
industrial environments where such 
external influences as low-frequency 
vibrations and image distortions from 
temperature and wind gradients are 
present. Photorefractivity offers a 
means for applying the sensitivity of 
optical interferometry to industrial set- 
tings through self adaptive compensa- 
tion. This project explored the use of 
photorefractivity in certain materials 
for development of a self-adaptive 

interferometric approach to the detec- 
tion of ultrasonic motion in materials. 
The project succeeded in demonstrat- 
ing photorefractive optical ultrasonic 
detection immune to low-frequency 
disturbances. A new approach for 
high-sensitivity optical measurement of 
vibration modes of structures was also 
investiaated usina Dhotorefractivitv. 

~ 
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Objectives 
Determine PRCs suitable for 
NDE applications using com- 
mercially available lasers 

with incident light power, ori- 
entation and phase modulation 

mixing in laser ultrasonic 
detection. 

Investigate PRC-phase modu- 

Characterize PRC response 

Implement PRC two-wave 

lation schemes for vibration 
mode structure analysis. 

Accomplishments 
The figure shows the experi- 

mental arrangement used for the 
two-wave mixing measurements of 
ultrasonic motion. The method 
mixes part of the laser beam scat- 
tered off the ultrasonically moving 
surface with the unshifted beam 
inside a PRC. The resulting dif- 
fraction grating contains all the 
low-frequency phase information 
of the two beams and produces a 
correlated output that is subse- 
quently mixed and detected with 
photodiodes. The operation was 
analyzed theoretically, including 
the polarization effects of all 
beams, PRC properties, and post- 
processing. The results then were 
compared with measurement as to 
mixing gain and signal response. 
Three crystals, in order of decreas- 
ing time constants, BaTiO,, 
Bi12Si020 (BSO), and GaAs have 
been purchased, and the analysis 
of the two slower crystals have 
been completed. Barium titanate 
has the highest photorefractive 
gain and the slowest response (>1 
sec). A contact piezoelectric trans- 
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ultrasonic 
wave 

detector Ly - ->+ orizontal 
component) 

PBS sample 
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(vertical 
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Experimental Setup for Detecting Ultrasonic Motion Using Two-Wave Mixing in a Photorefractive Crystal 

(SBCl . 0' , 

ducer (10 MHz) generated and 
detected ultrasonic waves in a 
plate of Inconel, 6-mm thick, from 
the back side. The signal-to-noise 
ratio using the BaTiO, photorefrac- 
tive crystal compares to that of the 
piezoelectric measurement. The 
slow response time of barium 
titanate makes this material ineffec- 
tive for nonlaboratory measure- 
ments, as it is too slow to cancel 
low-frequency vibration. Results 
with BSO were much better owing 
to its faster time response (-0.01 
sec); however, this material 
exhibits very low gain and corre- 
spondingly low-signal-to-noise 
ratio. The work with GaAs, which 
has a very fast time response (-10 
pec) but operable only in the near 
infrared, is still in progress. Other 
possible photorefractive materials 
have been identified and will be 
explored if future funding becomes 
available. The results from this 
project are very exciting, showing 
that the photorefractive method is 
a solution to many of the difficul- 
ties encountered in optically mea- 
suring ultrasonic motion. Success- 
ful implementation of this tech- 
nique could provide an optical 
ultrasonic transducer that is as 
easy to use as the contact piezo- 
electric. 

The project also investigated a 
new idea that could advance mea- 
surement of low-frequency vibra- 
tion modes of structures. It is 
called optical lock-in detection of 

vibration and uses the dynamic 
mixing properties of the photore- 
fractive effect to discriminate 
between phase modulations occur- 
ring at different frequencies, as 
would be encountered in light scat- 
tered from a structure vibrating in 
several modes simultaneously. In 
addition to the sample beam being 
modulated by the vibrating surface 
(simulated by the electro-optic 
modulator), the pump beam is 
modulated by a moveable mirror. 
Synchronization occurs when the 
two modulation frequencies are 
equal and discrimination occurs, 
except within the bandwidth of the 
PRC. In operation, this device 
would perform as a noncontacting 
vibration spectrum analyzer with 
subnanometer sensitivity. Some of 
the operating characteristics have 
been measured in the laboratory, 
and the operation has been mod- 
eled theoretically. The results form 
the basis of a conference presenta- 
tion and publication, T. C. Chat- 
ters and K. L. Telschow, Optical 
Lock-in Vibration Detection using 
Photorefractive Four-Wave Mixing, 
published in the Reviews of Progress 
in Quantitative NDE, (Plenum 
Press, New York, 1995). 
New or Increased Technical Capability 

Photorefractive adaptive inter- 
ferometry is a new capability for 
the INEL. It offers new possibili- 
ties for unique noncontacting (opti- 
cal) sensors for vibration and ultra- 

sonic motion detection. Its adap- 
tive nature is especially important 
because it allows adjustment to 
external undesirable influences 
automatically, thereby producing 
sensors compatible with the indus- 
trial environment. Experience 
gained on this project will allow 
consideration of photorefractivity 
for other sensor measurement pos- 
sibilities in the future. 
Business Development Opportunities 

Contacts have been made with 
Hughes Research Laboratories con- 
cerning photorefractivity for ultra- 
sonic detection. Future work will 
involve developing a material suit- 
ably optimized in time response 
and gain for laser ultrasonic detec- 
tion. The results of the optical lock- 
in technique have been presented 
at the conference above and sub- 
mitted for publication. An inven- 
tion disclosure is also being 
pursued for the optical lock-in 
vibration detection. 

Polymers - Water Separations, 
OzondOxygen Separations, 

Platform, and 
Laser-Assisted Polymerization 

LDRD 0248 

M. L. Stone 

Research was conducted relating 
to various aspects of phosphazene 
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polymer chemistty and properties. 
Four separate tasks afforded the 
opportunity to exploit the use of these 
and related polymers in industry appli- 
cation of interest to the INEL. 

Objectives 
e 

e 

e 

e 

Develop new polymers that 
will function as water passing 
semipermeable membranes 
that can survive harsh operat- 
ing conditions. 

Develop polymers that can 
function to separate ozone 
from oxygen. 

Develop polymers that have 
increased cyclic, crosslinked 
character, or both, that will 
provide the basis for new 
applications capabilities at the 
INEL. 

Explore methods for producing 
conducting polymers with 
improved properties and mor- 
phologies by exposing the 
polymer to laser light during 
electropolymerization. 

Accomplishments 
Water passing polymers. During 

FY-95, we achieved an increase in 
the efficiency of our water-passing 
polymers by one order of magni- 
tude. This was accomplished by 
the custom synthesis of mixed sub- 
stituent polyphosphazenes. One 
substituent was hydrophobic, with 
good film forming characteristics, 
while the other is hydrophilic. 
Four general classes of hydrophilic 
substituents were examined: 
methyl amine, mannitol (a sugar), 
sulfanilate salts, and polyethers. 

The most promising materials 
were derived from polyethers, par- 
ticularly diethylene glycol 
monomethyl ether (DEG). This 
material was attached in varying 
percentages to the polyphosp- 
hazene backbone in conjunction 
with either trifluoroethanol or 
cyclohexanol. Some of these poly- 
mers have excellent solubility in 

solvent and good film forming 
characteristics. Measured fluxes 
were an order of magnitude 
greater than other polyphosp- 
hazenes in our inventory. 

Other promising materials are 
those using mannitol as the 
hydrophilic component. Mixtures 
of mannitol with trifluoroethanol 
were found to give good films and 
swell in water readily. Several 
methyl amine containing polymers 
were synthesized, but we view 
their suitability as water passing 
membranes to be limited owing to 
inherent shattering behavior in 
water. In addition, initial experi- 
ments using sulfanilate salts as the 
hydrophilic substituent were 
unsuccessful because we could not 
attach this material to the polymer 
backbone. 

Ozone/Oxygen Interactions 
Polyphosphazene membranes 

were cast and exposed to a mixture 
of ozone in oxygen. Analyses were 
performed on the feeds and perme- 
ates. The polymers tested did not 
show high selectivities for either 
component. However, perhaps 
what is more important is that the 
polymers survived very well in the 
ozone/oxygen environment. This 
unusually good chemical resistance 
will be substantiated in the future. 

Platform Polymers. Research 
this year was aimed at creating 
what is known as a cyclolinear 
polymeric material. This is where 
cyclic phosphazenes are joined to 
each other using a spacer molecule. 

This required the compound 
N3P3C12(R)* to be synthesized. 
Once this tetrasubstituted trimer 
was synthesized, it could be made 
into a cyclolinear polymer by reac- 
tion of the remaining chlorides 
with a dimeric amine. We have 
synthesized the tetrasubstituted 
trimeric compound above and 
have polymerized it with a 
diamine. In two separate reactions, 
the resulting material had the 
properties of a low molecular- 
weight polymer and was not 

usable as membrane material. In 
both reactions, addition of the 
reagents was performed in antici- 
pation of requiring exact stoi- 
chiometry, but the results seem to 
indicate a lack of high molecular 
weight material being formed. 

We discovered why the syn- 
thesis of this type of polymer is 
extremely difficult. It requires 
scrupulously pure ingredients to 
build a polymer with an acceptable 
molecular weight. Owing to the 
stoichiometry of the polymeriza- 
tion, the first challenge was to 
synthesize a cyclic trimer that is 
tetrasubstituted. The synthesis of 
tetrasubstituted materials is diffi- 
cult since a product distribution 
always results. In the case of tetra- 
substituted stoichiometry, tri- 
through hexa-substituted products 
are all formed in the reaction. It 
then becomes necessary to separate 
the desired fraction through col- 
umn chromatography. Once the 
pure material is obtained, it 
becomes solid. Any impurities in 
the tetrasubstituted material results 
in defects in the cyclolinear 
growth process. For instance, any 
tri-substituted compound will 
form crosslinks and will branch 
cyclolinear chains. Any penta- 
substituted impurity will form a 
chain end and will effectively 
lower the molecular weight of the 
material. Even with a pure starting 
material, the addition of linking 
agents must also be stoichiometric 
in order to grow lengthy polymeric 
chains. Any excess of diamine will 
cause end-capping of the polymer 
chain; likewise, any excess of tetra- 
substituted trimer will also function 
to end-cap the polymer chains. 

Cycloli near 
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hser assisted e1ectropol~'mtion. 
Experiments were performed using 
both W and IR lasers. In both 
cases, the laser had a dramatic 
effect on the polymer produced. 
The W laser, under the existing 
experimental conditions, inhibited 
the growth of the polymer. In one 
case, the IR laser had the same 
effect. However, in another case, 
polymer was only produced when 
exposed to the IR laser. This tech- 
nique has the potential of control- 
lably producing unique materials. 
New m Increased Technical Capability 

This project was very produc- 
tive. It built upon a polymer synthe- 
sis capability started during M-94. 
More than 25 new water-passing 
polymers were attempted and pro- 
duced than ever before. Many of 
the polymers have good potential 
as membranes. Others should be 
useful in other applications. One of 
the potentially important features of 
the phosphazene polymers is the 
ability to design and synthesize 
materials with desired attributes. 
This project has demonstrated that 
to be true and opens doors for 
many applications in the future if 
these kinds of programs continue. 
Business Development Opportunities 

The results obtained through 
the work on the development and 
testing of water passing polyphos- 
phazene membranes has led to a 
CRADA with a chemical company. 

Iron Aluminide Filters for 
Improved Efficiency Fossil 

Energy Conversion 
0251 

B. H. Rabin 

The objective of this project has 
been to conduct a cooperative R&D 
effort involving the fdaho National 
Engineering Laboratory, an industrial 
partner, and the Department of Energy 

(DOE) Pittsburgh Energy Technology 
Center to fabricate and field test 
porous iron aluminide filters produced 
using a novel, patented powder pro- 
cessing method developed at the 
INEL. Iron aluminides are proposed 
to increase the performance of 
gaseous filter applications in fossil fuel 
power plants owing to their high 
strength, wear resistance, and notable 
sulfidation resistance; however, it is 
well known thaf fabrication of suitable 
controlled porosity structures by con- 
ventional powder processing methods 
is extremely difficult. It is expected 
that this work will demonstrate the via- 
bility of the unique lNEL processing 
technology as a low-cost manufactur- 
ing method, having significant market 
potential. If successful, the planned 
follow-on technology transfer efforts 
will involve either licensing or the cre- 
ation of a regional spin-off business. 

Objectives 
Fabricate and test porous iron 
aluminide filters using the 
patented INEL powder pro- 
cessing method. 

Perform collaborative work to 
optimize processing variables 
and improve material charac- 
teristics and performance. 

Demonstrate the commercial 
viability of this low-cost 
manufacturing method. 

Conduct market studies to 
evaluate the commercial value 
of this technology. 

Develop a plan for follow-on 
technology transfer. 

Technical Accomplishments 

study, a large number of Fe3Al 
(Fe-28 at.% Al) samples were fabri- 
cated using the novel combustion 
synthesis elemental powder pro- 
cessing method developed previ- 
ously at INEL and described in U.S. 
Patent 5,269,830. These samples 
were then characterized at the 
INEL using optical metallography, 

Throughout the course of this 

scanning electron microscopy, x- 
ray diffraction, and porosimetry. 
Experimental variables such as 
powder particle sizes, binder con- 
tent, compaction pressure, sinter- 
ing atmosphere, and annealing 
time were optimized in order to 
produce high-quality materials 
suitable for filtration performance 
testing. The testing was performed 
by our industrial partner, Pall 
Corp., Cortland, New York, the 
largest manufacturer of porous 
metal filters in the United States. 

A preliminary market analysis 
for porous iron aluminide filters 
was conducted with the assistance 
of Thermo Technology Ventures. 
We concluded that no current mar- 
ket exists since use of these materi- 
als in conventional coal fired 
power plants is precluded by their 
high cost relative to current cloth 
bag filtration technology. This sit- 
uation is unlikely to change with- 
out a change in air pollution con- 
trol (APC) regulations, though 
there are possible opportunities in 
eastern Europe where APC regula- 
tions are more stringent, and large 
capital expenditures for new APC 
equipment may be justified. We 
believe the market for iron alu- 
minide filters to be for use within 
pressurized fluidized bed combus- 
tors (PFBC) and coal gasification 
combined cycle (CGCC) power 
plants where requirements will 
definitely exist for elevated temper- 
ature high sulfur gaseous filtration. 
This market could reach $200M per 
year, though the timing for intro- 
duction of these technologies into 
the commercial power generation 
industry particularly depends on 
continued R&D funding by the 
Department of Energy. 

Samples were sent to Pall Cor- 
poration for evaluation using their 
standard testing procedures. The 
goal was to demonstrate the viabil- 
ity of the INEL processing method, 
and to compare the performance 
of the INEL material with that of 
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material having similar composi- 
tion being produced, with consid- 
erable difficulty, by Pall’s standard 
powder technology involving sin- 
tering of prealloyed powders. 
After dialogue and several itera- 
tions of new samples to Pall for 
evaluation, we were able to pro- 
duce samples that were compara- 
ble to the standard Pall material in 
terms of pore size and pressure 
drop characteristics. Since corro- 
sion resistance is an important 
performance criterion, Pall then 
evaluated the corrosion resistance 
of the INEL material in an acceler- 
ated coal combustion environment. 
The initial results show the INEL 
samples to exhibit significantly 
lower corrosion resistance than 
Pall’s samples made from preal- 
loyed powder. Subsequent 
improvements in our ability to 
control sintering atmosphere 
resulted in samples that exhibited 
comparable corrosion performance 
in the simulated tests. Pall subse- 
quently informed us that they had 
essentially solved the technical 
problems they were experiencing 
with fabrication of these materials 
using their standard processing 
technique, and therefore they had 
little need to continue pursuing the 
INEL technology as an alternative. 

In addition to our relationship 
with Pall Corporation, we received 
a request late in our project from 
Westinghouse Electric Corpora- 
tion’s Science and Technology Cen- 
ter in Pittsburgh, Pennsylvania, to 
evaluate some of our porous sam- 
ples in their test facility. Westing- 
house is a potential end user of this 
technology. The evaluations are 
still in progress at this time. 
New or Increased Technical Capability 

The INEL has gained consider- 
able experience in the area of pow- 
der fabrication and characteriza- 
tion of controlled porosity metallic 
materials. These capabilities can 
be applied to a wide variety of 
applications in addition to porous 

metals for gaseous filtration, and 
can be readily extended to differ- 
ent materials systems. 
Business Development Opportunities 

The relationship with Pall Cor- 
poration described above has 
essentially ended as a result of 
their ability to solve their fabrica- 
tion problems internally. Our rela- 
tionship with Westinghouse is con- 
tinuing in the hope that favorable 
test results will allow us to approach 
other porous metal manufacturers, 
which have already been identified, 
to serve as partners in the commer- 
cialization of this technology. 

Wear Coatings for Aluminum 
Automobile Engine 

Components 
LDRD 252 

R. N. Wright 

A miniature plasma spray system 
has been developed to deposit highly 
defined (approximately 2-mm width) 
metallic coatings. The plasma spray 
gun is wire fed and operates at 
approximately 70-kW power. Carbon 
steel and monel coatings have been 
successfully deposited on aluminum 
substrates using this system. The 
deposition rates, power levels, particle 
size distribution and particle tempera- 
ture have been characterized under a 
variety of operating conditions using 
monel wire as the feedstock. 

oratively with Ford Motor Company 
and the National Center for Manufac- 
turing Sciences to develop wear coat- 
ings for valve seats on aluminum 
automobile engine heads, one antici- 
pated application of this technology. 
Low-cost, reliable methods for produc- 
ing wear and corrosion coatings on 
aluminum heads is a technology that 
will enable widespread application of 
aluminum alloys, rather than conven- 
tional cast iron, which will result in 
weight reduction and improved fuel 
efficiency. 

Work has been carried out collab- 

125 

Objectives 
Design prototype miniature 
plasma spray gun 
Manufacture miniature gun 
and integrate it with conven- 
tional wire-feed system 

Test system and determine rela- 
tionship of operating conditions 
(current, gas flow, and wire 
feed rate) on gun performance 
and particle characteristics. 

bonding of monel coatings on 
aluminum substrates. 

Evaluate microstructure and 

Accomplishments 
A miniature plasma spray gun 

with and designed and built hav- 
ing an outside diameter of approxi- 
mately 50 mm and a length of 
approximately 150 mm. The gun 
operated at a power of approxi- 
mately 10 k W  and used commer- 
cially available power supplies, 
mass flow controllers, and wire a 
feeder. Deposits with a width of 
approximately 2 mm were pro- 
duced on aluminum substrates 
using either carbon steel or monel 
as the feedstock. Monel is one of 
the materials that Ford Motor is 
considering for valve seat cladding. 
The 10-kW gun was easily able to 
produce coatings at wire feed rates 
suitable for production scale appli- 
cation. 

The plasma gun was found to 
operate successfully over a range 
of 150 to 200 amps, with gas flow 
rates of approximately 30 to 80 scfm. 
Advanced diagnostic instruments 
developed at the INEL were used 
to characterize the resulting parti- 
cle temperature, size, and velocity 
in flight. Over the range of cur- 
rents and gas flow rates noted 
above, we determined that the 
average droplet size varied from 
approximately 38 to 75 pm, and the 
average particle temperature var- 
ied from 1570 to 1940°C. On aver- 
age, the particles were well above 
the melting point of the monel 
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alloy, approximately 1350°C. Parti- 
cle velocities were found to vary 
from approximately 60 to 150 m/s. 
The measured particle tempera- 
tures and velocities are very simi- 
lar to those expected for spraying 
nickel-based alloys using commer- 
cially available plasma spray sys- 
tems; however, the width of the 
spray pattern using the miniature 
gun is a minimum of a factor of 50 
less. 

Optical metallography of steel 
and monel coatings formed using 
the miniature gun indicate that 
essentially 100% of the particles 
were molten at impact and the 
coating density was above 99% of 
the theoretical value. Scanning 
electron microscopy and energy 
dispersive x-ray microanalysis 
indicate that with the monel alloy a 
thin reaction layer, presumed to be 
a nickel-aluminide, formed 
between the coating and the alu- 
minum substrate. The coatings 
displayed reasonable adhesion; 
however, the magnitude of adhe- 
sion is very difficult to quantify 
with the limited material available 
from the narrow deposit. 

A smaller plasma micro-torch 
was designed and built based on 
the performance of the miniature 
gun. The micro-gun had an out- 
side diameter of 25 mm and an 
overall length of 100 mm, which 
may make it more amenable to 
robotic control compared to the 
mini-gun. The torch was tested 
and found to operate at a power of 
approximately 5 kW with a spray 
pattern very similar in spatial reso- 
lution to the mini-gun. 
New or Increased Technical Capability 

We have demonstrated the 
ability to design and build a 
unique plasma spray system for 
application in producing highly 
defined coatings. Real-time 
process sensors previously devel- 
oped at the INEL, and unique to 
this laboratory, have been used to 
quanidy the performance of the 

plasma spray system, and modifi- 
cations to the gun have been intel- 
ligently made based on these 
results. 

The system developed has 
been tested specifically on a mate- 
rials system of interest to the auto- 
motive c o m m ~ t y ;  however, the 
miniature and micro guns may 
have much more broad applica- 
tion. There is possibility for direct- 
write metallization of copper inter- 
connects on circuit boards, rather 
than conventional lithographic 
methods. We are also pursuing 
application of high-definition (that 
is without using masks) coating 
technology to refurbish aircraft 
engine turbine blades, where cur- 
rently a great deal of labor and 
materials are used to cover those 
portions of the blade where depo- 
sition of coating is not desired. 
Business Development Opportunities 

A draft statement of work has 
been prepared for funding from 
the National Center for Manufac- 
turing Sciences to further develop 
this technology in collaboration 
with Ford Motor Company. The 
tasks outlined in the statement of 
work are specific to examining 
issues of thermal modification of 
the substrate and coating adhesion, 
with the eventual goal of engine 
testing wear coatings on valve 
seats. Funding is also being pur- 
sued from the Navy for refurbish- 
ment of thermal barrier coatings on 
turbine blades for military engines. 

Factors That Determine the 
Microstructure of Spray 

Deposited Materials 
LDRD 0253 

R. N. Wright, J. R.Fincke 

Developing coatings by spray 
deposition processes is currently car- 
ried out in an Edisonian manner. 
Real-time process sensors recently 

developed at the INEL now make it 
possible to determine the size distribu- 
tion, average temperature, and aver- 
age velocity of particles in flight. This 
project determined the influence of 
particle characteristics on the 
microstructure of the coatings that 
result from spray deposition. A simple 
model system, commercial purity nick- 
el on carbon steel substrates, was 
examined because the materials are 
well characterized in bulk form and 
are free of complicating factors such 
as phase transformations in the tem- 
perature range of interest. Determin- 
ing the influence of fundamental parti- 
cle characteristics on the development 
of coating microstructure will form the 
basis for scientific design of coatings 
and real-time control of the coating 
process. 

Objectives 
Design and build a constant 
temperature sample holder for 
spray deposition processes. 

Model heat transfer and resid- 
ual stress state for nickel coat- 
ings sprayed so that widely 
variable particle characteristics 
give rise to different tempera- 
ture gradients in the coating- 
substrate system. 

Validate models by experiment. 

Spray nickel coatings on car- 
bon steel substrates using the 
Plazjet plasma spray system 
over a wide range of process 
conditions. Evaluate coating 
microstructure using optical 
and scanning electron micro- 
scopies. 

Relate observed microstruc- 
tures to measured particle size 
distributions, temperatures, 
and velocities. 

Accomplishments 

been developed that simulate the 
development of residual stresses 
during coating deposition and sub- 
sequent cooling to ambient tempera- 

Finite element models have 
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ture in the nickel coating on carbon 
steel substrate system. Simulations 
suggest that there are three contri- 
butions to residual stresses in the 
system studied: thermal expansion 
mismatch between the materials, 
the thermal expansion and result- 
ing plastic deformation associated 
with rastering the torch across the 
substrate, and nonuniform cooling 
of the system associated with fix- 
turing required to hold the sub- 
strate during thermal spraying. 
Experiments have been used to 
validate the models. Coupons 
sprayed using a variety of process 
conditions have exhibited the type 
of gross deformation predicted by 
the finite element simulations. 

A water-cooled constant tem- 
perature substrate fixture has been 
designed and built that allows 
computer control of the translation 
of the coupon in the plume. Exper- 
iments were conducted to demon- 
strate substrate temperature con- 
trol using this fixture. Control of 
the substrate temperature allows 
control over one of the potentially 
important process variables that 
may influence microstructure 
formation. 

with conventional (uncontrolled) 
substrate fixturing and with the 
controlled temperature stage to 
examine the influence of particle 
characteristics on the microstruc- 
ture of nickel coatings on carbon 
steel substrates. Little first-order 
influence was found of tempera- 
ture on the microstructure: however, 
the finite element simulations 
showed a significant influence on 
development of residual stresses. 
Nickel particles with in-flight aver- 
age temperatures of either 1650 or 
2050°C were deposited with a 
range of velocities. We determined 
that in general the influence of par- 
ticle velocity on coating 
microstructure was minimal at the 
higher temperature. At 1650"C, 
higher velocities were found to 
increase the density of the coating, 

Experiments were carried out 

which is generally desirable. How- 
ever, the relative deposition effi- 
ciency (indicated by measurement 
of the coating thickness for the 
fixed spray conditions) decreased 
with increasing velocity, as did the 
fraction of particles that were 
unmelted. Both of these character- 
istics are undesirable. The relative 
deposition efficiency is also consid- 
erably higher for the lower temper- 
ature particles for a given velocity. 
The coating thickness measure- 
ments as a function of velocity are 
shown in the figure. The fraction 
of unmelted particles as a function 
of velocity was also studied. For 
this coating system, it appears that 
the optimum microstructures are 
formed using relatively low power 
and mass flow rates (correspond- 
ing to lower temperatures and 
velocities), which is counter to the 
industry rule of thumb that higher 
power yields better coatings. 
New or Increased Technical Capability 

increased the INEL core capability 
in the area of intelligent design and 
control of thermal spray processes. 
The process sensors used in the 
work are unique to this laboratory, 
and the ability to speclfy the particle 
characteristics necessary to produce 

The results of this work have 

optimum coating microstructures 
could only have been developed at 
the INEL. The finite element meth- 
ods developed have also found 
application in programs developing 
thin diamond films and in devel- 
oping a scientific understanding of 
the behavior of protective oxides 
on advanced alloys of interest to 
DOE. 
Business Development Activities 

University Research Consortium 
program with State University of 
New York at Stony Brook have 
lead to a collaborative research 
effort with Caterpillar to develop 
graded thermal barrier coatings for 
diesel engines. While further work 
is necessary to develop this tech- 
nology, Caterpillar is expecting to 
use methods developed here in 
production. We are also working 
with Lehigh University to develop 
intelligent methods to apply wear- 
and erosion-resistant coatings for 
fossil energy applications. We 
anticipate submitting a proposal to 
DOE, Office of Fossil Energy, or 
Energy Efficiency, to carry out this 
work with Lehigh and a consor- 
tium of power producers. 

The results of this work and a 
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Microbiology of Sugar Plant 
Flume Systems 

LDRD 305 

R. S. Cherry 

This project has characterized the 
growth and metabolic activity of the 
bacteria in the flume system and 
ponds of Amalgamated Sugar Co.’s 
Twin Falls sugar beet processing 
plant, one typical of the industry. The 
flume system floats beets from the 
unloading station into the processing 
plant. Under some conditions, this 
water system generates highly objec- 
tionable odors. We characterized the 
bacteria at key points in the water cir- 
culation loop and, to understand what 
determines their growth and odor- 
causing behavior, we tracked the 
sources and disposition of carbon, sul- 
fur, and dissolved oxygen in the sys- 
tem. The major cause of odors is the 
bacterial conversion of sulfate ions 
from a flue gas scrubber and organic 
materials derived from sugar beets 
into hydrogen sulfide. Poor control of 
pH in the flume system leads to the 
intermiffent evolution of this H2S from 
the flume water. Amalgamated plans 
to improve the flume system pH con- 
trol, perhaps with an automated con- 
trol system, and to test revised operat- 
ing procedures in the scrubber. 

Objectives 
Prepare flowsheets and materi- 
al balances of carbon, sulfur, 
and oxygen in the flume sys- 
tem at three different times 
(September, November, and 
February) during the six- 
month-long beet processing 
campaign. Log microbially 
sigruficant operating condi- 
tions at these times. 

Characterize the bacteria in the 
flume system by numbers, 
type, and metabolic activity. 

Identify mechanisms of odor 
formation and recommend 
operating or equipment 

changes to control them. 

Present results at the 28th Gen- 
eral Meeting of the Association 
of Sugar Beet Technologists in 
New Orleans, March 1995. 

Accomplishments 

is used to transport the beets and 
wash soil from them prior to pro- 
cessing (see the figure below). The 
ponds have a total volume of six 
million gallons; the water is circu- 
lated through the flume at a rate of 
roughly 6000 gpm. 

the presence of aerobic, hetero- 
trophic bacteria at all sites at lo7 to 
108 colony forming units/ml, 
except for the scrubber effluent, 
which was approximately 104 
CFU/ml. These are sigrhcant 
bacterial loadings, as expected. 
The varied colony morphologies 
observed in these platings indicate 
a consortium of bacteria. Si&- 
cant amounts of bacterial sulfate 
reduction activity were observed in 
every sample tested. 

The ponds where most bacterial 
activity occurs were anaerobic, 
with oxygen values at or below 
1 mg/L. Oxygen concentrations 
increase in the flumes where there 
is turbulent flow and good air con- 
tacting, but aerobic bacteria con- 
sume this oxygen in the clarifier. 
The redox data confirm that most 

The closed-circuit flume system 

Microbial sampling indicated 

Beet 
unloading 

I- 

Scrubber f 

of the system was anaerobic (-150 
to -300 mV). 

Between the September and 
November collections, there was a 
sigruficant increase in formic, lactic, 
and acetic acids, especially the lat- 
ter two, whereas butyric acid 
decreased. These changes indicate 
a shift in the bacterial species pre- 
sent and the environmental condi- 
tions in the flume water, which 
can affect the end products made 
by any particular species. 

In September, the flume pH 
was maintained at approximately 7. 
It was increased to pH 9-11 in 
mid-November. Although these 
averages do not show the poor 
hourly pH control, it was clearly 
difficult to maintain a constant pH 
at the clarifier. Swings of two pH 
points were common at the east 
manhole, the clarifier inlet, the 
3-acre pond, and the mud pond 
return. These swings can affect 
H2S release. The equilibrium 
between the volatile undissociated 
(H2S) and the nonvolatile dissociat- 
ed (HS) forms of hydrogen sulfide 
appears to be quite important in 
this system. As an acid-base reac- 
tion, the dissociation is very rapid, 
so the relative amounts of these 
species shift almost instantaneously 
as the pH changes. This can lead 
to rapid, large changes in the 
amount of the volatile H2S form, 
hence the sudden evolution of 
odors from the flume system. 

Beets to slicers Clear water 

4 
4 - Odors 

Clarifier 

1 
1 

I t  Flue gases 

Three Mud pond 

Sugar Beet Plant Flume System 
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This pH problem is particularly 
acute in the dryer scrubber. At the 
scrubber effluent conditions, the 
hydrogen sulfide is about 75% in 
the volatile H2S form. In addition, 
the high temperature there increas- 
es the volatility of th is hydrogen 
sulfide, so it would tend to be 
stripped into the scrubber effluent 
gas. This hydrogen sulfide would 
rise with the plume and not be 
detected at ground level at Amal- 
gamated’s plant site. However, as 
the plume disperses in the atmos- 
phere, odors might be noticeable 
well downwind of the plant. 

Amalgamated should operate the 
flume system with a pH near 9 
throughout the entire campaign. 
An automatic control system using 
an on-line pH probe with feedback 
control of lime addition would be 
appropriate. A higher effluent pH 
in scrubber might help address the 
stripping problem there. 

As a longer-term, more expen- 
sive option, if the other recommen- 
dations do not adequately address 
the odor problem, Amalgamated 
could consider adding an aeration 
step to the flume system. This aer- 
ation would operate continuously 
with the intent of microbially oxi- 
dizing organic acids that were 
formed elsewhere in the system. 
Removing them this way would 
greatly reduce the amount of sub- 
strate available to sulfate-reducing 
bacteria that make the H2S. 

New or Increased Technical Capability 
This project has allowed sever- 

al of the staff in the Biotechnology 
group to become familiar with the 
issues and problems of factory 
operations in addition to the labo- 
ratory research work. 
Business Development Opportunities 

Sugar beet farming and pro- 
cessing is a major industry in 
Idaho and other northern states. 
This project established a close 
working relationship between 

Based on our work, we believe 

INEL and Amalgamated Sugar Co., 
the technical leader in the sugar 
beet industry, in which we cooper- 
ated to analyze a great number of 
samples at both locations. INEL 
also learned of a major problem in 
the beet sugar industry, loss of 
sugar to bacteria in the refining 
process, which represents a major 
cost to producers. Our experience 
on the odor problem puts us in a 
good position to develop a partner- 
ship with the industry to address 
this problem. 

Alkylation Catalysts for 
Operation at Supercritical 

Fluid Conditions 
LDRD 1206 

B. D. Lee 

This LDRD is developing a solid 
catalyst supercritical fluid (SCF) isobu- 
tane alkylation process to replace the 
current liquid-acid catalyzed process 
used in the petroleum refining industry 
for gasoline manufacturing. The tech- 
nology utilizes the unique solvent 
extraction properties of SCFs to simul- 
taneously extract coke from porous 
catalysts while providing optimum 
reaction conditions, thereby yielding a 
process with increased reactivity, long 
catalyst lifetimes and improved 
process eficiency. 

vapor pressure isoparaffins and 
olefins to yield a low vapor pressure, 
high octane gasoline blend stock low 
in environmentally undesired compo- 
nents. Currently, alkylation employs 
a liquid acid catalyzed process using 
either highly concentrated sulfuric or 
hydrofluoric acid. These processes 
pose a serious safety and environ- 
mental threat through the transport, 
storage and processing of concentrated 
acids as well as in the disposal of 
acid-oil sludges. In addition, hydroflu- 
oric acid alkylation has come under 
strong environmental regulatory pres- 
sure. For these reasons, it is quite 
desirable to substitute a solid catalyst 
for the liquid acids. Solid catalysts 

Motor fuel alkylation couples high 

could replace liquid acids and elimi- 
nate the safety and environmental 
process concerns; however, solid cat- 
alysts deactivate rapidly due to the 
buildup of coke. Operation of a solid 
catalytic process at supercritical fluid 
conditions is being explored to control 
catalyst deactivation by the continu- 
ous extraction of coke from the cata- 
lyst surface and thereby produce a 
process that reduces refinery costs. 

Objectives 
Develop a bench-scale, contin- 
uous flow, fixed-bed catalytic 
reactor unit capable of study- 
ing the alkylation reaction at 
supercritical temperatures and 
pressures. 

Develop a solid catalyzed, 
supercritical fluid (SCF) isobu- 
tane alkylation process. 

Identdy and test solid acid cat- 
alyst for alkylation. 

Demonstrate effiaent reaction 

* 

at SCF conditions. 

Control catalyst deactivation 
by SCF extraction of coke 
forming compounds. 

Accomplishments 
The alkylation reaction over 

solid acid catalysts at SCF condi- 
tions was explored for the purpose 
of developing a fixed bed, solid 
catalyst alkylation process with 
sigruficant catalyst longevity. By 
mixing various compounds with 
the reactants, a SCF reaction mix- 
ture is produced that can be tuned 
to provide optimal reaction condi- 
tions for high rates of olefin con- 
version, high octane alkylate prod- 
uct, and catalyst longevity. 

We built a bench-scale, contin- 
uous flow experimental reactor 
unit that enabled us to study the 
solid catalyst reaction at both liquid 
and supercritical conditions. The 
reaction unit can be used to study 
reaction temperatures up to 350°C 
and pressures from ambient to 
6000 psig. 
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SCF reaction feeds were pro- 
duced using isobutane, trans-2- 
butene, and an added inert com- 
pound. Critical temperatures and 
pressures for the reaction mixtures 
with and without reaction prod- 
ucts were predicted using the 
ASPEN/PLUS process simulation 
code. 

Two classes of catalysts were 
studied, ultra stable Y (USY) zeo- 
lites, and a class of solid super acid 
catalyst; sulfated mixed metal 
oxides. The USY zeolites were 
obtained commercially while the 
sulfated mixed metal oxides were 
produced in-house. Sulfated 
mixed metal oxides were produced 
through precipitation, dehydration, 
sulfanation, and calcination tech- 
niques. Variations in metal con- 
centrations and levels of sulfanation 
were explored. 

catalyze the alkylation reaction. 
However, in addition to producing 
the desired C8 hydrocarbons, the 
zeolite catalyzed cracking reac- 
tions, producing C5 to C7 hydro- 
carbons; catalyzed oligomerization 
reactions, producing C9 and heav- 
ier hydrocarbons; and produced 
signhicant amounts of coke. The 
catalyst deactivated rapidly, within 
1 to 2 hours. The USY zeolites 
were determined to be poor cata- 
lyst for the alkylation reaction. 

The sulfated mixed metal 
oxide catalysts were found to be 
better alkylation catalysts at SCF 
conditions. One catalyst was 
found to have reasonable reaction 
rates, produce primarily C8 hydro- 
carbons, and show good catalyst 
stability, even up to 8 hours time 
on line. A comparison of SCF 
operation to liquid operation 
shows that the reaction rates com- 
pared very well, but the deactiva- 
tion rate at SCF conditions was 
over three times better than at liq- 
uid conditions. However, at both 
the SCF and liquid conditions, 
mass spectrometry analysis shows 

One USY zeolite was found to 

that the products were primarily 
olefins instead of the desired 
isoparaffins. Work is continuing to 
explore variations in the catalyst 
composition and process condi- 
tions that would improve the 
isoparaffin yields. 
New or Increased Technical Capability 

New or increased technical 
capabilities at the INEL produced 
by this LDRD are as follows: 

An experimental unit capable 
of studying continuous flow 
catalytic reactions in a fixed- 
bed reactor in either gas, liq- 
uid, or supercritical phases at 
temperatures up to 350°C and 
pressures up to 6,000 psig is 
now available at the INEL. 

Control of catalyst deactivation 
at SCF conditions has been 
shown for a solid alkylation 
catalyst. 

Experience has been gained in 
the study of solid catalysts for 
isobutane alkylation. 

Experience has been gained in 
the production of sulfated 
mixed metal oxide solid super 
acid catalysts. 

Expertise studying catalytic 
reactions in supercritical fluids 
has been increased. 

Business Development Opportunities 
The industrial application of 

this process can be highly si@- 
cant if the production of isoparaf- 
fins can be improved. In the U.S., 
Europe, and Asia/Pacific region, 
alkylation production capacity is 
currently at 1.2 million barrels per 
day, with expectations of 2.7 mil- 
lion barrels per day by the year 
2000. Investments in new plants 
and profits from the increased 
alkylation capacity are expected to 
be in the area of 2 billion dollars 
per year over the next ten years. 
Companies identified to have an 

interest in a finial product are Uni- 
versal Oil Products, Inc., Mobile 
Oil Co., and Ashland Petroleum 
Company. 

Mixed Microbial 
Encapsulated 

Fertilizer Amendments 
LDRD 1241 

P. A. Pryfogle, R. D. Rogers 

The scope of this investigation 
was primarily directed at determining 
the efficacy of the immobilized phos- 
phate ore and microorganisms in a 
pellet providing sufficient nutrients to 
enhance plant growth. This scope 
includes several tasks that were com- 
pleted in a logical order to properly 
evaluate the pellet's potential. 

Objectives 

The following tasks represent 
the objectives directing the 
research that was scheduled 
for FY95. They were broken 
down into seven activities. 

Incorporation of basic materi- 
als into pellets to support bac- 
terial metabolic requirements 
and initiate their activity. 

Select crop-plants for use in the 
plant growth experiments. 

Comparison of immobilized 
pellet material to commercial 
fertilizer. 

Establish a logical experimen- 
tal plan using a step-wise pro- 
gression leading to plot or field 
study scenarios. 

Evaluate economics of produc- 
tion and handling, examine 
market potential, and plan 
technology transfer. 

Develop requests for patents 
on any products, procedures, 
or ideas deemed potentially 
patentable. 
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Write and submit summary 
papers to refereed journals. 

Accomplishments 

cessful in providing information 
supporting the ability of the immo- 
bilized materials enhance plant 
growth. The development of mar- 
ket potential and technology trans- 
fer suffered some since there was 
some uncertainty associated with 
the proprietary ownership of 
inventions and products developed 
during this research and tied to 
CRADA documentation. The 
details of this problem are current- 
ly under consideration by both 
Lockheed Idaho Technologies 
Company (Lockheed Idaho) and 
T. R. Simplot, Pocatello, Idaho. 

Barley was selected as the test 
plant for our research. This plant 
has demonstrated a particular sen- 
sitivity to phosphorus deficiency 
which is revealed as blue-edges on 
leaf blades and stems under 
extreme deficiency. Plant growth 
and development are also means of 
expression for nutrient or physio- 
logical stress. While blue edges 
were never observed in our test 
plots, leaf necrosis and differences 
in plant growth patterns were evi- 
dent. 

Three different experiments 
were carried out over the course of 
the year. Two of the tests were 
conducted using sand. The sand 
was washed with an acid solution 
to remove possible soluble contam- 
inants (mainly phosphorus), and 
rinsed to a neutral pH. The first 
experiment with sand proved to be 
a learning experience that provid- 
ed many lessons on handling 
seedlings, growing, and harvesting 
conditions. The second sand 
experiment was determined to be 
successful in demonstrating the 
ability of the immobilized phos- 
phate ore and bacteria to support 
plant growth. In fact, the immobi- 
lized material appeared to be bet- 

Overall the research was suc- 

ter than the commercial fertilizer in 
the sand plots. There appeared to 
be a problem in the provision of 
secondary nutrients in the sand, so 
a third test was conducted using a 
typical desert soil, low in phospho- 
rus content. This test confirmed 
previous results and indicated that 
the immobilized material did sup- 
port luxurious plant growth, not 
only vegetative structure but grain 
production, too. 

The next series of tests are pro- 
jected to be completed in soil test 
plots outside the confines of a 
greenhouse. This would permit a 
more natural evaluation the plant 
growth potential for the immobi- 
lized materials. It is anticipated 
that as soon as the details are clear 
on the proprietary nature of this 
work this technology will be trans- 
ferred to an industrial partner. 
And, the plot tests will be a priority 
of interest and the responsibility of 
the technology union. 

Several areas of this work are 
under consideration for publica- 
tion. Due to the CRADA review 
process and other uncertainties at 
this time, these reports have not 
been submitted outside the 
research team. 
New or Increased Technical Capabilities 

This LDRD research provided 
an opportunity to develop techni- 
cal expertise for constructing mul- 
tiple component immobilized 
structures to perform complex bio- 
logically derived tasks. I believe 
one term used to describe the 
beads was "micro-scale bioreactor." 
This concept has many potential 
applications since it may be possi- 
ble to control microbial activity 
through specific inclusion (or 
exclusion) of materials added to 
the immobilization matrix. This in 
particular may be of interest to 
degradation applications where 
contaminant breakdown is a sec- 
ondary activity dependent upon 
the presence of a primary nutrient. 

Other avenues for the utiliza- 
tion of this technique are already 
under design and testing. And the 
success of this research should 
place our scientists in a favorable 
position for technology transfer 
once the intricacies have been 
resolved on the proprietary nature 
of the LITCO/Simplot CRADA. 
Business Development Opportunities 

Business opportunities have 
been identified, however the exact 
actions are pending legal review of 
the nature of proprietary rights 
between the CRADA partners J. R. 
Simplot and the INEL. In addition 
to Simplot's interest, Monsanto and 
Carghil have expressed an interest 
in this research and have indicated 
that some research monies would 
be available, depending upon the 
outcome of the CRADA review. 

Sensors for Control of 
Thermal Spray Processes 

LDRD 1301 

W. D. Swank, J.R. Fincke 

The thermal spray coating 
process is used extensively in the jet 
engine manufacturing and refurbishing 
industry, which represents only a frac- 
tion of the potential applications for 
thermally applied coatings. Other 
applications relate to assembly line 
manufacturing, for which it is neces- 
sary to continuously spray coatings of 
consistent quality. Uncontrollable 
variables in the process, such as noz- 
zle erosion and fuel heat content, 
have made it nearly impossible to do 
this without some kind of active con- 
trol. The lack of sensors that could 
detect variables directly related to the 
product quality is the reason active 
control has not been developed for 
thermal spray coating processes. This 
project is developing two sensors that 
can be used in real-time feed back 
control of spray forming and spray 
coating systems. The first is a particle 
spray position sensor. The position of 
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the particles and their flight path 
through the hot gas determines their 
thermal condition prior to impacting 
the substrate. Their position is detect- 
ed with the combination of light collec- 
tion optics and a position sensitive sili- 
con chip. The second sensor under 
development will measure particle 
velocity. It is described as 
LDRD 4082. 

Objectives 

Design optical, electrical, and 
mechanical components of the 
position sensor concepts. 

* Build bench-top prototypes of 
both sensors. 

Test both sensors for applica- 
bility and limitations on a ther- 
mal spray coating system. 

Present he capabilities and limi- 
tations of both sensors to poten- 
tial industrial collaborators. 

Design, fabricate, and test 
industrial, hardened versions 
of the sensors. 

Accomplishments 
A particle position sensor has been 
developed, fabricated, and demon- 
strated, consisting of a sensor head 
and associated electronics. The 
compact optical head of the posi- 
tion sensor consists of optics that 
image the particle spray field on a 
position-sensitive silicon chip. 
Optical filtering minimizes back- 
ground light interference. Integral 
to the measurement head is an iris 
that, when used with the level 
meter on the front panel of the 
electronics, provides a ready 
means for optimizing signal levels. 
The particle position sensor is 
insensitive to particle loading (par- 
ticle feed rate), particle composi- 
tion, and particle size distribution. 
A digital front panel display visu- 
ally indicates spray pattern posi- 
tion. Through the use of a zero 
adjust feature, the readout may be 
zeroed for the baseline spray pat- 

National Derived Use Technology Transfer Center - 

tern trajectory. Deviations are read 
as a positive or negative delta in 
the spray field position. A 10-volt 
analog output, proportional to 
spray pattern position, inputs to 
data acquisition and controllers. 

The particle position sensor 
senses the position of the spray 
pattern centroid relative to the 
torch centerline or other reference 
data. The figure shows changes in 
the particle spray field position as 
the particle temperature is being 
controlled over a 100°C interval. 
In this case, the particle position 
varies over a range of 4 mm. Even 
small variations such as this can 
mean a sigruficant amount of over 
spray and are a clear indication of 
torch malfunctions such as nozzle 
loading. When spray position 
sensing is available, changes in 
spray pattern trajectory can be eas- 
ily compensated for by altering 
particle injection velocity, optimiz- 
ing spray gun trajectory, or both. 

New m Increased Technical Capabilities 
The thermal spray coating 

process is unpredictable from one 
run to the next, resulting in coated 
parts that do not meet specifica- 
tions. Then, at great expense, these 
parts must be either refurbished or 

scraped. This project has the 
potential to reduce the cost and 
improve the quality and reliability 
of thermally sprayed coatings. 
Also, with increased reliability 
comes an increase in applications 
for thermally sprayed coatings. 
Expanded use in the automotive 
industry could easily increase the 
thermal spray market by 50%, 
while making many automotive 
manufacturing processes si@- 
cantly more cost effective (7'hermaZ 
Spray Coating, State-of-the-Art 
Assessment, unpublished, The 
National Center for Manufacturing 
Sciences). 
Business Dmelopment Opportunities 

close a CRADA with Tafa Inc., in 
which an industrial, hardened in- 
flight particle pyrometer (IPP) was 
developed. Tafa has developed 
and markets a computer-based 
robot/process controller (HAWCS 
II) that has the capability to accept 
input from sensors and deliver out- 
put to process control consoles. 
This computer controller has not 
been used to its fullest potential 
owing to the lack of suitable sen- 
sors. With the development of the 
IPP and the particle position sen- 
sor, Tafa has expressed intent to 

December FY-95 will bring to a 
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continue its advancement of a con- 
trol system for thermal spray 
processes. 

ments are in place, end users of 
thermal spray coating processes, 
such as Pratt & Whitney, General 
Electric, and Ford Motor Company 
have expressed interest in sprayed 
particle sensors and controls. 

Although no formal agree- 

include the use of aluminum 
foam, multi-layer insulation 
blankets, vapor-cooled shielding, 
and radiative cooling. 

Idenbfy the key technology dri- 
vers associated with long-term 
hydrogen storage, such as ther- 
mal isolation materials, low- 
temperature radiators, and the 
systems required for both liq- 
uid and solid cryogenic storage. 

Heat Transfer 
Through Solid Cryogen 

LDRD 1302 

Develop a baseline design con- 
cept of a long-term hydrogen 
storage system. 

A. S. Siahpush 

We are investigating the storage 
of hydrogen in a solid phase. In order 
to provide uniform cooling/freezing of 
the cryogenic material, an aluminum 
foam can be positioned in the tank. 
The foam provides dynamic stability 
during transportation and uniformly 
conducts the heat away from the cryo- 
genic material during the freezing 
process. There has been no research 
performed on this new technique to 
determine the effective thermal con- 
ductivity and system efficiency of the 
cryogenic process. 

Business Development Opportunities 
This new technology has 

attracted several potential cus- 
tomers. The Materials and Aero- 
space Corporation is very interested 
in cooperating with INEL in this 
research. 

Concentration 
Technologies 

LDRD 1303 

T. D. Turner 

positive results are only indicators of 
the improvements that could be 
realized. 

determine the total impact the ultra- 
sonic concept could have. There is 
substantial need for improved concen- 
tration technologies in many markets, 
i. e., perfume, pharmaceutical, environ- 
mental, and the petrochemical mar- 
kets. For example, in the petrochemi- 
cal market approximately 90% of all 
refinery processes involve some type 
of concentration or distillation. In 
addition, approximately 90% of the 
energy cost of producing petrochemi- 
cal products are in these processes. 
Improving the concentration or distilla- 
tion process by only a small percent, 
could result in large savings to the 
industry. We anticipate that similar 
needs and conditions could be found 
in the other industries. 

At this time it is still difficult to 

Objectives 

Investigate the petrochemical 
market to determine if there is 
a need for improved concentra- 
tion and distillation. 

Test to assess the application of 
this technology in some area of 
the petrochemical market. 

Objectives 

The scope of this project 
includes concept development of 
new and unique methods of stor- 
ing hydrogen for either utility or 
transportation system use. 

Study the concept of a refreez- 
able solid cryogen. 

Define an envelope of cryo- 
genic requirements that will 
bound parametric trade-off 
studies of viable options and 
the basis of a conceptual 
design. 

ies for a variety of liquid and 
solid hydrogen storage 
options. The studies will 

0 

Perform parametric trade stud- 

The Contaminant Analysis 
Automation project developed a con- 
cept for improving results during con- 
centration of liquids. Typically, conta- 
minants to be analyzed are dissolved 
in organic solvents, and they are often 
in low concentrations. Our concept 
uses ultrasonic energy to increase the 
concentrations of the solute, and 
therefore the recovery of the com- 
pounds of interest. This project inves- 
tigated the possibilities of using this 
technology in a number of industries, 
though we found the petrochemical 
industry to have a large number of 
processes that involve concentration, 
and our efforts were directed toward 
that market. Several tests were run to 
decide if the ultrasound methods 
could be applied. Test data have 
shown some positive gains using 
ultrasonics. However, owing to the 
limitations of time and scope these 

Consult with experts in the 
fields of interest to determine 
their assessment of the 
technology. 

Accomplishments 

The application of ultrasonics 
was part of a concept to automate 
the solvent concentration proce- 
dure in the environmental labora- 
tory, primarily the Kuderna-Danish, 
Snyder ball concentrator. Testing 
has shown small improvements in 
this process, but enough testing to 
optimize the process has not been 
done. Time limitations during the 
design of the automated instrument 
required the suspension of the 
ultrasonic testing and all efforts 
were put into development of the 
concentration instrument. 
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The first step was idenbfymg 
other industries that concentrate 
liquids as part of their process. An 
obvious field was the environmen- 
tal area, and a prototype instru- 
ment was built. Investigation 
showed that the petrochemical and 
perfume industries also used simi- 
lar concentration methods to pro- 
duce their products. 

A petrochemical engineer at 
the INEL was contacted, and the 
technology presented to him. He 
believes there is a substantial 
potential in the industry and 
agreed to do some basic testing 
that would provide a baseline of 
information. The following 
excerpts are from his final report. 

"Distillation is the primary 
method used to separate com- 
pounds in the petroleum refining 
and chemical industries. In petro- 
leum refining industry, distillation 
is very capital and energy inten- 
sive. Approximately 90% of a 
plant's capital costs and 90% of the 
energy used operations are associ- 
ated with distillation. Distillation 
columns employ either trays or 
packing to provide contact 
between the liquid and vapor 
phases.. . . 

"Ultrasonics were explored as 
an alternative method to increase 
the interaction between liquid and 
vapor. By providing ultrasonic 
waves within a distillation column, 
nucleation sites for liquid conden- 
sation could be provided. If the 
use of ultrasonics could replace 
trays or packing or reduce the 
spacing between trays or the HEPT 
(theoretical plate) of packing, the 
capital costs associated with distil- 
lation could be reduced. Addition- 
ally, if more theoretical plates 
could be achieved within a col- 
umn, the reflux ratio required for 
separation could be reduced, 
decreasing distillation energy con- 
sump tion." 

mine some basic base line data for 
ultrasonics in the petrochemical 

Several tests were run to deter- 

industry. Although several tests 
showed little or no effect, the use 
of the ultrasonic transducer did 
improve distillation efficiency in 
the experiment when the heat 
effects of the transducer were com- 
pensated for. 

Our investigation also included 
an outside chemist consultant. He 
believed that based on the prelimi- 
nary and limited test data, there 
are indications that ultrasonic energy 
applied at the reflux column can 
provide better results, even though 
the effect is very small under the 
current configuration. 

New or Increased Technical Capabilities 
We have been able to increase 

our understanding of how ultra- 
sonic energy can assist in improv- 
ing the separation in concentration 
and distillation operations. Test 
methods have been improved, and 
some problems have surfaced that 
will allow us to redirect further 
testing in order to improve the sep- 
aration processes. We have deter- 
mined that, even though the effects 
are small at this time, optimization 
of the process may provide a new 
and valuable method in concentra- 
tion and distillation technologies. 

Business Development Opportunities 

ing a small effect at this time, are 
Our initial results, while show- 

Molten metal 

encouraging. Based on our discus- 
sions with petroleum engineers 
and representatives from other 
industries, this may well be a 
viable solute concentrating 
method. With the improvement of 
this technology, there are many 
industrial markets that could bene- 
fit from improved concentration 
and distillation. 

Site-Specific Technologies 
for Agriculture: 

Pilot Project 
LDRD 2278 

R. L. Hoskinson 

Agriculture today faces two major 
problems: declining profits and the 
adverse impact of agricultural prac- 
tices on the environment. Both of 
these problems can be addressed by 
site-specific technologies for agricul- 
ture (SST4Ag). The objective of these 
technologies is to use sensors, instru- 
mentation, controls, robotics, image 
analysis, computer software, and deci- 
sion supporf systems tp apply agricul- 
ture inputs only when and where 
necessary. Instead of treating a field 
as a uniform piece of land, SST4Ag 
treats each parf of the field according 
to the variations of soil conditions and 
crop status. By excluding unneeded 

Induction coil 

Heated substrate 

Spray Casting 

M96 0050 
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chemicals and energy inputs, farmers 
save costs and avoid polluting the 
environment. SST4Ag aims to com- 
bine recent advances in science and 
technology to make site-specific fann- 
ing available, affordable, and flexible 
enough to be used throughout the 
United States, and eventually the 
world 

0 bjectives 

Database Systems-GIS (pre- 
scription algorithm), relational, 
and model interfaces: 

Calculate GIs optimization and 
analysis routines for maximum 
production efficiency. 

Develop 1995 series of inde- 
pendent coverage maps. 

Integrate independent cover- 
age maps into a combined field 
characterization map. 

Develop digital interface 
between University of Idaho 
crop model and GIs. 

Develop digital GIs output 
based on University of Idaho 
crop model prescriptions for 
site-specific application by 
smart machines. 

Develop 1995 site-specific yield 
maps. 

Initiate software development 
CRADA and technology 
transfer. 

Crop and Field Information 
Management Network 

Evaluate preliminary bench 
and field test data. 

Enhance and improve devel- 
oped hardware systems, based 
on field tests. 

Field test improved hardware 
systems (site-specific delivery 
of model's prescription). 

Evaluate results of testing. 

Document and report results. 

Initiate technology transfer. 

Sensors and Controls 
Engineering: 

- Support engineering for inter- 
facing a regional positioning 
system into the SST4Ag. 

- Support industry partners in 
hardware and sensor design 
for smart machines. 

Technical Accomplishments 

accomplished in FY-95: 
The following activities were 

Conducted complete soil nutri- 
ent sampling and mapping. 

Collected irrigation seasonal 
data, including soil moisture 
sensors and rain gauges. 

Initiated environmental baselin- 
ing of agricultural ecosystem. 

Conducted soil microbial 
assessment sampling collecting. 

Conducted field assessment of 
GPS accuracy. 

Designed and built soil physics 
mapping sulky. 

Conducted complete field soil 
physics mapping using INEL 
sulky. 

Installed two meteorological 
weather monitoring stations. 

Developed prototype SST4Ag 
computer workstation environ- 
ment. 

Collected intensive GPS data 
defining features in and 
around research fields. 

Supported INEL mapping at 
Ricks College farm. 

Conducted INEL/ Washington 
State University /USDA-ARS 
grain monitoring. 

Collaborated with University 
of Idaho and USDA on Missis- 
sippi soybean yield research. 

Monitored harvest yield. 

Acquired and developed 
SST4Ag workstation environ- 
ment. 

Built and demonstrated proto- 
type information management 
system IMS4Ag. 

Developed a series of indepen- 
dent GIs coverage maps for 
baseline data. 

Conducted a briefing and 
review meeting for nationwide 
agriculture industry. 

Participated in USDA national 
field day for sitespecific farming. 

Nao or Increased Technical Capability 
The National SST4Ag project 

has been in progress for the past 
two years, during which the 
SST4Ag project has gained national 
recognition for Lockheed Idaho 
Technologies and the Idaho 
National Engineering Laboratory 
as a leader in site-specific technolo- 
gies for agriculture. The project 
has produced a significant amount 
of intellectual property for Lock- 
heed Idaho and the INEL. 
Business Development Opportunities 

potential license opportunities for 
LMIT have resulted: 

The following CRADAs and 

A CRADA is near signing with 
ESRI, which includes develop- 
ment of software that will be 
licensed (an invention disclo- 
sure has been filed). 

A CRADA with Micro-Trak is 
in progress. 

A CRADA with Trimble Navi- 
gation is in progress. 

An information management 
system prototype called 
IMS4Ag has been developed, 
which has strong potential to 
be licensed (three invention 
disclosures have been filed). 

A field-deployed geophysical 
sensor system, which includes 
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the sulky, has been built and 
tested, and has potential as a 
licensed or marketed system. 

Development of Nondestructive 
Fatigue Monitor 

LDRD 2501 

P. E. MacDonald, V. N. Shah, 
D. W. Akers, C. H. Sellers, 

K. L. Telschow 

The project is developing nonde- 
structive evaluation (NDE) methods to 
characterize microstructural changes 
caused by three major degradation 
mechanisms active in light water reac- 
tors: fatigue, radiation embrittlement, 
and thermal aging. The methods will 
detect and correlate the microstructur- 
al changes that are precursors of 
fatigue cracking and that are associat- 
ed with radiation embrittlement and 
thermal aging, so that remedial mea- 
sures can be timely and economically 
taken. Quantitative characterization of 
nuclear power plant material damage 
will help justify the current operation 
and any life extension of nuclear 
power plants, which would result in 
significant savings. 

activities: ( 1 )  assessment of NDE 
methods for characterization of 
microstructural changes associated 
with aging of nuclear power plant 
materials, and (2) development of 
NDE methods for in situ characteriza- 
tion of fatigue damage. A state-of- 
the-art report on microstructural 
changes associated with fa figue, radi- 
ation embrittlement, and thermal aging 
was prepared. The report identifies 
the appropriate nondestructive exami- 
nation techniques for characterization 
of these changes. 

Two nondestructive methods for 
in situ characterization of fatigue dam- 
age in austenitic stainless steel com- 
ponents such as PWR surge lines and 
safefy injecfion lines are being devel- 
oped during FY 1995: positron annihi- 
lation, and magnetics using a high- 
temperature superconducting quan- 
tum interference device (SQUID). Ini- 

The project was organized in two 

tial test results show that these meth- 
ods can defect microstructural 
changes at a very early stage prior to 
fatigue crack initiation; as little as 5% 
fatigue damage can be detected. 

Objectives 
e 

e 

e 

Develop indepth understand- 
ing of microstructural changes 
in nuclear power plant materials 
caused by fatigue, radiation 
embrittlement, and thermal 
aging. Identrfy appropriate 
NDE techniques to characterize 
these changes. 

Design, fabricate, and fatigue 
test austenitic stainless steel 
specimens. 

Perform positron annihilation 
measurements on the fatigued 
specimens, and develop a 
methodology to correlate the 
measurements with the esti- 
mated fatigue damage. 

Configure a SQUID sensor for 
measuring the magnetic field 
of specimens placed in an 
extremely low ambient mag- 
netic field (in a shielded 
enclosure). 

Develop methodologies for 
SQUID measurement of the 
remanent magnetic field of 
Type 304 stainless steel sam- 
ples with small concentrations 
of ferromagnetic phase such as 
martensite. Correlate these 
measurements with fatigue 
damage and also with the 
martensite contents measured 
using another magnetic 
technique. 

Technical Accomplishments 
We performed an indepth 

assessment of advanced NDE tech- 
niques for quantitative characteri- 
zation of the microstructural 
changes in light water reactor 
structural materials caused by 
three different degradation mecha- 

nisms: fatigue, radiation embrittle- 
ment, and thermal aging. Two 
NDE techniques were identified 
for characterization of fatigue dam- 
age: positron annihilation and 
magnetic measurements with a 
SQUID sensor. 

Preliminary test results show 
that the positron annihilation 
results and SQUID measurements 
can be correlated to fatigue dam- 
age in Type 304 stainless steel spec- 
imens. The positron annihilation 
spectra show different live shapes 
as a function of fatigue. These 
shapes were measured, character- 
ized, and compared for differing 
amounts of fatigue, including zero 
fatigue. The positron annihilation 
method was shown to be a viable 
method for examing metal fatigue. 

The austenite-to-martensite 
transformation in austenitic stain- 
less steels primarily takes place on 
cooling, but it can be induced by 
plastic deformation associated with 
fatigue. Because martensite is fer- 
romagnetic and austenite is not, 
the amount of martensite can be 
estimated by measuring the rema- 
nent magnetization of a specimen. 
High-temperature SQUID was 
used to measure the remanent 
magnetization of a number of spec- 
imens having varying levels of 
fatigue damage. The maximum of 
the magnetization is present at the 
midpoint of the sample, and it 
increases with the increase in the 
fatigue damage. A correlation 
exists between the remanent mag- 
netization and the martensite con- 
tent measured with vibrating sam- 
ple magnetometry. Several factors 
affect the martensite transforma- 
tion: temperature, chemical compo- 
sition, deformation rate, and cold 
work. Their effect on magnetic 
measurements needs to be evaluat- 
ed before this technique can be 
applied in the field. 
New Technical Capability 

Further development of the 
NDE methods being evaluated in 
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this project could provide new 
technical capabilities for aging 
assessment and life extension of 
nuclear power plant components. 
A patent application for the 
positron annihilation method is 
being prepared. Capability is 
developed for the measurement of 
the magnetic properties along the 
length of samples using a shielded 
77 K SQUID sensor. 

Business Deuelopment Opportunities 
Potential collaborations exist 

with Conductus Corporation. for 
development of SQUID sensors 
and with electric utilities for field 
application of the NDE sensors. 

Advanced Barcode 
(Holotag) Reader 

LDRD 3302 

Vance A. Deason 

The INEL advanced barcode is a 
new concept in medium density (a few 
megabytes) data storage in situations 
where bar codes have normally been 
used but where data bases much larg- 
er than bar codes now allow are desir- 
able. Not truly a bar code, our con- 
cept is an optical device an inch or 
two across and a few tenths of a mm 
thick that contains a record of any of 
several types of data: images, graph- 
ics, text, conventional bar codes, digi- 
tal data. Some of the data can be 
read by the naked eye; other types 
require a reader and an associated 
data system to acquire and interpret 
the data. 

Objectives 

plete the evaluation of the design 
criteria for the holotag reader. 
Based on this information, we 
would finalize the design of the 
reader and build a prototype unit. 
We also wanted to continue the 
evaluation of recording materials 

Our goal this year was to com- 

and methods for writing data to 
the tag. 

Technical Accomplishments 
We rebuilt the grating maker 

(originally developed under LDRD 
funding and patented as U.S. 
Patent No. 5,016,951, issued 5-21- 
91), to match current needs and 
standards for writing the tags. 
This has been the workhorse sys- 
tem for making all kinds of grat- 
ings and tags. 

The Advanced Barcode Writer System 

of a Spatial Light Modulator (SLM) 
assembly and adapted it to store 
the contents of several (>lo) suc- 
cessive 640 x 480 pixel computer 
screens onto a single tag. This 
SLM is somewhat lacking in reso- 
lution, but was the highest resolu- 
tion device we could afford. It is 
also very inefficient in its use of 
light, so our laser is barely ade- 
quate to write the tag using the 
SLM. In principle, and to some 
extent in practice, we can transfer 
screen images of text, graphics, and 
images to the tag in a very simple 
and convenient manner. This sys- 
tem constitutes the tag writer. 

We have identified and tested 
a class of recording materials we 
believe is suitable for recording the 
tag, and which could make the 
transition to commercialization. 
These materials have adequate res- 
olution, are very thin, are adver- 
tised as having reasonable environ- 
mental stability, and, while expen- 
sive in small quantities, could be 
reasonably priced in production 
quantities. 

We modified the optical 
arrangement of the tag writer to 
produce tags that could be more 
conveniently read. With this new 
arrangement, one can read the tags 
by eye under the proper circum- 
stances. A more convenient reader 
has been designed that would be 
relatively easy and inexpensive to 
make. This was possible by using 

We completed the integration 

137 

appropriate lensing during forma- 
tion to match the expected optical 
configuration of the reader. A pro- 
totype version of the reader is 
under construction and will be 
tested this fiscal year. 
New or Increased Technical Capability 

Introduced the use of optically 
written SLMs to the INEL. 

Improved and upgraded the 
tag writer. 

Clarified the issues involved in 
the tag reader design and the 
techniques for writing a tag 
compatiile with a simple reader. 

Built a prototype tag reader. 

0 

Business Deuelopment Opportunities 
Symbol Technologies has 

expressed interest in this concept. 
We hope to have a CRADA in 
place soon to develop auto ID tags 
(i.e., tags containing information 
rather than simply being pointers 
to a data base). These might be a 
hybrid of our tag for archival infor- 
mation and an electronic tag for 
rewritability and updating. 

Edward Merewether of Fluor 
Daniel requested information and 
received a general description of 
the technique that is being circulated 
among potential investors. 
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Transportation Network 
Core Software 

LDRD 3601 

D. J. Kurkowski 

The Transportation Network Core 
Software project is designed to har- 
vest software integration technology, 
previously developed by the INEL on 
a military project, for broad application 
to other potential customers in both 
the public and private sectors. The 
software provides an open, layered 
architecture, based on industry and 
government standards, used for dis- 
tributed system integration. Trans- 
portation initiatives offer an ideal test- 
bed for demonstrating the technology 
under real world situations. 

Potential benefits to the INEL 
include solidifLing our presence in the 
transportation industry as the nation 
moves toward intelligent transportation 
systems (ITS). The pervasive use of 
software and software integration of a 
variety of data sources (including sen- 
sor output and databases) are 
required for ITS to be able to distrib- 
ute information to those who need it, 
when they need it. ITS is now in the 
preliminary stages of development, 
with most activities nationwide in the 
formative stages of specification and 
design. By providing a working 
demonstration of an information inte- 
gration prototype, the INEL can influ- 
ence the development of standards, 
build laboratory expertise, and provide 
a potential product available for 
deployment of the transportation sys- 
tems of the future. 

part of a proposed project for building 
the lNEL transportation testbed. 
Here, numerous new sensors might 
be tested by IN.€ L and industry engi- 
neers with control and data distribu- 
tion delivered worldwide using this 
technology integrated with the emerg- 
ing technologies of the Internet. 

The software technology is also 

Objectives 
Update the operating system 
and database engine to current 
industry releases. 

Convert needed portions of 
existing software to the updat- 
ed environment. 

Replace military-specific fea- 
tures and terminology with 
generic or tailored ones. 

Place the updated software 
items under configuration 
management. 

Prepare a demonstration using 
the Out-of-service Verification 
Field Operational Test proto- 
type application in a laboratory 
environment. 

Analyze the viability of this 
technology to support trans- 
portation and general integra- 
tion requirements. If favor- 
able, pursue copyright of the 
software. 

Technical Accomplishments 
The operating system has been 

upgraded to Solaris 2.4, and the 
database engine has been upgraded 
to Oracle 7.1.4. Numerous hard- 
ware problems with the existing 
Axil computers (Sun workstation 
equivalents) were repaired. The 
source code from the Contingency 
Theater Air Control System Auto- 
mated Planning System (CTAPS) 
was moved to the new target envi- 
ronment and placed under config- 
uration management. A tool has 
been installed to assist in modify- 
ing the source code for operation 
in the new environment. Program- 
ming changes are under way to 
make the basic user interface and 
system administration features 
operable. Owing to software and 
hardware problems encountered 
during the upgrade, and staffing 
problems that were resolved mid- 
summer, the desired changes have 
not been completed as of this writ- 
ing. It is unclear whether the 
demonstration environment for the 
Out-of-Service project will be final- 
ized before fiscal year end. 

From collaboration with the 
Out-of-Service project, it became 
clear that the Network Core Soft- 
ware must fit into the national 
transportation system architecture 
currently under development and 
known as Commercial Vehicle 
Information Systems Network 
(CVISN). 

We are working with the archi- 
tects at the Applied Physics Labo- 
ratory at Johns-Hopkins University 
for specification of standards for 
CVISN. 
New or Increased Technical Capability 

The project has increased the 
technical capability of laboratory 
personnel in the use of current 
industry standard software envi- 
ronments and has set the stage for 
demonstration of a powerful inte- 
gration environment for trans- 
portation systems. Collaboration 
with the CVISN architects places 
the INEL in an influential position 
for standards development. 
Business Development Opportunities 

pursued with INEL’s Transporta- 
tion Infrastructure Department. 
Through them, this work is being 
made known to the Idaho Trans- 
portation Consortium made up of 
the Idaho Transportation Depart- 
ment, University of Idaho, Federal 
Highway Administration, as well 
as the INEL. The consortium has 
vested interest in seeing how this 
software can integrate the Out-of- 
Service Verification Field Opera- 
tional Test with other systems at 
the East Boise Port of Entry. 

This software is proposed as 
the integration environment for the 
proposed Transportation Testbed 
LDRD beginning in fiscal year 
1996. The project will be the prov- 
ing ground for new and innovative 
approaches to merge sensor data 
streams, communication, and dis- 
tributed data networks. 

Also, CVISN contacts provide 
a showcase for our products. 

Internally, the project has been 
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Optical Sensor Development 
for High-Voltage Metering and 

Protection Applications 
LDRD 371 1 

G. K. Woods 

Accurate means for measuring 
electric power is a fundamental and 
indispensable requirement in the 
world-wide business of energy 
resource distribution. Power flow 
through a transmission line is calculat- 
ed from direct measurements of volt- 
age and current on the line of interest. 
Traditionally, voltage has been ascer- 
tained using outdated ferro-magnetic 
potential transformer technology, 
which suffers from a host of liabilities, 
including size, weight, low bandwidth, 
nonlinearity, electric burden, poor iso- 
lation, and high cost. The focus of 
this project has been to develop an 
optics-based alternative voltage mea- 
surement sensor free of these liabili- 
ties. By solving the problems of prior 
technology, it is possible to literally 
revolutionize the power industry by 
making it feasible for a substantially 
greater number of voltage measure- 
ment devices to be used at the same 
cost with virtually no impact on sub- 
station real estate. The presence of 
additional measurement points in a 
transmission and distribution system 
enables supervisory control and data 
acquisition (SCADA) operators to 
match supply and demand at higher 
levels of optimization and efficiency. 
In short, the ability to effectively con- 
trol the allocation of electric power 
depends heavily upon the extent to 
which real-time information can be 
gathered. 

This project sought out to address 
this need for information by designing 
a miniature, low-cost, passive, optical 
voltage sensor that could be economi- 
cally used in large numbers to gather 
a complete profile of data on a trans- 
mission grid or distribution system- 
data that could be relayed at the 
speed of light back to substation 
SCADA systems using fiber optic 
cable. By offering such a fundamental 
and economically powerful improve- 
ment to the electric power industry, 
the sensor developed herein holds 

great potential to bring national recog- 
nition and royalty revenue to the INEL 
through commercialization. 

Objectives 

Investigate viable optical tech- 
nologies for implementation of 
voltage, current sensors, or 
both. 

Perform a market analysis; fur- 
ther assess specific commercial 
demands in power measure- 
ment. 

Develop a concept for a low- 
cost, passive, optical sensor to 
fit one or more of the many 
niches for high-performance 
real-time measurement instru- 
ments in the power industry. 

Design and build an opera- 
tional prototype for proof of 
principle, if time and funds 
permit. 

Technical Accomplishments 
Objectives were not only met 

this year but exceeded. We have 
developed an optical high-voltage 
sensor that can be integrated into 
numerous varieties of existing 
power transmission and distribu- 
tion apparatus. It clearly surpasses 
prior attempts at optic voltage 
measurement by eliminating the 
need for costly voltage division 
hardware that nullifies many of the 
advantages of optical technology. 
The developed sensor eliminates 
the need for large stand-alone volt- 
age measurement instruments that 
until now have occupied precious 
space in power substations. The 
system was designed at the con- 
cept level and was subsequently 
implemented in a fully functional 
prototype system that has been 
successfully tested to 3000 voltsrms 
L-N. A sample output waveform 
from the sensor is shown in the fig- 
ure. A patent application for the 
sensor is in the final stages of revi- 

sion by the Thorpe, North & West- 
ern Law Firm, and will be filed 
with the U.S. Patent Office in a 
matter of weeks. 

The system comprises three 
major components: transducer, 
sensor head, and signal processor. 
Laser light delivered by optic fiber 
is polarized and collimated by the 
sensor head and then transmitted 
through the transducer, which is 
mounted within the sensor head. 
An optic polarization signal repre- 
senting voltage is induced upon 
the beam by the transducer and is 
then converted into dual compli- 
mentary intensity signals for trans- 
mission to the signal processor. 
The sensor head is designed to be 
integrated into a variety of widely 
used electric power transmission 
and distribution equipment. The 
signal processor derives a voltage 
measurement based on the two 
intensity signals transmitted from 
the sensor head by fiber optic 
cable. A custom-designed signal 
processing scheme uses the two 
complimentary signals to reject 
common mode noise such as laser 
intensity fluctuation, and to mini- 
mize the effects of temperature- 
dependent intrinsic birefringence 
(a slow drifting of the refractive 
indices with temperature) on the 
over-all voltage measurement 
accuracy. 

by this sensor in terms of safety 
and performance. The sensor is 
designed to operate without con- 
tacting the energized conductor- 
an obvious advantage over tradi- 
tional PTs, which are by definition 
capable of transmitting up-stream 
fault energy down to vulnerable 
instrumentation and personnel. 
Additional protection and noise 
immunity is offered by the optic 
system because the sensor’s infor- 
mation is transported to the signal 
processor by fiber optic cable 
rather than conductive wire. The 
superior bandwidth of the optic 

Substantial strides were made 
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sensor makes it suitable for high- 
speed relaying and fault protection 
applications that will make possi- 
ble unprecedented standards of 
uninterrupted power delivery and 
consumer satisfaction. 

Efforts under the FY-95 project 
have yielded a highly capable sen- 
sor that can be marketed as either a 
retrofit product or as a standard 
option on new orders of commer- 
cial transmission and distribution 
equipment. Having proven and 
demonstrated the principle, plans 
have been made to proceed with 
commercialization in an LDRD 
project submitted for FY-96. In the 
interest of brevity and protection of 
intellectual property, full details 
have been withheld from this 
report. A thoroughly disclosing 
discussion will be submitted in the 
project’s comprehensive report. 
New Technical Capability 

this product represents a substan- 
tial milestone in the INEL’S recent 
endeavors to pursue research in 
areas that facilitate direct transfer 
of technology to the private sector. 
Following commercialization, the 
INEL will be the originator of a 
sensor whose market potential is 
highly attractive and growing even 
greater as the demands for electri- 
cal power transmission and distrib- 
ution control, real-time load moni- 
toring, and high-speed protective 
relaying continue their upward 
trends. By minimizing the cost of 
the voltage sensor even further, the 
number of potential spinoffs is 
maximized. One such spinoff that 
is planned for investigation in the 
proposed FY-96 project is an optic 
voltage sensor adapted for electric 
vehicle applications. 
Business Development Opportunities 
A working relationship was 
formed with Conoptics Inc. of Dan- 
bury, Connecticut. Working from 
our design specifications and an 
extensive series of telephone dia- 

The successful development of 

logues, Conoptics engineers fabri- 
cated the custom sensor head for 
the proof-of-principle prototype 
sensor that was constructed and 
successfully tested under this pro- 
ject. Conoptics has expressed a 
strong interest in continuing this 
type of cooperation in future ven- 
tures. The Associated Western 
Universities and the University of 
Idaho also contributed to the suc- 
cess of this project by providing a 
vehicle for retaining the services of 
a graduate-level research associate. 
Contact has been made with a rep- 
resentative of the General Electric 
Company regarding this project. 
Prototype demonstrations for GE 
and other interested companies are 
planned for FY-96, at which time 
CRADA, licensing, and marketing 
opportunities will be examined 
and pursued in the interest of 
expediting transfer of the devel- 
oped system to the lucrative mar- 
ket that awaits cheaper, safer, more 
capable technology. 

Development of Chemically 
Selective Surfaces for 

Adsorption and Detection of 
Gas-phase Contaminants 

LDRD 4061 

Gary S. Groenewold, R. L. Cowan, 
J. C. Ingram, James E. Delmore, 

and Anthony D. Appelhans 

Empirical observations in the lab- 
oratory indicate that certain materials 
promote efficient and selective 
adsorption of gas-phase contami- 
nants. The goal of this project has 
been to identify materials that display 
selectivity for adsorption of specific 
contaminants. Phosphazene poly- 
mers, alkali and alkaline earth hydrox- 
ides, and transition metal oxides were 
tested in this capacity. Subsequent to 
adsorption, contaminant detection was 
achieved using secondary ion mass 
spectrometry (SIMS). Efficient 
adsorption for an organophosphate, 

an amine, degradation products of mil- 
itary compounds, and pesticides were 
demonstrated on different phosp- 
hazene polymers. Efficient adsorption 
of gaseous acids on solid basic mate- 
rials was also demonstrated. The 
research has led to follow-on work 
with two sponsors, two draft manu- 
scripts, and strong potential for 
patents. 

Objectives 

Identify contaminant. 

Identify or develop an adsorp- 
tive media. 

Identify support materials (for 

SIMS test contaminants, 

adsorptive media. 

adsorptive media, and support 
materials. 

Fiber optic test adsorptive 
media (performed by Naval 
Research Laboratory). 

Develop and evaluate end 
user. 

Milestones 
March FY-96: Adsorptive 
media/support combinations 
have been identified that are 
appropriate for detection of 
sigruficant contaminants. This 
was completed on schedule 
with development of coating 
process for polyphosphazenes 
on steel SIMS targets. 

September FY-96: External 
funding for FY-97 and appro- 
priate technology end-users 
will be identified. This was 
completed ahead of schedule 
(see Business Development 
Opportunities below). 

Technical Accomplishments 
Contaminants were identified 

based on requirements of past and 
anticipated sponsors. Tri-n-butyl 
phosphate (TBP) is a compound 
having applicability in uranium 
processing. Methyl phosphonic 
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acids (isopropyl, pinacolyl, and 
unsubstituted) are degradation 
products of military compounds. 
Glyphosate and paraquat are pesti- 
cides of agricultural significance. 
Cyclohexyl-amine (CHA) and 
small organic acids were also test- 
ed in order to evaluate the effect of 
acidity and basicity on contami- 
nant adsorption. 

Adsorbent materials selected 
for testing were divided into two 
classes: phosphazene polymers 
and metal oxides/hydroxides. 
These materials were chosen 
because prior anecdotal evidence 
strongly indicate that they are 
capable of adsorption selectivity 
and efficiency. The polyphosp- 
hazenes have experienced exten- 
sive testing at INEL for membrane 
separations and are attractive 
because of their selective interac- 
tions with contaminants, and 
because they can be easily deriva- 
tized after polymerization. This 
latter feature makes a wide range 
of derivatives available; acidic, 
basic, ester, ether, polyether, and 
fluorinated ether polymers were 
examined. The metal oxides were 
selected on the basis of extensive 
catalyst and surface detection expe- 
rience, which showed selective 
adsorption for a variety of organics. 

Adsorption by Phosphazene Po2y- 
mms. Thin layers of phosphazene 
polymers could be deposited on 
stainless steel targets (about 5 to 6 
mm2) by placing up to several ml 
of TIlF or dioxane solutions on the 
targets and allowing the solvent to 
evaporate. The coated targets were 
then exposed to gaseous contami- 
nants and analyzed using static 
SIMS. These experiments reveal 
that the different polymer deriva- 
tives varied greatly in terms of 
their ability to adsorb contami- 
nants. Only the acidic p-H02C- 
PPOP derivative was capable of 
adsorbing the basic CHA; none of 
the other derivatives were capable 
of this. TBP was adsorbed by the 
p-HO2C-PPOP, P-E~O~C-PPOP, and 

CF,CH,O-derivative, but not by 
the other polymers. 

The study of the polymers was 
expanded by exposing the poly- 
mers to aqueous solutions of select- 
ed contaminant molecules. These 
experiments were pursued to eval- 
uate the ability of the polymer- 
coated targets to function as pas- 
sive samplers in aqueous environ- 
ments. The most intriguing result 
was the observation of isopropyl- 
methylphosphonic acid (IMPA) 
adsorbed to p-MeO-PPOP from a 
100 ppm solution. IMPA is the 
principal degradation product 
from the nerve agent sarin, used in 
the Tokyo subway attack. None of 
the other polymers adsorbed 
IMPA, and the p-MeO-PPOP did 
not adsorb the related compounds 
PMPA and MPA. This indicates 
that p-MeO-PPOP is selective for 
IMPA. 

The pesticide paraquat also 
adsorbed from aqueous solutions, 
though no selectivity was observed 
by comparing polymers. In con- 
trast, no adsorption was observed 

for the pesticide glyphosate. These 
results again emphasize that 
adsorption is controlled by rela- 
tively subtle interactions that have 
a major impact on the process. 

ability of Group I and II hydrox- 
ides to adsorb gaseous organic 
acids was probed by coating SIMS 
targets with the hydroxides and 
then exposing these to the acids. 
As expected, the hydroxides 
strongly adsorbed formic, acetic, 
and propionic acids. The solid 
bases also adsorbed CO, from the 
atmosphere, which was observed 
as M3C03+ in the SIMS spectra of 
the Group I hydroxides. The use 
of the weaker base Ago failed to 
adsorb CO,, but was effective for 
the small organic acids. 

A large number of adsorption 
experiments using transition metal 
oxides were also performed, but 
the bulk of these data has not been 
reduced at the time of this writing. 

Metal Oxides, Hydroxides. The 

. 
Contaminant sputtering 

Chemically Selective Surfaces for Passive Sampling and Concentration 
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New or Increased Technical Capability 
The research demonstrated the 

feasibility of using polyphosp- 
hazene and metal oxide materials 
generated at the INEL for adsorp- 
tion of selected contaminants from 
both airborne and aqueous media. 
Specifically, the following advances 
were made: 

A polymer specific for the 
adsorption of organic bases 
from air was identified. 

A polymer specific for the 
adsorption of IMPA from 
water was identified. 

Polymers effective for the 
adsorption of paraquat from 
water were identified. 

Gaseous acids could be fixed 
from the atmosphere using 
Group I and XI hydroxide 
bases. 

Business Development Opportunities 

tion from an outside funding 
source within the first six months 
of the project. The Naval Research 
Laboratory offered to fund a $50K 
program for FY-96 to provide poly- 
mers for fiber optic detection test- 
ing. We were also invited by a 
classified sponsor to expand a 1995 
proposal for FY-96 funding. The 
invitation was in response to a 
white paper that described some of 
the tailored surface chemistry 
research. 

The research attracted atten- 

Alloys by Design 
LDRD 4073 

G. E. Korth, D. F. Glenn 

to the state where additional process- 
ing/properties were necessary to 
establish their superiority and compet- 
itiveness with current commercial 
counterparts. These additional inves- 
tigations were beyond the scope of 
the DOE program, which was being 
phased out. The purpose of this mid- 
year project was to explore an alter- 
nate processing technique (spray 
casting), thermal stability of tensile 
properties after aging, and hot aque- 
ous corrosion of the two alloys. The 
spray casting processing demonstra- 
tion was to eliminate the 
canning/decanning steps of process- 
ing the RSP metal powder and there- 
by reduce the cost of producing these 
superior alloys. Aging at 1000 hours 
at three temperatures representing 
extremes in service conditions would 
further demonstrate their superiority 
by permitting higher temperature 
applications. The hot aqueous corro- 
sion tests were necessary to show at 
least equivalence and, hopefully, 
superiority in corrosion properties with 
commercial counterparts. This project 
represents, therefore, the next step in 
commercialization of the RSP technol- 
ogy and, in particular, two stainless 
steels. 

Objectives 
* Demonstrate spray casting of 

two alloys developed by RSP 
powder metallurgy techniques 
so as to eliminate the can- 
ning/decanning steps and 
decrease the cost of production 
dramatically. 

* Determine thermal stability on 
the two alloys (actually four 
alloys, because each had a high 
and low nitrogen version) by 
conducting tensile tests of 
material that had been aged at 
600,700, or 800°C for 1000 
hours. 

Technical Accomplishments 

technique involves placing a sub- 
strate in the path of the molten 
droplets being sprayed with the 
inert gas atomizer. Therefore, the 
droplets are not allowed to solidlfy 
into powder particles, but s o l i w  
on the substrate as a casting with a 
very fine microstructure. The 
spray casting was initiated, but ini- 
tial results show that several pro- 
cessing parameters were necessary 
to optimize the casting to obtain 
properties equivalent to hot 
extruded powder. The tempera- 
ture of the substrate, geometry of 
the substrate to facilitate a smooth 
two-phase flow, distance of the 
substrate from the spraying nozzle, 
and molten droplet velocity 
appeared to be interrelated process 
parameters that would have to be 
optimized in order to produce a 
casting that was free of porosity 
and retain the fine microstructure 
of the rapidly soliddymg particles. 
Because the substrate heater and 
positioning device were being 
modified, the gas atomizer was 
turned over to another project. A 
total of four projects (both DOE- 
funded and LDRD-supported) 
depended on the gas atomizer to 
produce metal powders or castings 
for their investigations. Technical 
and equipment problems plagued 
two of the other projects, and this 
project never did get another turn 
in the atomizer to further develop 
the spray casting techniques. 
Therefore, this task will have to be 
continued in another year, but this 
year’s results did show the feasibil- 
ity of spray casting alloys of these 
kinds. 

Thermal Stability. Tensile bars 
fabricated from hot extrusions of 

Spray Casting. This processing 

Conduct hot aqueous corrosion 
tests of the two alloys (four 
with the nitrogen variations) 
and compare corrosion properties 
with commercial counterparts. 

the four alloys were aged in quartz 
capsules for 1000 hours at 600,700, 
or 800°C and then tested at room 
temperature. Alloy 4 is the 
austenitic stainless steel, with B 

Two stainless steel alloys (one, a 
nickel-base, and the other an 
austenitic) were developed by rapidly 
solidified processing (RSP) under a 
DOE-OIT program and had advanced 
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and D designating the low and 
high nitrogen, respectively. Alloy 
5 is the Ni-base alloy, with B and D 
having the same meaning. Results 
of these tests were then compared 
with RSP material that had not 
been aged (see figure). The results 
show little or no detrimental effects 
on the ultimate and yield strength 
owing to thermal aging; in fact, 
sigruficant increases in strength are 
shown in 4D alloy after 700°C 
aging. However, Alloy-4 shows a 
marked decrease in ductility with 
aging at 700 or 800°C. Although it 
has not been verified, the forma- 
tion of the brittle sigma phase is 
suspected to have caused this drop 
in ductility. Based on these 
results, two additional alloys were 
purchased with the same chemistry 
as Alloy-4, except the Mo content 
was reduced, to mitigate the sigma 
phase formation. Evaluation of 
these modified alloys will be per- 
formed in future years after they 
are atomized and consolidated. 
Even though the Ni-base (Alloy-5) 
shows slight reductions in ductility 
with aging, the levels are still well 
within the range to class* this 
material a suitable engineering 
alloy with enhanced applications 
up to 800°C. 

Hot aqueous corrosion. Corro- 
sion tests were performed on RSP 
materials Alloy4 and Alloy-5, 
which were produced earlier in 
FY 1995. Alloy-4 is an iron-based, 
high-chromium, high-nickel, high- 
molybdenum alloy that is nitrogen 
strengthened. It is highly resistant 
to salt water and pulp and paper 
industry environments. Alloy-5 is 
a nickel-based, high-chromium, 
high-molybdenum alloy that is 
nitrogen strengthened. It with- 
stands environments that contain 
reducing and oxidizing com- 
pounds. The polarization tests in 
room temperature 5 M HC1 
showed that the RSP alloys passi- 
vate under anodic polarizing cur- 
rent. 

In comparison to their wrought 
competitors, the corrosion resis- 
tance of the RSP alloys showed 
much variation; sometimes it was 
superior, but for the most part it 
was not. There are long pits in 
moy-4B. More work will be need- 
ed on the study of the process vari- 
ables. 
New or Increased Technical Capability 

The INEL has benefited from 
this project through an increased 
understanding of the spray casting 
process. Even though we have not 
perfected the process by any 
means, we have an understanding 
of what process parameters are 
important and what experiments to 
perform to solve the problems. 
The other tests (tensile and corro- 
sion) and examination techniques 
used are routine procedures that 
have not substantially added to the 
technical capability of the INEL. 
Business Development Opportunities 

The only direct business inter- 
est in this project was by the U.S. 
Navy at KAPL, but their interest 
was mainly associated with the 
spray casting, which did not 
progress very far in the current 
year. Contacts will be maintained 
as the work continues. 

Improved Process Control 
Thermocouples 

LDRD 4076 

R. N. Wright, J. R. Fincke 

This project is Phase I of develop- 
ment work aimed at producing indus- 
trial process control thermocouples 
that have improved long-term stability 
at high temperatures (and hence 
improved measurement accuracy). 
Contact with the glass industry served 
as the starting point for the proposed 
work. Classical platinum/rhodium 
thermocouples are standard control 
instruments in glass production but 
suffer calibration drift as a result of 

impurity contamination from even the 
highest quality insulating materials. 
The consequences to the glass indus- 
try are poor process control and prod- 
uct quality, excessive rejection and 
rework, and high energy costs. 
Newly-developed proprietary insulat- 
ing materials have been used on a 
demonstration basis to produce signif- 
icantly improved stability in 
Chromel/Alumel thermocouples at 
temperatures near their maximum 
operating limit. The similarity in plat- 
inudrhodium and Chromel/Alumel 
calibration drift processes suggests 
that at least one of the new insulating 
materials may produce similar 
improvement in platinurdrhodium ther- 
mocouples. Successful demonstration 
of greater stability has immediate 
implications for better process control 
and enormous annual savings, not 
only for the glass industry but also 
other U.S. industries that employ plat- 
inudrhodium control thermocouples, 
including the petrochemical and refin- 
ery, chemical, aerospace, and heat 
treating areas. AccuTru International 
Corporation agreed to supply propri- 
etary insulating materials to permit 
side-by-side comparative laboratory 
testing of platinum/ rhodium thermo- 
couples insulated with newly devel- 
oped materials, and standard plat- 
inudrhodium thermocouples insulat- 
ed with classical materials. Attention 
is focused on Type S and Type B 
thermocouples in tests at two or three 
temperatures typical of key stages in 
the glass production process. Archive 
samples of the thermocouples tested 
will be retained for SEM (scanning 
electron microscope) examination at a 
time when resources allow, with the 
intent of determining the drift mecha- 
nism on a microscopic level. Future 
work in cooperation with AccuTru 
International is expected to include 
development of additional insulation 
materials tailored to mitigate the spe- 
cific drift mechanisms found to be 
responsible for long-term calibration 
drift in industrial platinudrhodium 
thermocouples. 

Objectives 

Procure a tube furnace capa- 
ble of operating in air at tem- 
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peratures up to 1700°C for 
simulating conditions in glass 
manufacturing. 

Procure thermocouple materials 
for testing, including standard 
industrial thermocouple wires 
and insulating materials, stan- 
dard thermocouple assemblies 
as used in the glass industry, 
and new insulating materials. 

Assemble data acquisition sys- 
tem for automatic collection, 
recording, and display of 
Pt/Rh thermocouple test data 
during long-term testing. 

Perform side-by-side tests to 
compare the long-term (2000 
hours) stability of standard 
industrial Pt/Rh thermocou- 
ples with those having new, 
proprietary insulating materi- 
als supplied by AccuTru Inter- 
national. 

Technical Accomplishments 

required for the anticipated side- 
by-side testing of standard indus- 
trial Pt/Rh thermocouples and 
thermocouples insulated with new, 
proprietary materials were pro- 
cured. Industrial thermocouple 
assemblies of the type used in glass 
manufacture were also procured 
for comparative testing. 

A PC-based data acquisition 
system based on LabView software 
was assembled, refined, and tested 
on dummy thermocouple assem- 
blies. The system allows signals 
from up to ten Type S or Type B 
thermocouples to be recorded at a 
selectable rate, converted to tem- 
perature, and displayed either real- 
time or by selecting a data file. All 
ten measurements can be dis- 
played simultaneously, but doing 
so results in a cluttered graph; con- 
sequently, comparison of two or 
three thermocouples with a refer- 
ence measurement or the furnace 
control thermocouple is more easily 
interpreted. 

All thermocouple materials 

Major problems arose in pro- 
curement of the tube furnace for 
this project. To simulate condi- 
tions in the melter during glass 
manufacturing operations, a tube 
furnace capable of operating at 
1700°C in air was required for the 
proposed thermocouple tests. 
Quotes from furnace suppliers 
were obtained during February 
1995, the Form 52 for Capital 
Equipment Request was submitted 
on February 21, and after word of 
approval was received the pur- 
chase order was submitted to Busi- 
ness Management Services for a 
charge number on March 14. For 
unexplained reasons, the purchase 
order was not received by Purchas- 
ing until May 4, and the order was 
not placed until June 1. The pro- 
jected eight-week delivery 
stretched to twelve weeks, with the 
furnace arriving at the North 
Holmes laboratory facility August 25. 
Unfortunately, the furnace suffered 
major damage in shipping, with 
fully half of the insulation col- 
lapsed into a jumbled heap in the 
furnace cavity. Photos and dia- 
grams documenting the damage 
were sent to the manufacturer, 
Carbolite, Inc., who will dis- 
patched a service specialist during 
the week of September 18 to 
replace the damaged furnace insu- 
lation and assist in making the fur- 
nace operational. The conse- 
quences resulting from delays in 
ordering the furnace and from the 
shipping damage are obvious: the 
three-month period needed and 
anticipated for a 2000-hour com- 
parative test was reduced to one 
week during FY-95. 

Although the anticipated side- 
by-side thermocouple testing was 
not completed during this fiscal 
year, activities have resulted in 
several additional business devel- 
opment opportunities, as noted 
below. 
New or Increased Technical Capability 

AccuTru International was 
referred to the INEL as a source of 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 

'se Technology Transfer Center 

thermocouple expertise by person- 
nel at NIST. As a minimum, the 
complement of development and 
test equipment has been increased 
by the addition of a test furnace 
capable of operating at tempera- 
tures up to 1700°C in air. Work 
with the glass industry, in coopera- 
tion with AccuTru, in preparation 
for these tests has positioned the 
INEL in the forefront for work 
directed toward the Glass Industry 
Vision of the Future sponsored by 
DOE-OIT. 
Business Development Opportunities 

A CRADA is pending with 
AccuTru, who has been awarded 
$250K by DOE-OIT, for continua- 
tion of the work initiated by this 
project. Agreements have been 
reached with Coming, Inc., Anchor 
Container Glass Corporation, and 
Libbey-Owens-Ford Company. for 
in-kind field testing facilities, as 
well as potential cash contributions 
to develop additional thermocou- 
ple materials. Negotiations are 
continuing with AccuTru for test- 
ing at the INEL of metal-sheathed 
Type K thermocouples having new 
insulation materials. A joint 
INEL/AccuTru proposal for devel- 
oping a temperature control sys- 
tem based on sensors developed 
under the CRADA referred to 
above has been submitted to to 
DOE., and discussions are under 
way for modeling of the glass melt- 
ing process to be performed at the 
INEL. 

National Infrastructure 
Renewal 
LDRD 4080 

Nancy M. Carlson 

US. industries involved in petro- 
leum refining, chemicals, pulp and 
paper, power production, steel, alu- 
minum, foundries, and glass have 
strong economic and environmental 
incentives to extend plant life, while 
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conserving national resources and 
protecting the public and work force. 
These industries are vital to the U.S. 
economy, employing nearly two mil- 
lion people directly and providing 
basic materials essential for the entire 
US. manufacturing infrastructure. 
Degradation of structural integrity by 
corrosion, stress corrosion cracking, 
corrosion fatigue, thermal embrittle- 
ment, and creep are major considera- 
tions in extending plant life. Develop- 
ing and validating predictive models of 
potential degradation mechanisms, 
monitoring critical process s teps using 
on-line sensors, on-line monitoring of 
critical components and weldments, 
quantifying material degradation, 
developing new materials with 
enhanced materials properties, pre- 
dicting end-o f-life materials properties, 
developing predictive databases using 
past failures and failure modes, and 
developing simple rules for aging 
assessment are all key elements for 
developing a risk-based approach to 
plant life extension and for improving 
efficiency and environmental perfor- 
mance of industrial processes. The 
alternative to plant life extension for 
the refinery and chemical industry is 
locating plants outside of the United 
States, because the time and cost of 
establishing a new facility in compli- 
ance with all the current regulations in 
the United States is prohibitive. 

Objectives 
0 

a 

In collaboration with MIT, 
develop critical flaw size code 
for both base metal and weld- 
ments in base metal with code 
validation experiments con- 
ducted at the INEL. 

In collaboration with Shell Oil, 
prepare a test plan for an in- 
service structure and acquire 
acoustic emission data for 
analysis using INEL-developed 
code. In collaboration with 
Iowa State University, evaluate 
nonlinear acoustic to deter- 
mine potential as lifetime 
extension NDE technique. 

Complete preliminary tests to 
determine appropriate testing 

a 

a 

conditions to evaluate the 
stress corrosion characteristics 
of new INEL RSP alloys, to 
determine their potential for 
use in more corrosion resistant 
structures. 

Assemble an enhanced data 
acquisition system based on 
LabvIEW software for use in 
collection and display of test 
data during extensive thermo- 
couple testing directed at 
improved temperature control 
in manufacturing processes. 

Produce metallic aluminum 
gratings on glass and bulk alu- 
minum samples. Test gratings 
for durability and stability dur- 
ing temperature cycling for dif- 
fraction moire interferometry. 

Technical Accomplishments 
The MIT critical flaw size code 

has been completed, accompanied 
by a draft final report. An INEL 
experimental plan was developed 
based on the MIT code, and test 
specimens were fabricated. Test- 
ing of these samples is nearly com- 
plete. The final phase of the FY-95 
task will use experimental data to 
validate the MlT model. Shell Oil 
and the INEL developed an experi- 
mental plan that required the loca- 
tion of a fluid-filled large structure 
to verify that the INEL acoustic 
emission code used on fracture 
samples is applicable to large 
structures. An appropriate struc- 
ture, a diesel storage tank, was 
located at the IRC. Code modifica- 
tions were made to acquire 
acoustic emission data from the 
structure with data analysis cur- 
rently being completed. Nonlinear 
acoustics shows promise as a labo- 
ratory tool based on the results of 
work completed at Iowa State Uni- 
versity, presented in their final 
report. In the corrosion task, the 
corrosion resistance of the RSP 
alloys was determined to be equal 
or superior to wrought alloys con- 

sidered to be the main competition 
to the INEL RSP alloys. The 
appropriate solution for the stress 
corrosion tests will be determined 
based on the corrosion resistance 
results. The data acquisition sys- 
tem for conducting thermocouple 
tests is completed, and discussions 
are under way with AccuTru Inter- 
national Corporation to establish 
testing of the long-term stability of 
newly-developed insulating mate- 
rials for potential use by the glass 
industry. The final task, develop- 
ment of high temperature gratings 
for diffraction moire interferome- 
try, has resulted in the production 
of metallic aluminum gratings on 
glass and bulk aluminum samples. 
Temperature cycling on the grat- 
ings in currently under way to 
determine grating durability and 
stability. The testing will include 
measurements of the grating at 
temperature to establish the applic- 
ability of the technique for use on 
in-service vessel and piping oper- 
ating at plant processing tempera- 
tures. 
New OY Increased Technical Capability 

A critical flaw size code has 
been developed and is being vali- 
dated. This code will allow the 
INEL to develop enhanced predic- 
tive models for use in fitness-for- 
service tools as part of the INEL 
national infrastructure strategic 
thrust area. NDE techniques for 
testing and data analysis of large 
structures provides the INEL with 
expertise critical to developing col- 
laborative relationships with U.S. 
industry for use in plant lifetime 
extension activities. We anticipate 
that a thermocouple testing facility 
will give the INEL the capability to 
generate money-in arrangements 
for the independent testing of ther- 
mocouple designs as well as new 
insulating materials. High-temper- 
ature moire capabilities will pro- 
vide the INEL with potential 
patent as well as a new NDE tech- 
nique to monitor local stresses in 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



146 

critical locations in an operating 
structure. 
Business Development Opportunities 

The critical flaw size code will 
be used as part of a proposed 
CRADA activity with Chevron, 
Shell, Exxon, Amoco, Arco, CTI 
Inc., Wesdyne, Subsea Systems, 
DNV, Johns Hopkins University, 
and Ames Laboratory at Iowa 
State. The proposal has been pre- 
sented to Dan Wiley of DOE/EE- 
OIT for potential FY-96 funding as 
part of the Refineries of the Future 
program. Shell Oil is very interest- 
ed in pursuing the acoustic emis- 
sion activity, as on-stream monitor- 
ing is vital to extending plant life- 
time of refinery structures. This 
activity requires additional internal 
funding before a CRADA can be 
developed; therefore, an FY-96 
LDRD task was proposed as part 
of a larger refinery LDRD submit- 
ted by Dick Rice. Talks are under 
way with AccuTru International 
Corporation to use the thermocou- 
ple testing capabilities developed 
under this LDRD. The arrange- 
ments will involve the services of 
the INEL to complete independent 
testing of new insulating materials. 
The exact terms are to be negotiat- 
ed in the next few months. 

Optical Measurement 
Technology 

LDRD 4081 

R. D. MacDowall 

New optical measurement tech- 
niques offer high-leverage oppoflunities 
in the INEL mission areas of environ- 
mental and infrastructural monitoring. 
These opportunities result from the 
continued rapid development of solid- 
state diode lasers and fiber optic tech- 
nology in the communications and mil- 
itary electro-optics industries, provid- 
ing new tools for application in the 
measurement of chemical and physi- 

National Derived Use Technology Transfer Centel 
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tal propeflies. Techniques explored 
in this work include the use of nonlin- 
ear materials for improved nonde- 
structive testing of materials, wave- 
guide sensor arrays with speciality 
coatings for on-line contaminant moni- 
toring, and ultra narrowband optical fil- 
ters for the standoff detection of 
chemical 
species. 

Objectives 

Develop a nonlinear optical 
sensor. 

Evaluate a polymeric coating 
for use in a waveguide sensor 
for an on-line water contami- 
nant monitor. 

Design an ultra narrow band 
optical filter. 

Accomplishments 
Photorefractive Lock-in Holo- 

graphic Intevfrometer: Full-fielld 
Continuous Detection of Vibration. 

This effort has been to develop 
advanced nondestructive test 
instruments based on photorefrac- 
tive crystals. In particular, our 
goal has been to develop full-field 
detection-of-surface vibration 
using a four-wave mixing process 
in a photorefractive medium. Full- 
field measurements are a si@- 
cant improvement over the more 
normal point detection schemes. 
Our proposed method has the 
tremendous advantage of being 
insensitive to environmental vibra- 
tions, which destroy the effective- 
ness of most competing techniques. 

In this method, an object is 
subjected to a continuous acoustic 
vibration that causes subsurface 
defects such as delaminations to be 
displaced relative to adjacent areas. 
The surface displacements caused 
by t h i s  process can be sensed and 
used to idenbfy the defect. Optical 
lock-in vibration detection is per- 
formed by mixing a full-field 
image of the vibrating surface with 
a reference beam (which is syn- 
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chronized with the acoustic excita- 
tion) in a photorefractive medium. 
When a read-out beam, counter 
propagating to the reference beam, 
is brought into the medium, a sec- 
ond (diffracted) image is generated. 
The spatially distributed intensity 
of this diffracted image depends on 
the relative displacements of the 
object image. This dependence of 
the interferometer output was 
demonstrated, as was its applica- 
tion to vibrational displacement 
detection and discrimination, and a 
model for the minimum detectable 
displacement was developed. In 
addition, if the input image and 
reference wavefronts are mixed 
with slightly different frequencies, 
the output image can be seen to 
intensity modulate (blink) at a rate 
equal to the difference frequency. 
This heterodyne operation is a 
visual aid in the subjective identifi- 
cation of subsurface defects. Auto- 
mated quantitative data can also be 
derived. As in conventional elec- 
tronic analogs to this fully optical 
process, both multiplication and 
low-pass filtering are realized in 
this optical lock-in device. In addi- 
tion, the frequency matching char- 
acter of this photorefractive holo- 
graphic interferometer offers high- 
sensitivity, full-field displacement 
detection at the subnanometer 
range. Furthermore, the interfer- 
ometer exhibits extreme environ- 
mental noise insensitivity, indicat- 
ing its potential for improved 
defect detection in industrial non- 
destructive evaluation applications. 

On-line Contaminant Monitor. 
This task is to evaluate a 
mechanochemical polymer for use 
as a transducer in a waveguide 
sensor array to measure heavy 
metal contamination. The work 
builds on a patent developed for 
the Department of Energy by Bend 
Research, Inc., of Bend, Oregon. 
The work is based upon the fact 
that many polymers are capable of 
exhibiting a physical response, 
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expansion or contraction, in 
response to changes in the sur- 
rounding environment. In particu- 
lar, polymethacrylic acid (PMAA), 
cross-linked with divinylbenzene is 
known to undergo volume expan- 
sions of up to 300% on conversion 
from the acid to the polyanion 
form. This expansion can be 
explained on the basis of confor- 
mational changes that occur in the 
polymer as it is converted from a 
tightly coiled neutral polyacid to 
the polyanion form. It is theorized 
that electrostatic repulsion between 
negatively carboxylate groups is 
responsible for this expansion. In 
this project, a sample of polymer 
reported to contract in the presence 
of metallic ions, was acquired. 
Two sections of optical fiber were 
placed in a splice tube and secured 
with epoxy to a sheet of the poly- 
mer such that as the polymer 
expanded or contracted the fiber 
ends would move, modulating the 
light intensity through the fiber. 
One study examined the response 
of the transducer to water. It was 
noted that polymer expanded 
rapidly, causing a reduction in 
light intensity, and as the polymer 
dried it contracted, bringing the 
optical signal back to its initial 
level. In additional testing, the 
transducer was immersed in deion- 
ized water, and then a copper sul- 
fate solution was added. While the 
polymer swelled approximately 
17% in response to the water, little 
contraction, 3%, was noted with 
the addition of the copper ions. In 
its present configuration, the trans- 
ducer appears to be an excellent 
moisture sensor; however, it does 
not appear to have the sensitivity 
to ions needed for a successful on- 
line water contaminant monitor. 

Opfical Filter. This task stud- 
ied the feasibility of developing an 
electronically dithered optical filter 
(EDOF), using the Pockel's effect to 
externally tune the incoming light 

passing through a reference gas 
cell. The external tuning capabili- 
ties would also have further appli- 
cations in Faraday anomalous dis- 
persion optical filter techniques. 
This would allow development of 
new spectroscopic techniques for 
passive, covert, remote detection of 
airborne chemicals with greatly 
simplified optical instrumentation. 

The EDOF technique is an 
extension of conventional gas filter 
correlation radiometry (GFCR). 
Our calculations show it will be at 
least two orders of magnitude 
more sensitive than GFCR however. 
The key to the concept is an effi- 
cient means to determine if spectral 
correlations exist between the 
incoming spectrum from a scene of 
interest and the reference gas cell. 
Very simply, if the incoming spec- 
tra and reference gas spectra have 
spectral lines in common, then the 
scene will likely contain the same 
species as the reference gas. 
Incoming light is passed through 
an electro-optical phase modulator 
(EOPM), which frequency modu- 
lates (or equivalently wavelength 
shifts) the light passing through it. 
This wavelength-shifted light is 
then passed through the reference 
cell containing a gas of interest. 
The actual measurement, i.e., 
determining the degree of spectral 
correlation, is based on the intensi- 
ty of the light exiting the reference 
cell. The purpose of wavelength 
shifting the incoming light is so 
that the incoming spectral lines can 
be periodically moved back and 
forth (in wavelength) across the 
fixed wavelength lines of the refer- 
ence gas. The result of this is that 
the intensity of the light exiting the 
reference cell is amplitude modu- 
lated. This is similar to sliding one 
picket fence over another and 
observing modulation of the light 
transmitted through both fences. 
This amplitude modulation is easi- 
ly detected because it is synchro- 

-- 
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nized to the electrically-driven 
electro-optical phase modulator 
and is at twice the frequency of the 
its driving frequency. 

instrument would be useful in 
covertly detecting and observing 
chemical agent signatures of vari- 
ous weapons of mass destruction 
proliferation activities, and thus it 
would be useful for arms control 
and treaty verification. It could 
also find uses in remote environ- 
mental monitoring for EPA, 
NASA, and industrial applications 

New or Increased Technical Capability 
The application of photorefrac- 

tive nonlinear processes to nonde- 
structive testing is a new and 
active field, building on a strong 
INEL background in optics, inter- 
ferometry, and noncontacting laser 
ultrasound detection. We antici- 
pate advanced NDT systems with 
strong market potential. The on- 
line water contaminant task did 
not produce a useful short-term 
result; however, the work is a con- 
tinuation of a multi-year effort at 
the INEL to design fiberoptic- 
based chemical sensors, which has 
led to a half dozen patents over the 
past few years. The ultra-narrow 
band filter work has led to the fil- 
ing of a patent application. 
Business Development Opportunities 

Customer interest in both the 
nonlinear NDE sensor and the nar- 
row-band filter effort are high. 
The three tasks have lead to discus- 
sions, including possible CRADA 
opportunities, with a number of 
companies, including Hercules, 
Pratt & Whitney, Atlantic Research 
Corp., Kennametal, Ceracon, Lanx- 
ide, Simplex Technologies, Nation- 
al Institute of Standards, Howmet 
and PCC Airfoils, GM, Ford, 
Chrysler, Harvest Technology, 
Thiokol Corp., Phillips Petroleum, 
Bend Research, Pall RAI Manufac- 
turing, and Shay International. 

We anticipate that this type of 
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Velocity Sensor and 
Control of Thermal Spray 

LDRD 4082 

~ 

J. R. Fincke, W. D. Swank 

Real-time, closed-loop, feedback 
control of the plasma spray process 
has the potential to improve final prod- 
uct quality, and increase the repeata- 
bility of the spray process, all by low- 
ering the sensitivity of the process to 
inherent variations in spray parame- 
ters. As coating performance and 
quality requirements increase, the 
need for real-time process control 
becomes more necessary. In addition 
to deposition control, the ability to 
independently vary particle tempera- 
ture and velocity during process para- 
meter development is also a desirable 
feature. 

Controllers for the thermal spray 
process may be required to act as 
regulators, whose purpose is to main- 
tain conditions at an infrequently 
changed set point, and as servo or 
follow-up systems, where the con- 
trolled variables may be ramped 
through a sequence. The applications 
of the regulator mode are obvious. 
The servo mode may have application 
in advanced processes, such as the 
spraying of graded materials where it 
is desired to vary particle temperature 
and velocity over the thickness of the 
coating or even over different regions 
of the part as the composition of the 
coating is varied. In this project a par- 
ticle velocity and temperature con- 
troller for the plasma thermal spray 
process was developed and its char- 
acteristics demonstrated. 

Objectives 

Mock up and test Velocity 
sensor. 

Build spray system model. 

e Develop control algorithm. 

Assemble prototype controller. 

Demonstrate controller. 

Technical Accomplishments 

loop control requires the direct, 
real-time monitoring of process 
performance, via real-time sensing 
of particle temperature and velocity 
and the taking of corrective actions 
rather than the traditional 
approach of setting process vari- 
ables and postprocess examination. 
A real-time digital controller capa- 
ble of setting and maintaining par- 
ticle velocity and temperature at 
designated set points was devel- 
oped and demonstrated on a sub- 
sonic plasma spray process. The 
controller was designed using an 
accepted discrete digital control 
approach. In general, we have 
found that traditional proportional- 
integral-differential (PID) con- 
trollers yield stable, robust perfor- 
mance with good steady-state 
response for the control of temper- 
ature and velocity, either alone or 
simultaneously in the plasma spray 
process. PID control is also easily 
implemented digitally using com- 
mon PCS. Measurements of the 
tracking efficiency of the controller 
following a temperature and veloc- 
ity ramp were made. For one 
measurement the velocity was held 
constant and the temperature set 
point was varied over a 600-K 
range. The high-end response was 
limited by the system-imposed 
maximum gun current. Noise in 
the low-end response was 
observed owing to the fact that 
these conditions are somewhat out- 
side the optimum operating range 
of the plasma gun. A second set of 
measurements was made where 
the temperature was held constant 
and the velocity set point was var- 
ied between 80 and 125 m/s. 
New or Increased Technical Capability 

The thermal spray coating 
process is unpredictable from one 
run to the next, resulting in coated 

The implementation of closed- 
parts that do not meet specifica- 
tions. Then, at great expense, these 
parts must be either refurbished or 
scraped. This project has the 
potential to reduce the cost and 
improve the quality and reliability 
of thermally sprayed coatings. 
Also, with increased reliability 
comes an increase in the number of 
applications for thermally sprayed 
coatings. Expanded use in the 
automotive industry could easily 
increase the thermal spray market 
by 50%, while making many auto: 
motive manufacturing processes 
sigruficantly more cost effective 
(source, Thermal Spray Coating, 
State-of-the-Art Assessment, unpub- 
lished, The National Center for 
Manufacturing Sciences). 
Business Development Opportunities 

December Fy-95 ended a 
CRADA with Tafa Inc., in which 
an industrial, hardened, in-flight 
particle pyrometer (IPP) was devel- 
oped. Tafa Inc. has developed and 
markets a computer-based 
robot/process controller (HAWCS 
11) that has the capability to accept 
input from sensors and deliver out- 
put to process control consoles. 
This computer controller has not 
been used to its fullest potential 
owing to the lack of suitable sen- 
sors. With the development of the 
IPP, Tafa has expressed the intent 
to continue the advancement of a 
control system for thermal spray 
processes. 

are in place, end users of thermal 
spray coating processes, such as 
Pratt & Whitney, General Electric, 
and Ford Motor Company have 
expressed an interest in sprayed 
particle temperature, velocity and 
position sensors and controls. Tafa 
is interested in demonstrating and 
testing the control system at an end 
user’s facility. To further broaden 
the technology transfer, the INEL 
will pursue these opportunities. 

Although no formal agreements 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



National Derived Use Technology Transfer Center 149 
- 

Hybrid Electric Vehicle 
Evaluation 

LDRD 4103 

G. H. Cole 

The purpose of this project is to 
develop and demonstrate the capabili- 
ty within the Idaho National Engineer- 
ing Laboratory to measure time-based 
exhaust gas species and concentra- 
tion from automobiles powered by 
fossil fuels. While bag measurements 
are routinely done throughout the 
automotive industry, research programs 
strongly need time-based measure- 
ments to determine optimum system 
designs. Development of this capabil- 
ity places the INEL in a unique posi- 
tion to aid automotive researchers 
working on reducing automobile emis- 
sions. This new capability combined 
with the existing expertise in perform- 
ing tests on electric vehicles positions 
the INEL as the only Department of 
Energy Laboratory capable of per- 
forming complete systems tests on 
hybrid/electric vehicles currently being 
developed by the DOE and industry. 
Additionally, this capability improves 
the U. S. economic competitiveness 
by way of the President’s program for 
the Partnership for a New Generation 
of Vehicles. 

Gas (LNG) and gasoline) Dodge 
Dakota pickup truck was tested in the 
INEL HybrioElecttic Vehicle Laboratory. 
During the testing, the vehicle was dri- 
ven on a chassis dynamometer using 
the Federal Urban Dynamometer Dri- 
ving Schedule. Measurements of the 
vehicle’s tailpipe emissions were 
made using a Fourier Transform 
Infrared (FTIR) analyzer at one-sec- 
ond intervals, which simultaneously 
identified and quantified the exhaust 
gas constituents. The test was per- 
formed for both fuel types and the 
results of each were compared. 

tants show a significant difference in 
the carbon monoxide constituent of 
the exhaust gases. Differences 
between oxides of nitrogen and hydro- 
carbons were less pronounced. 

A dual-fueled (Liquefied Natural 

Measurements of regulated pollu- 

Objectives 

Identify and implement 
required safety processes for 
this type of activity. 

cedures for testing fossil-fueled 
vehicles. 

Obtain time-based exhaust gas 

Investigate processes and pro- 

measurements using an FTIR 
analyzer. 

We performed a code study to 
Technical Accomplishments 

identdy the safety issues and deter- 
mine what lab modifications or 
operational (experimental setups) 
constraints were required to bring 
the vehicle into the INEL Research 
Center. A safety evaluation report 
was written and approved that 
addressed all new safety, environ- 
mental, equipment, and test issues, 
including a solution that enabled 
the engineers to perform the tests 
without imposing any restrictive 
operational constraints. 

Hydrocarbon and carbon 
monoxide sensors were placed 
within the laboratory to monitor 
these gases and alarm upon detect- 
ing hazardous levels. Output from 
the sensor equipment would shut 
down any source of ignition within 
the dynamometer pit. 

A vent line was routed from 
the LNG relief valves to the out- 
side allowing the vehicle to remain 
in the laboratory for the entire test. 

Test processes and procedures 
were developed based on the Fed- 
eral Test Procedure found in Sec- 
tion 40 of the Code of Federal Reg- 
ulations (40 CFR 86) and imple- 
mented for this experiment. 

Time-based exhaust gas mea- 
surements were obtained for each 
of two fuels using the Federal Test 
Procedure cold and hot start speci- 
fications. Twenty-three exhaust 
gas constituents were measured 
over the 2744-second, 24km driving 
cycle. Detailed data were obtained 
as a function of time (0-10 min) for 
carbon monoxide (cold start and 

hot start), NOx (cold start and hot 
start), and total hydrocarbons (cold 
start and hot start). 
New or Increased Technical Capability 

As a result of this research, the 
capability to test fossil-fueled vehi- 
cles and measure the exhaust 
gasses in the Hybrid/Electric Vehi- 
cle Laboratory at the INEL Research 
Center was demonstrated. The 
INEL is the only laboratory in the 
Department of Energy complex 
having the capability of testing any 
type of automobile presently con- 
templated to replace gasoline pow- 
ered vehicles. 
Business Development Opportunities 

nology Department is currently 
working under a cooperative 
research and development agree- 
ment with the California Air 
Resources Board. This CRADA 
presently focuses on the test and 
evaluation of electric vehicles. 
Discussions with the Board indi- 
cates strong interest in expanding 
the CRADA to include hybrid 
vehicles. 

rowed from the INEL fleet. Dis- 
cussions with INEL personnel 
involved with the LNG-fueled 
vehicle programs and the Federal 
Fleet Conversion Program have 
indicated that the capability 
demonstrated by this LDRD can be 
used to enhance the INEL alterna- 
tive fuel vehicle fleet program by 
accurately monitoring emissions 
over the life of the vehicles. 

Each of the major U. S .  auto- 
mobile companies is expected to 
deliver prototype hybrid vehicles 
under Department of Energy’s 
$200 million Hybrid Vehicle Devel- 
opment Program within the next 
two years. Since the INEL is the 
only independent laboratory capa- 
ble of performing complete tests 
and evaluations of these vehicles, 
there is strong likelihood that these 
services will be provided by the 
INEL. 

The Automotive Systems Tech- 

The vehicle tested was bor- 
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Demand Side 
Management Control 

System for Electric Vehicles 
LDRD 4105 

G. L. Hunt 

This project was intended to eval- 
uate a prototype electric vehicle bat- 
tery charge controller incorporating 
adaptive control strategies for use with 
several types of EV batteries. The 
intelligent controller concept, previously 
developed by one of the project 
coprincipal Investigators, is capable of 
predicting the time, energy and power 
required to charge an electric vehicle 
battery based on a past history of 
vehicle operation and recharging 
behavior. The benefit of this 
approach is that it allows a vehicle 
owner to avoid utility peak demand 
charges for electricity while still assur- 
ing that the vehicle will be fully 
charged when required The project 
could not be completed during FY-95 
due to limited availability of some of 
the batteries which were planned to 
be used. However, a complete test 
sequence was able to be performed 
using an advanced nickel-cadmium 
battery system. Results of this testing 
are discussed and the economic 
potential for this concept is briefly dis- 
cussed. 

Objectives 
Develop a test plan for an 
intelligent battery charge con- 
troller which is adequate to 
establish its performance with 
several types of advanced elec- 
tric vehicle batteries. The per- 
formance features of interest 
include (a) the controller's abil- 
ity to accurately predict the 
time (and energy and power) 
required to recharge each of 
the batteries used after they 
have been subjected to a vari- 
ety of discharges (i.e., simulated 
vehicle driving), (b) the stabili- 
ty of controller behavior, and 
(c) any identified anomalies 
needing correction. 

Perform a series of tests with 
each of three batteries using 
the test plan developed in (1). 
The batteries planned for use 
were: (a) nickel-cadmium; (b) 
valve-regulated (i.e., sealed) 
lead-acid; and (c) nickel metal 
hydride. 

Evaluate the controller perfor- 
mance, determine any needed 
improvements, and m o d e  the 
controller software if applicable. 

Place the controller in field use 
with some potential user orga- 
nization, most likely an electric 
utility, to further evaluate its 
potential for commercialization. 

Accomplishments 

The test plan for each of the 
three candidate batteries was based 
on the following sequence of 
events: (a) condition the battery to 
a stable capacity; (b) perform a 
series of discharge/charge tests to 
train the controller; (c) perform a 
series of discharge/charge tests 
using a simulated driving profile, 
with the battery recharged in an 
uninterrupted fashion to corre- 
spond to on-peak charging; and 
(d) perform a similar series of 
discharge/charge tests with battery 
recharge interrupted by simulated 
utility peak time intervals. 

The first battery available for 
testing was an advanced nickel- 
cadmium EV battery pack which 
was lent to INEL by a Work-for- 
Others sponsor after the sponsor's 
planned testing was complete. 
This battery was selected in part 
because its behavior differs si@- 
cantly from the flooded lead acid 
technology on which the original 
controller design was based, partic- 
ularly the way in which it is 
recharged. Termination of charg- 
ing was controlled by a 10°C tem- 
perature rise, a condition which the 
controller was not designed to be 
able to detect directly but rather 
had to infer from other variables. 

A series of 30 discharge/charge 

Idaho National Engineering Laboratory LDRD M 1995 Annual Report 

cycles was performed on the bat- 
tery. The discharge cycles were a 
seudorandom sequence of tests at 
different power levels and depths 
of discharge, based on the U.S. 
Advanced Battery Consortium 
Dynamic Stress Test for electric 
vehicle batteries. The resulting 
charge behavior is summarized in 
the figure, which illustrates the 
actual recharge time resulting after 
each discharge. The solid line in 
this figure represents the maximum 
recharge time predicted by the con- 
troller after Cycle 64, about mid- 
way through the on-peak test 
cycles. (This curve includes an 
arbitrary programmed 0.5 hour 
'finishing time' allowance, which 
has been subtracted out in the dot- 
ted line.) 

In general the controller's pre- 
dictive behavior for this battery is 
clearly adequate to assure that a 
user's vehicle would be charged 
when desired, while avoiding peak 
electric rates whenever sufficient 
time was available to make this 
possible. To measure the controller's 
ability to adapt to variability in the 
battery discharge behavior three 
cases were measured during the 
testing: (a) after the completion of 
training; (b) later during the on-peak 
testing; and (c) at the end of the 
off-peak tests. The controller sta- 
bility was observed good through- 
out this test sequence. 

Testing on a valve-regulated 
lead-acid battery is still in progress 
at year end. This data will not be 
presented in this report. This sec- 
ond test series did iden* several 
instances of unexpected behavior ~ 

that need to be addressed for relia- 
bility reasons, although none of 
these is fundamental to its operat- 
ing principles. The most important 
problem occurred after a power 
failure, when the controller's non- 
volatile memory kept it apparently 
working but several discharge/ 
charge tests were later found to be 
invalid because of a software mal- 
function. Some cases were also 
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encountered where the controller 
energized its output (which turns 
on the actual battery charger) 
without having been requested to 
do so. 

hydride) battery planned for test- 
ing was not available for purchase 
until September 1995 and has not 
yet been tested. 
New or Increased Technical Capabilities 

instance of INEL evaluation of EV 
battery charge control concepts. 
These concepts are generally at a 
much lower level of development 
than the battery technologies 
themselves, which have been the 
primary focus of the INEL Energy 
Storage Technologies Laboratory to 
date. Such control concepts and 
the electronic systems needed to 
implement them are very much 
open to technology improvements 
in areas where INEL and Lockheed 
Martin have strong capabilities. 
Business Development Opportunities 

The economic potential for this 
EV charge control concept is based 
on the avoidance of higher costs 
per kilowatt hour during peak util- 
ity periods, as well as the imposi- 
tion of peak demand charges in 
some regions. Preliminary indica- 

The third (nickel metal 

This project represents a first 
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tion is that EV on-peak rates will 
be at least double off-peak rates, 
with differentials as much as $0.15 
per kwh. In states such as Califor- 
nia, where the average residential 
electric cost was $0.11 per kwh in 
1993, this could equate to an avoided 
cost up to a dollar per day, which 
in turn could jus* a cost of up to 
several hundred dollars to imple- 
ment this capability for EV owners. 
Other utilities may choose to use a 
peak demand charge based on the 
power used by the charger, which 
would be on the order of $1.00 to 
$1.50 per day for typical EV charg- 
ers. This control capability could 
be realized by stand alone hard- 
ware for early EVs using dumb 
chargers, but implementation as an 
option in intelligent chargers is a 
more likely mid-term opportunity. 

Development of 
Intelligent, Cooperative 

Miniature Robot Systems 
LDRD 4151 

M. D. McKay 

This project is a multi-year effort 
to develop miniature intelligently con- 
trolled robots for characterizing areas 

Condition 
v Training 

On-peak 
Off-peak 
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Nickel Cadmium Battery Pack Recharge Behavior 

inaccessible because of  hazard or 
restrictive size. Emphasis is being 
given to developing an intelligent con- 
trol architecture for self-guided tasks 
and cooperative interaction between 
multiple miniature robots. At the 
INEL, many areas are too congested 
for the use of conventional robots. 
The characterization of these areas 
requires simple miniature robots that 
can perform complex tasks. During 
FY-95, a six-wheeled vehicle was 
developed through a cooperative 
effort with Utah State University. The 
intelligent control system for the robot 
was developed at the INEL. The con- 
trol system was designed to be 
portable and adaptable to diverse 
robot platforms and at the same time 
allow the different robots to act coop- 
eratively, The system is also easily 
adaptable to carry various sensor 
packages as characterization pay- 
loads. 

Utah State University is working 
closely with the lNEL to develop this 
technology, both hardware and soft- 
ware. They have been given a grant 
through the MlT consortium to pursue 
development efforts to meet INEL 
needs. Through USU, Caterpillar Inc. 
has expressed the desire to conduct 
collaborative investigations which will 
lead to commercialization of  products 
resulting from this research. 

Objectives 

Research current intelligent 
control architectures. 

Procure a vehicle and control 
system hardware. 

Develop and integrate an 
advanced control system. 

Test the control system on the 
vehicle platform. 

Publish a final report. 

schedule. 

Accomplishments 
Our research of current intelli- 

gent control architectures focused 
on the applicability of various con- 
trol systems and computational 

All milestones were met on 
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techniques to INEL-specific needs. 
We selected a hybrid control sys- 
tem that uses a real-time, multi- 
tasking operating system as a base 
and provides a combination of 
subsumption-based behavioral 
controls and more traditional 
sense-compute-act controls. 

Procurement of the robot vehi- 
cle was accomplished as a coopera- 
tive effort with Utah State Univer- 
sity (USU). Using a design for a 
proposed Mars rover, USU devel- 
oped a small six-wheeled vehicle to 
integrate with the INEL-developed 
control system. This unique vehi- 
cle measures 12 X 16 X 8 inches 
(WDH). It has six independently 
driven and steered wheels mount- 
ed on a suspension system that 
allows minimal displacement of 
the robot body while going over 
small obstacles. The vehicle is 
nontethered, relying on recharge- 
able batteries for power. The batter- 
ies and drive motors are mounted 
inside the wheels, which lowers 
the center of gravity and increases 
traction. Each wheel is indepen- 
dently steered, allowing the vehicle 
to move in any direction at any ori- 
entation. The electronics to control 
the motors are housed in an on- 
board aluminum enclosure with 
interconnections to motors by rib- 
bon cables. The vehicle as deliv- 
ered has nine simple, coordinated 
motions: forward, reverse, forward 
or reverse ackerman turns(1eft and 
right), spin right, spin left, and 
stop. These motions are activated 
by sending ascii commands to the 
motor controller. 

for the INEL-developed intelligent 
control system was a single-board 
processor from Real Time Products. 
Also purchased for the project 
were the following PC-104 boards: 
a data module providing analog 
and digital 1 /0  capabilities, timers, 
etc.; a SVGA video and flat panel 
driver board; and a PCMCIA 
board, providing one type II slot. 

The computer hardware selected 

This hardware package was select- 
ed because of its size and capabili- 
ties and because it supports the 
QNX real-time operating system 
selected as the base for the control 
system. 

or behavioral type control lan- 
guage was developed. This control 
system was written in C++ and 
includes headers, macros, and 
libraries with many of the behav- 
ioral language functions described 
by Dr. Brooks (MI"). Behaviors 
that control the robots actions are 
written using these functions. Cur- 
rently, a limited number of behav- 
iors have been implemented to test 
the integrated system. These 
include reading sensors, displaying 
sensor data, and driving the vehi- 
cle in a simple structured pattern. 

At this point, sensors on the 
vehicle include eight ultrasonic dis- 
tance sensors, an electronic com- 
pass and inclinometer, and wheel 
and steering motor encoder read- 
ings. A board was developed at 
the INEL to allow the multiplexing 
of the eight ultrasonic sensors. 
This board greatly reduced the 
amount of on-board circuitry, 
increasing the system reliability 
and making the software much 
simpler. Under consideration are 
infrared sensors and bump sensors. 
Additionally, a rechargeable bat- 
tery system was developed to 
allow up to one-hour operation on 
a charge and allows for replace- 
ment of battery packs without 
turning off the system. 

steering motors and the motor con- 
troller boards, we returned the 
vehicle to USU for upgrade. This 
precluded extended testing of the 
integrated system. However, the 
control system and its simple 
behaviors have been used to con- 
trol all the sensors, run the vehicle 
in a simple pattern, and display 
data obtained by the sensors on an 
operator's console. This testing 

Using a QNX base, a reactive 

Because of problems with the 

occurred with the vehicle being 
driven over a serial cable by the 
control processor sitting on a work 
bench. 
New or Increased Technical Capabilities 

The INEL has had a strong 
program in robotics over the past 
years and this is a new and impor- 
tant application of the technology 
acquired. In working with the 
Utah State University which has 
hardware experience in rover like 
robotics we have expanded our 
capabilities to work on a variety of 
performing robot systems. 
Business Deuelopment Opportunities 

While it is early in the develop- 
ment of these practical robotic sys- 
tems companies such as Caterpillar 
have already discussed the desire 
to conduct collaborative investiga- 
tions. The development of the soft- 
ware which operate actual robots 
has many applications in the 
industrial arena. 

Natural Gas Locomotives 
and Transportable Power 

LDRD 41 57 

J. A. Dearien, J. I. Mills 

This LDRD activity evaluated the 
technical, economic, and market 
potential of a mobile, high-power (20- 
to 40-MW) electrical generation 
device. The device is a natural-gas- 
fired, turbine-generator set mounted 
on a railroad vehicle frame. 

This LDRD project evaluated use 
of this device as a power supply for a 
railroad operation (e.g., pulling a train 
or supplying power to a railroad oper- 
ation) and as a mobile power unit that 
is transported to the point of use over 
rail lines. 

required to produce and operate such 
a device were evaluated, and the eco- 
nomics of both production and opera- 
tion were explored. Potential general 
areas of application and markets for 
such a concentrated source of mobile 

The technical parameters 
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power were identified and discussed. 
In the process of this research, 

contacts were made with experts in 
industry and government about the 
technical, economic, and market 
aspects of this device. These con- 
tacts included rail equipment manu- 
facturers, power equipment manufac- 
turers, electrical utilities, railroad oper- 
ators, and electric power regulation 
experts. 

Objectives 
e 

e 

Evaluate the technical feasibili- 
ty of the concept (i.e., can it be 
physically built and operated). 

Perform a preliminary econom- 
ic analysis of the operation of 
th is  concept (i.e., can power be 
produced by such a device at a 
cost that is within the range of 
present power production 
techniques). 

Perform a preliminary market 
assessment of this device (i.e., 
assuming that it is technically 
feasible and economically 
viable, is there a use for such a 
device now or in the future). 

Accomplishments 
This project accomplished all 

of its objectives in varying degrees. 
The concept is definitely feasi- 

ble from a technical standpoint. 
We contacted several entities in 
industry, and we performed suffi- 
cient engineering work within 
INEL, to indicate that a 20- to 40- 
Mw electrical generating plant can 
be placed on a rail platform and 
moved about the country for rapid 
set-up and electrical production. 
We did not evaluate the potential 
for operating the plant while it was 
in motion, although no inherent 
obstacles were identified that 
would prevent operating the unit 
while in motion, given that a rea- 
son can be found for doing so (see 
market evaluation). 

A preliminary economic analy- 
sis of the concept resulted in a pre- 
dicted operating cost of between 

$0.06 and $0.12 per kwhr, which is 
within the range of power now 
being produced in several sections 
of the United States. For those 
regions of the United States (and 
the world for that matter) where 
the average production cost of elec- 
tricity is below the $0.06 to $0.12 
per kwhr cost, there are situations 
(peaking requirements, seasonal 
variations, load development, 
short-term industrial needs, etc.) 
where the higher priced electricity 
would be purchased for some peri- 
od of time-thus, the need for a 
mobile power source that can be 
moved after the need for it ceases. 

A preliminary market assess- 
ment of the technology indicated 
that a definite market is develop- 
ing for this type of device. Market 
development is due to the rapidly 
changing regulatory environment, 
and utilities are currently position- 
ing themselves to operate in this 
new market. The size, both 
breadth and depth, of this market 
could not be assessed, but utilities 
and power-related entities could 
see a market of some size for this 
techno 1 o gy . 

A waiting market was not 
identified for in-motion use of the 
concept, i.e., as a power source for 
a moving train or for any other 
function that would require, or 
could use, power source operation 
while in motion. Potential devel- 
opable applications were identi- 
fied, such as in-transit processing, 
manufacturing, and waste remedi- 
ation, but no looming market as 
was identified for stationary opera- 
tion of a mobile power source. 
Nao or Increased Technical Capabilities 

The INEL has significant 
expertise in electrical power gener- 
ation, control, and delivery. The 
INEL also has sigruficant expertise 
in systems analysis/engineering, 
electrical, mechanical, and project 
engineering. All of these functions 
are needed for evaluation and 
development of the mobile power 

generator concept defined by this 
LDRD activity. It is expected that 
the above capabilities at the INEL 
would be expanded sigruficantly as 
this concept advances toward com- 
mercial development. 
Business Development Opportunities 

As part of this LDRD activity 
and evaluating the mobile power 
generating concept, the team mem- 
bers met with electrical power util- 
ities (Idaho Power Company), 
component manufacturing compa- 
nies (General Electric, Stewart & 
Stevenson, Morrison & Knudsen), 
railroad entities (Burlington North- 
ern Railroad, American Association 
of Railroads), and consultants to 
the power industry (E3, Inc., Ener- 
gy International, Inc.). All of these 
companies indicated an interest in 
some form of cooperative associa- 
tion in developing this concept. 
Further definition of the concept 
and market is required before 
specific cooperative details can be 
proposed. 

Loom Feedback Controls 
LDRD 4184 

M. R. Stacey 

The purpose of this project was to 
investigate the current role played by 
feedback control technology in the 
operation of weaving looms and 
assess the feasibility of adding 
on-loom feedback controls to looms. 
If adding feedback controls proved 
feasible, we were to identify one area 
of loom operation where feedback 
control technology could improve the 
quality and production in textile manu- 
facturing and develop a conceptual 
design to implement this improve- 
ment. 

the use of feedback controls on the 
looms. Two main processes that 
would benefit from feedback control 
were identified through research; one 
deals with remediation of broken yams 

This research project focused on 
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(an extremely frequent and labor- 
intensive occurrence), and the other 
deals with integrating the operation of 
the loom subsystems to variably 
control the tension of the warp threads 
(a conceptual design was developed 
for this latter process). 

The main benefit hoped for from 
this research project was to offer the 
American textile industry a competitive 
advantage in the international market. 
The production of textiles is a labor- 
intensive process that has resulted in 
a weakened market for the American 
textile industry relative to their interna- 
tional competitors, who have access 
to lower-cost labor. As feedback con- 
trol technology is developed for the 
textile industry, American manufactur- 
ers can begin to regain their lead in 
the international market. The direct 
benefit for the INEL is that we are now 
in a lead position to participate with 
the AMTEX CRADA in the area of 
feedback control as the AMTEX 
research begins to migrate to this 
area. 

Objectives 
Update the research team's 
knowledge about the use of 
feedback controls in the textile 
industry, with emphasis on 
loom operations. 

Evaluate the feasibility of 
implementing feedback 
controls on the looms, and 
select one specific area that 
would benefit from feedback 
controls. 

Develop a conceptual design to 
improve the operation of the 
loom, or the quality of its prod- 
uct, by automating operations 
using feedback controls. 

Document findings, and make 
recommendations for follow- 
on research. 

Accomplishments 

became apparent that the textile 
industry in our country uses a 
wide spectrum of technologies, 

As the research developed, it 

from the very primitive to the very 
sophisticated. At the most sophis- 
ticated end, the mills use looms 
that indeed have evolved to take 
advantage of the benefits of feed- 
back controls, however, its applica- 
tions are limited to individual 
subsystems, as opposed to an 
integrated use. Although there are 
several areas in the loom operation 
that would benefit from the devel- 
opment of customized or local 
feedback control improvement, we 
selected two main areas. The 
research pointed out, very clearly, 
that there are serious quality 
problems in the areas of (1) tension 
control in the warp beam, and (2) 
repairing broken yarns on-the-fly. 
Both problems are somewhat 
interrelated. 

Our research focused in the 
area of tension control because it 
presented an opportunity to develop 
a preuentive rather than corrective 
kind of technology, as would be 
the case in the yarn repair area. 

A thorough patent search was 
conducted to confirm that the pro- 
posed technology was not, indeed, 
available, and one textile industry 
collaborator was contacted to venfy 
the usefulness and appropriateness 
of the proposed technology. The 
patent search confirmed that the 
issue of tension control for the 
warp beam is indeed of serious 
concern to the industry, however, 
no one has taken advantage of 
feedback controls technology to 
integrate the operation of the entire 
loom. The industry collaborator 
also confirmed the need for inte- 
grated tension control, and he 
added the need for variability of 
the tension control across the 
width of the fabric (technology that 
has not been developed, either). 

A conceptual design was 
developed to meet the following 
general design requirements: inte- 
grated tension control, variable 

tension control across the width of 
the fabric, and ability to input envi- 
ronmental and yarn properties 
data to the control system. The 
design includes, as some of its fea- 
tures: spatial actuation, real-time 
environment and product informa- 
tion, and real-time machine para- 
meters. 

This project should progress to 
design and test a prototype system 
in-situ. During the first phase of 
OUT research, we were offered the 
testing and learning facilities at the 
Philadelphia School of Textiles, as 
well as other production plants to 
install and test a prototype. It is 
our recommendation to organize a 
formal CRADA partnership with 
selected industry partners and 
prove the technology, and then 
transfer it to the private sector. 

An Invention Disclosure 
Record is being filed with Lock- 
heed Martin Idaho Technologies 
Office of Technology Transfer to 
document the proposed design. 
The principal investigator for this 
project is listed as one of the inven- 
tors; the other inventor is Kevin L. 
Moore, Ph.D., P.E., of System 
Analysis and Control Company, 
Pocatello, Idaho. His work is doc- 
umented in final report: On-Loom 
Feedback Control Systems. 
New or Increased Technical Capabilities 

inevitable, step for the AMTEX 
CRADA research is to use feedback 
controls to integrate the operation 
of the loom during the weaving 
process. INEL is now in a prime 
position to contribute to the 
progress of the AMTEX CRADA in 
the research of feedback control. 
INEL knows what the industry sta- 
tus is now, where many of the defi- 
ciencies are, and where feedback 
controls can best benefit the industry. 

Also, the industry collabora- 
tors for this LDRD are aware of the 
INEL's capabilities, and we have 

The next logical, and 
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the opportunity to continue to 
develop this technology with the 
benefit of their process knowledge. 
As this technology develops, less 
woven fabric will be wasted (due 
to product defects), and therefore, 
the raw materials (cotton, wool, 
etc.) can be better used in the 
industry. 
Business Development Opportunities 

John Pfeiffer, Pendleton 
Woolen Mills, Washougal, 
Washington: industry knowl- 
edge, supports need for tech- 
nology, offered site for in situ 
testing, offered in-kind contri- 
bution. 

Robert Sadler, Baron's Rocky 
Mountain Wool Corporation, 
Brigham City, Utah: industry 
knowledge, supports need for 
technology, offered site for in 
situ testing, offered in-kind 
contribution. 

Martin Heilman, Wayne Mills 
Company, Inc., Philadelphia, 
Pennsylvania: industry knowl- 
edge, supports need for tech- 
nology, offered site for in situ 
testing, offered in-kind contri- 
bution. 

Highly Dynamic Materials 
Process Modeling Using 

Particle Methods 
LDRD 4203 

R. A. Berry 

Advanced materials processing 
research has increasingly depended 
on numerical simulations to integrate 
theory, experimentation, and efficiently 
engineered production. Such 
processes are frequently character- 
ized by large deformations and high 
heat transfer rates with nonequilibrium 
solidification, requiring simulation 
methods that provide complete history 
information and the ability to track 
details of the deformation process. 
Tradition Eulerian and Lagrangian 
techniques (as embodied in finite dif- 
ference, finite volume, and finite ele- 
ment methods) lack the ability to 
simultaneously handle these require- 
ments. This project investigates some 
of the particle methods that have 
appeared recently (mainly in other 
contexts, e.g., astrophysics). The 
methods examined are Lagrangian, 
with computational points (particles) 
carrying all of the material information, 
so material histories are produced but 
are gridless (or nearly so) so that grid 
distortion is not an issue for large 
material deformations. In the 
research, some of the schemes are 
tested on representative problems and 

we conclude that the methods are def- 
initely applicable and should be further 
pursued and used in the advanced 
materials process modeling area. 

Objectives 

Future advancement and com- 
petitiveness in advanced materials 
processing research requires that a 
shift be made toward a stronger 
emphasis on numerical simulation, 
forming a tightly coupled relation- 
ship between theory, mathematical 
modeling, and experimentation. 
Use of numerical simulation has 
lagged because many such processes 
are characterized by large deforma- 
tions and rates and high heat trans- 
fer/solidification rates, and tradi- 
tional methods of analysis (finite 
element, finite difference, or 
finite volume) cannot be appropri- 
ately applied to these problems. 
This project investigates alternative 
methods for approaching these 
problems-grid-free or nearly grid- 
free methods in which the reliance 
on an underlying grid is minimized. 
Technical Accomplishments 

Though quite new, grid free 
methods appear to offer tremen- 
dous potential for the solution of 
such complex processes. During 
the course of our research, we 
introduced several grid free (or 
nearly grid free) methods, includ- 
ing multi-directional finite differ- 
ence (MDFE) methods, moving 
weighted least squares (MWLS) 
methods, reproducing kernel parti- 
cle methods (RKPM), the element- 
free Galerkin method (EFGM), and 
the fully Lagrangian FLIP scheme 
for solids. Others have been intro- 
duced over the past several years, 
including smoothed particle hydro- 
dynamics (SPH) methods, particle 
and force (PAF) method, diffuse 
element methods @EM), the neigh- 
bor node method (NABOR), the 
FLIP particle-in-cell method, and 
the quasi-particle (QP) method. 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



156 National Derived Use Technolop Transfer Center 

We evaluated all these meth- 
ods, giving in-depth examination 
to the smoothed particle hydrody- 
namics (SPH), the fully Lagrangian 
FLIP scheme for solids, and the 
quasi-particle scheme (QP). Our 
research focused on heat transfer, 
solidification, and droplet splat 
dynamics (liquid), as representa- 
tive test cases that demonstrate 
wide applicability to many materi- 
als processing problems. During 
the course of our investigation, 
over twenty small computer pro- 
grams were written to test various 
aspects of these methods. 

The smoothed particle method 
is applicable to large deformations. 
Coding for this Lagrangian method 
can be intricate; permitting each 
particle to interact with all other 
particles is too expensive, so near- 
est neighbor interactions are 
sought. However, a particle’s 
neighbors are continually chang- 
ing, and efficient data handling 
methods are necessary. SPH was 
found to be a very appealing and 
valuable computational tool, espe- 
cially for high-deformation events 
such as impact. We were also able 
to perform conduction and solidifi- 
cation problems with SPH. How- 
ever, we found the SPH method 
still has a few technical barriers to 
overcome before becoming a widely 
useful tool in computational 
mechanics. Instabilities from a 
numerical artifact sometimes 
occurred. We could see no robust 
solutions to this problem and post- 
poned further work on SPH (leav- 
ing this a topic of further research) 
and directed our efforts toward the 
fully Lagrangian FLIP scheme for 
solids. 

With the fully Lagrangian FLIP 
scheme (afull-particle PIC scheme) 
each particle carries all of the prop- 
erties of the fluid (or solid). It 
employs a simple background grid 
to form gradients of certain quanti- 
ties by projecting information from 
the particles to the grid points, and 
then computing the gradient at the 

particles’ locations as an interpolated 
integration by parts. The back- 
ground grid can be quite regular 
even though the material is under- 
going large deformations as repre- 
sented by the Lagrangian particle 
motions. The particle data describe 
the fluid/solid completely from 
cycle to cycle (with low dissipa- 
tion); the particle data are updated 
each cycle from the grid solution, 
not replaced. Constructing and 
modifying algorithms or codes 
using this technique were easily 
accomplished and were similar in 
many ways to finite element con- 
struction methods. Solutions were 
found, however, to be sensitive to 
the ordering or sequence of the cal- 
culations. We also found that 
while linear interpolation was fine 
for some variables, noisy pressures 
and densities were obtained for liq- 
uids and solids with barotropic 
equations of state (small changes in 
density produced large changes in 
pressure; see the figure right), 
indicating (we believe) that a qua- 
dratic or higher interpolation 
should be used for these variables. 
We are very optimistic that this 
method will have numerous appli- 
cations. It appears to effortlessly 
handle solid-solid and solid-fluid 
interfaces and, since material 
points are followed, history-depen- 
dent variables such as those of 
plastic strain and nonequilibrium 
solidification are easily tabulated. 
Further work is necessary to 
include anisotropic features and a 
general slip condition at interfaces. 
New or Increased Technical Capability 

This project has clearly demon- 
strated the power of these grid-free 
methods to serve as a basis for 
advanced materials processing 
simulations where large material 
deformations occur and/or where 
it is necessary to keep accurate his- 
tories of the events associated with 
each material particle. The project 
has placed us now at the point 
where we can efficiently use these 
techniques (of course, with some 
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specific enhancement features for 
specific problems at hand) in the 
development of simulation soft- 
ware for a whole new class of 
advanced materials processing 
problems. We are now further 
aware of several of the nuances of 
these methods. While significant 
effort was spent deriving and 
manipulating the theory behind 
these methods, even greater time 
was spent investigating these 
methods from a coding or imple- 
mentational viewpoint. This latter 
is often overlooked by researchers, 
but, in reality, it is where a larger 
share of time is spent. We recom- 
mended that these methods be fur- 
ther pursued with research direct- 
ed at removing the respective 
shortcomings, as listed, along with 
the MWLS and RKPM methods 
(which have appeared only in the 
past year) mentioned above. 
Business Development Opportunities 

Numerical methods develop- 
ment for advanced materials pro- 
cessing is difficult to sell as a stand 
alone product to an outside cus- 
tomer. It can, however, as is being 
demonstrated at an ever increasing 
level at the INEL, be the key link in 
forming a tightly coupled relation- 
ship between theory, experimenta- 
tion, and efficient engineering 
implementation of advanced mate- 
rials process development. Its real 
benefit in the business arena is to 
help, and even lead, in the selling 
of integrated, complete research 
programs to prospective customers. 

Advanced Plasma 
Processes for 

Black Liquor Gasification 
LDRD 4205 

P. C. Kong, J.D. Grandy, 
A. D. Watkins 

The pulp and paper industry has 
a need to develop technologies that 



1 
National Derived Use Technology Transfer Center 157 

fa) 

tion technologies produce syngas (H2 
and CO), which can be burned in gas 
turbines to produce electricity. While 
steam plasma gasification will be a 
net user of electricity, an advantage 
over the other technologies is direct 
chemical recovery, which will elimi- 
nate causticizing of the recovered 
chemicals. This will result in reduced 
capital and operating costs and envi- 
ronmental concerns associated with 
causticizing. The capital costs of a 
plasma gasification system are 
expected to be considerably lower 
than for the other gasification methods. 

(c) (d) 
Computational Example of Full Particle PIC Scheme. Collision Sequence of Liquid 

Metal (Rectangular) Droplets, Each with 10 m/s Velocity in Opposing Direction. 
(Successive letter indicates increasing times.) 

will allow them to incrementally 
increase production capacity by ten to 
fifteen percent at paper mills. At pre- 
sent, a bottleneck exists in the stan- 
dard Kraft process for paper produc- 
tion once the capacity of the Tomlin- 
son boiler is reached. A Tomlinson 
boiler costs $100 M, It is used to burn 
black liquor to recover energy and 

gy content. Owing to economy of 
scale, manufacturing small boilers to 
accomplish a 15% increase in produc- 
tion is not cost effective. 

tion as a promising method to provide 
incremental capacity and to generate 
electricity as modern paper mills 
become more electricity based. Three 

The industry considers gasifica- 

1 which are then recYcled 
back into the wood Pulping Process. 

technologies under deve/opmenf are 
partial combustion in entrained flow 
reactors or fluidized beds, and steam 
gasification in a fluidized bed. A 

Black liquor consists of organic 
residues and inorganic chemicals 
(sodium and sulfur) left over from the 
Puking Process and has a high ener- 

fourth alternative is steam reforming in 
a plasma reactor. All these gasif&- 

Objectives 

The technical steps toward 
developing a plasma gasification 
process using FY-95 LDRD funding 
included the following: 

Formulate and develop the 
hybrid steam plasma concept. 

Design and construct a bench- 
scale hybrid plasma prototype 
for laboratory tests. 

tests for black liquor gasifica- 
tion and inorganic chemicals 
recovery. 

Perform technology feasibility 

Technical Accomplishments 
All of the technical goals listed 

above for FY-95 have been achieved; 
however, owing to a mid-year cut- 
back in funding, the scope of the 
gasification testing was cut back 
considerably. 

cept as it applies to black liquor 
gasification is to have a steam plasma 
torch operating in tandem with a 
second plasma torch (see the fig- 
ure). Black liquor is injected into 
the steam plasma plume of the first 
plasma torch where initial heating 
and steam reforming reactions take 
place. The second torch allows the 
material to pass through the arc 
generation region where it is super 
heated to plasma temperatures. 
The high amount of sodium in the 
black liquor reduces the required 
operating power of the second 
torch by almost half, reducing the 

The hybrid steam plasma con- 
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nience and because the upstream 
steam plasma torch has not been 
developed. This is a critical devel- 
opment need for FY-96. The steam 
plasma was generated in the sec- 
ond torch by adding sufficient 
water to the black liquor. 

runs have been conducted in the 
latter part of FY-95. Product gas 
samples were taken and analyzed 
with a standard mass spectrometer 
and an ICP mass spectrometer. Fil- 
tered particles were subjected to x- 
ray diffraction (XRD) analysis and 
energy dispersive x-ray spec- 
troscopy (EDXS). The mass spec- 
tral results are qualitative only but 
show production of syn-gas (H2 
and CO) and some C 0 2  as would 
be expected from the water gas 
shift reaction between CO and 
H20. Si@cant amounts of N2 
and 0 2  were also found, indicating 
air contamination either during 
sampling or simply left over from 
the air originally in the reactor. 
Notably, there was no H2S in the 
exhaust gases. This indicates the 
sulfur is reacting preferably with 
the sodium vapor at high tempera- 
tures. Also, H2S is unstable at high 
temperatures and would dissociate 
to H2 and S in a rapidly quenching 
thermal plasma. The ICP mass 
spectral produces a quantitative 
analysis. Ignoring the N2 and 02, 
a mass balance can be done for the 
exhaust, comparing the theoretical 
amounts of syngas generated ver- 
sus the measured, renormalized 
values, as seen in Table 1. The 
XRD analysis of the particles was 
somewhat enigmatic as it did not 
identify any compounds of Na, S, 
0, C, or H with a high probability. 
The compounds matched include 
Na2Sf Nam/  NaOH, and Various 
sodium oxide phases but with a 
low correlation factor. EDXS 
results Of fie Particles are St i l l  

Pending and Should Provide a 
more definitive identification of the 
compounds. 

Several black liquor processing 

Water cooled 

Water-cooled 

operating voltage from 80 to 45 V. 
This is due to the very low ioniza- 
tion potential of sodium (5.1 eV), 
creating plasma conditions at 
much lower temperatures, -7000 K 
versus 12,OOO K in an argon plas- 

ma, in which the ionization poten- 
tial for argon is 15.8 eV. 

the first torch was a standard plas- 
ma spray torch operating on argon 
only. This was done for conve- 

this bench scale prototype, 

P96 0048 
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Table 1 
Theoretical exhaust gas composition 

versus experimental composition. 
(Experimental values have been renormal- 
ked after subtracting N2 and 0,. Note the 
CO forms even though there is enough 
water to theoretically convert all the carbon 
to CO,.) 

Theoretical Experimental 
(%) (%I 

very conservative and suffers from 
small profit margins. The plasma 
gasification must prove autocausti- 
cizing chemicals recovery and have 
a persuasive analysis for energy 
and cost benefits before the indus- 
try will consider a partnership 
where money is invested. 

Ar 77.0 83.0 

co 0.0 4.0 
H2 16.0 11.0 

co2 7.0 2.0 

The overall results of the pro- 
ject indicate that the steam reform- 
ing reaction is occurring and con- 
verting the black liquor into syngas 
and sodium compounds that can 
be used to directly form a caustic 
solution (white liquor) for the 
pulping process. 

New or Increased Technical Capability 
This project has allowed fur- 

ther development of plasma tech- 
nologies and plasma chemical 
processes, which will establish the 
INEL as a leader in these fields. 
The hybrid steam plasma technology 
finds wide applications in hazardous 
waste destruction, inorganic mate- 
rials synthesis, coating deposition, 
chemical synthesis, and energy 
conversion, which are of vital 
strategic and economic interest to 
the United States. 

Business Development Opportunities 
Many industry contacts were 

made during the year by travel to 
the Institute of Paper Science and 
Technology and the Chemical 
Recovery Conference in Toronto, as 
well as through phone conversa- 
tions. Union Camp, Weyerhauser, 
and Consolidated Papers are very 
interested in this plasma gasifica- 
tion technology. They are watch- 
ing the technology development 
very closely, but they are extreme- 
ly reluctant to invest money at this 
early stage. 
The pulp and paper industry is 

Joining and Testing 
of Small-Scale 

Automotive Components 
LDRD 4206 

D. E. Clark 

This project was designed to 
explore some issues that arose out of 
our continuing contacts with the auto- 
motive industry. In particular, the sta- 
bilization of crimped joints for high- 
temperature service, such as oxygen 
sensors, involves welding and solder- 
ing processes; these processes are 
sometimes a source of defects, and 
their control is essential to efficient 
production. The INEL has had signifi- 
cant experience in the diagnostics and 
control of welding processes and has 
been working on CRADAs in several 
areas with USCAR and with individual 
American car makers. 

The project has addressed two 
major areas of interest to the automo- 
tive industry, with the aim of position- 
ing the INEL for further work and pro- 
gram development in the relatively 
unexplored area of these small-scale 
automotive components. One task 
involves the development of a small 
scale machine similar to a Gleeble, a 
hydraulically powered thermomechani- 
cal testing machine typcally used for 
much larger specimens; the present 
machine as developed allows the 
exploration of mechanical property 
and liquid metal embrittlement issues 
on the small scales encountered in 
the new generation of very small auto- 
motive connectors. The other task 
addresses the peculiarities of the 
solidification mechanics of the very 
small welds typical of these connec- 
tors, in particular, how copper wires 
can be welded to stainless steel 
crimped connectors without the hot 

cracking usually seen with copperAron 
dissimilar metal welds. 

Objectives 

Elevated temperature small-scale 
testing device. 
e 

e 

e 

e 

e 

Determine specimen size, 
desired loads, and resulting 
mechanical design of apparatus. 

Determine data acquisition 
requirements. 

Obtain mechanical components 
and construct apparatus. 

Obtain appropriate data acqui- 
sition (DAQ) hardware and 
software. 

Obtain appropriate initial test 
specimens from industrial 
partners. 

Design test matrix and charac- 
terize hot ductility of specimens. 

Evaluate performance of appa- 
ratus and inform industrial 
partners. 

Microscopic examination of low- 
current Gas Tungsten Arc spot welds. 

Examine existing welds metal- 
lographically and with 
SEM/Auger as appropriate. 

Use existing industrial equip- 
ment to make welds across a 
typical parameter space. 

welds for changes in metallur- 
gical phenomena. 

e Examine parameter space 

Quanbfy effects and develop 
phenomenology for low- 
current GTA spot welds. 

Inform industrial partners of 
results. 

Accomplishments 

testing device. 

motive crimped connectors is 

Elevated temperature small-scale 

The newest generation of auto- 
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formed from material as thin as 
0.010 in., yielding cross sections of 
the order of O.0Ol2 inches for a typ- 
ical connector. In testing for liquid 
metal embrittlement, the loads 
when embrittlement occurs are 
very low, approaching zero load 
and nil ductility. We selected an 
electrically driven (brushless dc) 
actuator for loading purposes; with 
a maximum capacity of 1000 lbf, it 
overlaps the lower end of the range 
of the hydraulic Gleeble. Cells of 
1000- and 100-lbf load were 
obtained, kept external for easy 
interchangeability. The resolution 
of the DAQ systems allows small 
fractions of a lbf to be measured. 
A 300A laboratory dc power sup- 
ply was chosen because it already 
existed in the laboratory, and 
because testing showed that it 
could heat small specimens at ade- 
quate rates of several hundred K/s  
without causing noise in the DAQ 
system. The DAQ system selected 
was LabView software running on 
a laptop 486 computer, used 
because available. 

motion was accomplished by a 
controller furnished with the linear 
actuator. Although the linear actu- 
ator has an encoder, an LVDT was 
added to the system to provide 
independent measurement of dis- 
placement. A spare control axis 
within this controller was used to 
control temperature. A user inter- 
face was developed that allows the 
user to graphically specify load, 
time, and temperature, and control 
either load or stroke. 

Appropriate test specimens 
were not available from the indus- 
trial partners at this time, nor were 
the particular combinations of base 
material and solder alloys required 
for LME characterizations, so 
sheets of brass and bronze materi- 
als typically used in such connec- 
tors were obtained from vendors. 
It was determined that the appara- 
tus functioned as expected. The 

The actual control of load and 

machine was built into a custom, 
desk-sized unit. 

Microscopic examination of low- 
current GTA spot welds. 

The specific results obtained in 
this work are based to a large 
extent on proprietary materials and 
designs supplied by the industrial 
partners and cannot be discussed 
in detail at this time. The task of 
clearing some of this work for pub- 
lication in the open literature is 
being pursued. 

ated with GTA welds of this size 
indicate that the molten copper of 
the wires and the stainless steel of 
the crimp, though melted into a 
continuous pool, do not alloy. The 
duration of the welds is quite 
short; the impinging surfaces of the 
two materials are not atomically 
clean; and they thus remain immis- 
cible. This can be seen in many 
cases because of the color differ- 
ences between copper and stainless 
steel under metallographic exami- 

The general phenomena associ- 

nation; although it is possible for 
copper to alloy in the iron-based 
material without causing a sub- 
stantial color change, SEM x-ray 
mapping, shown in the figure 
below, verified the segregation in 
all cases where it was applied. 
Nau or Increased Technical Capabilities 

The small scale testing 
machine is functional, practical, 
and easy to use. As far as we have 
been able to determine, it is 
unique. 

sented by the solidification 
mechanics study is somewhat 
more abstract; it is not well repre- 
sented in the technical literature. 
To some extent, we know about it 
because we happened to be work- 
ing with industrial partners in 
these particular areas. The concept 
of rapidly solidifymg dissimilar 
materials in this context, to avoid 
alloy incompatibility in structural 
welds, bears some further thought. 

The technical capability repre- 

I X-ray Map of Small Area of Weld Between Copper Wire and Stainless Steel Crimp, 
Showing Lack of Mixing of Materials 
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Business Dwelopment wortuni t ies  
Industrial CRADA partners 

were informed of the development 
of the small-scale Gleeble during a 
series of visits to the INEL in Sep- 
tember of 1995. There was consid- 
erable interest in the capabilities of 
the machine, and in its usefulness 
as a screening tool for alloy combi- 
nations. 

There is a window of opportu- 
nity at this point. The small-scale 
testing machine was inspired by 
real problems in automotive con- 
nector joining, and its construction 
on a relatively small budget was 
made possible by borrowing from 
existing hardware and ongoing 
programs, and by advances in 
microcomputers and data acquisi- 
tion software. A conference on 
thermomechanical simulation is 
scheduled for June 1996 in Colum- 
bus, Ohio; many academic and 
commercial organizations will be 
represented there. And an abstract 
has been submitted for internal 
patent clearance, so we can 
describe the machine to the acade- 
mic community and also determine 
if there is any outside commercial 
interest. In the meantime, continu- 
ing contacts with our CRADA part- 
ners may turn up intermediate 
work in the laboratory that will 
allow the practical limits of the 
machine to be tested. 

Process Control Development 
for Ultracapacitor Electrodes 

by Liquid Injection Plasma 
Deposition 

LDRD 4208 

A. D. Watkins, S. C. Snyder, 
P. C. Kong 

Atmospheric plasma chemical 
vapor deposition (CVD) has been 
identified as an enhancing technology 
for the INEL hybrid electric vehicle 
concept, where the power plant is a 

combination of solid oxide fuel cells 
(SOFC), batteries, and supercapaci- 
tors. This technique is used to 
deposit thin, dense, solid oxide elec- 
trolyte layers, electronic conducting 
ceramic seal layers, and porous elec- 
trodes for the SOFC. This process is 
also an enabling technology to deposit 
ultra-high surface ceramic electrodes 
for supercapacitors. Consistent depo- 
sition of high-quality coatings on an 
industrial scale requires the develop- 
ment of real-time process control of 
the substrate temperature. The main 
objective of this work is to develop a 
real-time, nonintrusive technique to 
measure plasma temperatures above 
the substrate surface and to investi- 
gate the feasibility of using this sensor 
for feed-back control. 

Using a frequency integrated 
laser scattering technique, plasma gas 
temperatures as a function of axial 
position were measured in a pure 
argon plasma to obtain base-line data 
for atmospheric plasma CVD process 
control. The frequency integrated 
laser scattering technique was 
enhanced to measure temperature in 
a lightly loaded plasma and investigat- 
ed for use as a real-time sensor. 

Objectives 

Investigate Liquid Injection 
Plasma Deposition (LIPD) 
using Fabry-Perot monochro- 
mator to determine plasma 
velocity and temperature. 

M o w  LIPD and monochro- 
mator equipment. 

Investigate use of frequency- 
integrated laser scattering tech- 
nique as a real time sensor. 

Evaluate the effect of plasma 
temperatures on coating depo- 
sition. 

Technical Accomplishments 

measurements of a plasma vary 
along the axial distance from the 
torch, allowing the feasibility of 
controlling substrate temperature 
by changing axial distance of the 
torch from the substrate. For dis- 
tances greater than 0.5 in., the 
process operating temperatures are 
well within the regime where 
Rayleigh scattering dominates, 
indicating that integrated laser 
scattering is a viable technique to 
measure temperatures at the sub- 
strate providing that particle nucle- 
ation has not occurred, or the parti- 
cle density is very low. 

The figure indicates the overall 
experimental arrangement to 
implement the integrated laser 
scattering technique and the LIPD 
system. The plasma torch used 
was a Miller model SG-100 spray 
torch operated at a current of 
approximately 500 A, with an 
argon flow rate of 35.4 L min-1. 
The laser source was a pulsed 
neodymium-doped yttrium alu- 
minum garnet (Nd:YAG) laser 
operating at 532 nm and 20 mJ 

The velocity and temperature 

M1 
-- ~ Nd:YAG Laser 

%late 

I 
Fiber Optics 

Monochrometer 
b 

\A- 

Plasma 

PM Tube 

I 

Box Car AID 
Averager * Converter 

Beam r 
Dump Descrimination 

Electronics 

Feed-back Control 
Signal for Torch Height 

f 
Computer 

A 

Laser-Integrated Scattering Technique 
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with a pulse width of 10 ns and 
pulse rate of 10 Hz. The scattered 
laser light was collected by fiber 
optics and focused onto the 
entrance slit of a 0.33-m monochro- 
mator. The entrance and exit slits 
of the monochromator were 1 5 0 - p  
wide. In addition, the entrance slit 
was masked with a horizontal slit 
150-p wide to form a square 
entrance aperture. The scattered 
laser light signal was detected 
using a photomultiplier tube 
(PMT), and its output was integrat- 
ed using a gated boxcar averager. 
The analog output of the boxcar 
averager is proportional to the gas 
temperature. 

The plasma torch and injection 
system deposits material onto a 
substrate, where the plasma torch 
is mounted vertically above the 
substrate. Material was injected 
into the plasma injection chamber, 
vaporized by the plasma, and 
deposited onto a quartz disc sub- 
strate. Adjustment of the distance 
between the substrate and the 
injection chamber to control tem- 
perature is physically performed 
by a computer-controlled linear 
slide assembly. The slide assembly 
is equipped with a high-resolution 
encoder to verify and transmit to 
the computer the plasma torch 
position relative to the substrate. 
Computer control is accomplished 
through a 486 microprocessor and 
a bus-based stepper motor control 
board. The computer control 
system uses Labview as an opera- 
tor graphical interface with virtual 
instrument software package sup- 
plied by the linear slide vendor to 
interface the graphical interface 
with the motor control board. 

Liquid precursors (e.g., water), 
0.01M nickel nitrate, and 0.001M 
nickel nitrate were injected into the 
plasma to deposit a thin film of 
nickel oxide on the surface of a sub- 
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strate. A 45-min time-temperature 
experimental run was made where 
precursors were injected into the 
plasma and the temperature was 
measured using the above- 
described equipment. The temper- 
ature measurement signal was sta- 
ble and reproducible for different 
process parameters, an indication 
that the process can be controlled 
through feed-back control. The 
temperature of the plasma changes 
as the injection rate is changed. A 
difference of 200 "C is shown for 
injection rates of 5 ml/min and 
10 ml/min., which is a clear indica- 
tion of the sensitivity of the control 
technique. 

Evaluation of substrate tem- 
perature on the deposition of 
porous materials is continuing. 
New or Increased Capability 

plasma deposition using a frequency- 
integrated laser scattering tech- 
nique is a new capability at the 
INEL. The process and technique 
allows for the consistent deposition 
of thin films that have been pre- 
dominately done in the past by 
chemical vapor deposition. Experi- 
ence gained on this project will 
allow consideration of this process 
and technique for the deposition of 
barrier, functionally dense, func- 
tionally porous coatings. 
Business Development Opportunities 

Contacts have been made with 
Willie Hendrickson of Aveka, Inc. 
(a 3M spinoff). Future work will 
involve development of high sur- 
face area porous electrodes; thin, 
dense zirconia and cerium oxide 
coatings for solid oxide fuels cells 
and oxygen sensors; and the investi- 
gation of multi-laminates materials. 
An invention disclosure is being 
pursued for this measurement 
technique. 

Control of the liquid injection 

Miniature Alternative 
Power Supply Solid Oxide 

Fuel Cell 
LDRD 4395 

C. R. Barklund 

The Miniature Alternative Power 
Supply (MAPS) project purpose was 
to begin development of a power 
supply intended to replace conven- 
tional chemical batteries in portable 
devices such as cellular telephones, 
pagers, laptop computers, and similar 
products. At present, these devices 
are powered by a variety of (usually) 
rechargeable chemical cells. The 
most popular battery type in these 
applications is the nickel-cadmium 
(NiCd) cell. The NiCd cell has its 
drawbacks, though. It has a very low 
energy density, which provides very 
short operating time and requires fre- 
quent recharge. It can also develop a 
memory, which reduces its capacity, 
and it is considered a hazardous 
material when discarded at end of life. 

The Solid Oxide Fuel Cell (SOFC) 
directly converts either gaseous or 
liquid fuel and air to direct current (dc) 
electricity. This conversion is effected 
within a ceramic catalyst that can be 
as thin as three microns. The desired 
output power is achieved by stacking 
several SOFCs together. The method 
to firmly attach these cells to each 
other with an electrically conductive 
means was one focus of the research, 
as was the optimum method to fabri- 
cate the cells themselves. 

The operating time envisioned for 
an SOFC power supply in a typical 
application greatly exceeds that avail- 
able from chemical batteries. The 
recharge time would be seconds, 
compared to hours, and the power 
supply would not present an environ- 
mental hazard upon disposal. The 
potential benefits to the nation's eco- 
nomic competitiveness, as well as to 
the consumer, is immense and obvious. 

Objectives 
Determine the optimum 
method to use for thin-film 
deposition to fabricate the 
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cells. The desired material 
density is critical for the ion 
exchange process to occur to 
generate the dc electricity. 

Fabricate and test a small (3-mm 
diameter, 1.5-mm thick) single- 
cell SOFC. This size of cell was 
calculated to produce the cur- 
rent required for a 3-watt cellu- 
lar phone application. . Develop a means to stack sev- 
eral SOFCs together to achieve 
the desired voltage output. 
This adhesive must have good 
electrical conductivity and 
have a thermal expansion coef- 
ficient similar to the ceramic 
materials of the SOFC. 

Accomplishments 
As this LDRD was funded 

about mid-year, the work has been 
in progress for only six months. 
This has, of course, severely limit- 
ed the accomplishments. Various 
compounds of lanthanum, man- 
ganese, and strontium oxides have 
been explored for use as the anode, 
cathode, and catalyst of the SOFC. 
There were primarily two methods 
investigated to form the thin-film 
layers desired. These methods 
were chemical vapor deposition 
and plasma spray. Additionally, 
an ion hammer was used on some 
samples in an effort to increase 
material density. This work has 
been somewhat successful in that 
cells have been fabricated, but SEM 
analysis has revealed there are still 
some voids larger than desired in 
the structure. A more consistent 
ceramic structure is desired, and it 
is expected given the results of 
work thus far. 

A furnace in which to test the 
sample cells was devised and con- 
structed. This furnace isolates the 
sample in a glass tube with an ID 
slightly larger than the cell OD. A 
ceramic sealer is used to render the 
cell plane gas-tight. When the 
glass tube with the cell inside is 
heated in the furnace to about 

850°C, hydrogen is introduced on 
one side of the cell with oxygen 
introduced on the other. The resul- 
tant reaction is an ion exchange 
that produces dc electricity and 
H20 vapor. The electrical output 
is extracted via platinum wires 
attached to the cell. The electrical 
characteristics of the cell can then 
be explored using sensitive test 
and measurement equipment. 

The effort to develop an electri- 
tally conductive intercell adhesive 
with the proper thermal expansion 
coefficient has been less than satis- 

memory, which reduces its capacity, 
and it is considered a hazardous 
material when discarded at end of life. 

The Thermo-photovoltaic (TPV) 

such as cellular telephones, pagers, 
laptop computers and similar prod- 
ucts. At present, these devices are 
powered by a variety of (usually) 
rechargeable chemical cells. The 
most popular battery type in these 
applications is the nickel-cadmium 
(NiCd) cell. The NiCd cell has its 
drawbacks, though. It has a very low 
energy density, which provides very 
short operating time and requires fre- 
quent recharge. It can also develop a 

factory. Sever. compounds have 
been tested, but the major difficul- 
ty lies in the electrical conductivity. 

device uses a dual-conversion 
methodology to generate dc electrici- 
ty. A gaseous fuel, typically propane 
or butane. is mixed with air and ~~ - -  - .  - .  

burned in a chamber. A fibrous, rare- 
earth, oxide mantle in the flame is 
heated to incandescence and emits a 

More development work in this 
area is indicated. 
N m  or Increased Technical Cavabilities 

unique, narrow-band light in a near- 
visible wavelength. This radiation is 
incident on a photovoltaic cell that has 

This project has enhanced the 
at the INEL in technical 

the ceramic materials processing 
area. The thin-film deposition por- 
tion of the research greatly expand- 
ed our knowledge and ability to 
moduce thin films of consistent 

a sensitivity optimized for the emitter 
wavelength. This PV cell converts the 
incident photons to electricity. 

The operating time envisioned for 
a TPV power supply in a typical appli- 

I 

thickness with generally stable 
density. The electrical characteris- 
tics of the various ceramic com- 
pounds be investigated fur- supply would not present an environ- 

cation greatly exceeds that available 
from chemical batteries. The 
recharge time would be seconds, 
compared to hours, and the power 

ther. This iS a new research direc- mental hazard upon disposal. The 
tion, since ceramics heretofore 
have been used primarily for their 
high-temperature operability char- 
acteristics. Research in this area 
could have unexpected benefits in 
the future. 

potential benefit to the nation's eco- 
nomic competitiveness, as well as to 
the consumer, is obvious and 
immense. 

Objectives 

Miniature Alternative 
Power Supply 

Thermo-photovoltaic 
LDRD 4396 

C. R. Barklund 

The Miniature Alternative Power 
Supply (MAPS) project was to begin 
development of a power supply 
intended to replace conventional, 
chemical batteries in portable devices 

Develop thermal and optical 
recuperation methods and 
materials to increase IT1pV 
device efficiency. An existing 
TPV device converts fuel to 
electricity with a 2.8% effi- 
ciency. 

Find or develop a PV cell with 
high conversion efficiency and 
high sensitivity to the emitter 
wavelength. The commonly 
available photovoltaic (PV) 
cells have a broadband sensi- 
tivity, which acts to decrease 
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sensitivity in any particular 
narrow bandwidth. 

Develop some means to mini- 
mize the thermal impact to 
users from the waste heat. 
Since the fuel is consumed in a 
flame, there are hot gases gener- 
ated which must be exhausted 
externally. The product user 
must be protected from casual 
contact with these hot exhaust 
products. 

Develop a power conditioner 
to match the load characteris- 
tics to the TPV output. Most 
consumer electronic products 
require power in rapidly 
changing levels. The TPV 
device, however, would be 
most efficient operating at a 
steady power output. 

Accomplishments 

As this LDRD was funded 
about mid-year, the work began 
with only six months remaining in 
the fiscal year. A proposed design 
was carefully evaluated, and calcu- 
lations performed based on infor- 
mation from the rare-earth emitter 
developer. The efficiency and sensi- 
tivity of the latest, high-performance 
PV cells were included in these cal- 
culations. The calculations show 
that the maximum efficiency 
attainable in the near future would 
be 9 to 10%. This efficiency is the 
minimum necessary to effectively 
compete with chemical batteries in 
their typical applications. Addi- 
tionally, the waste heat issue was 
problematic. With 90% of the ener- 
g y  rejected as heat, this power 
supply would be unsuitable for use 
in a hand-held device. With this 
information, the project was direct- 
ed to stop development work after 
about two months. Eighty percent 
of the funds were returned. The 
project was, however, directed to 
develop a performance require- 
ments summary document to out- 
line, in basic terms, the parameters 
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of interest in developing a power 
supply for portable consumer elec- 
tronic devices, particularly cellular 
telephones. This document was 
generated and distributed as letter 

N m  m Increased Technical Capabilities 

INEL's knowledge of rare-earth 
materials and photovoltaic cell 
chemistry. This knowledge may 
prove useful in future research 
activities. 

CRB-08-95. 

This project has added to the 

Optimization Based 
SIMPLEV 
LDRD 4468 

M. D. Landon, G. H. Cole 

This project worked toward devel- 
opment of SIMPLEV version 4.0 by 
creating and implementing software 
tools to be able fo find optimal designs 
for electrichybrid vehicles. Optimiza- 
tion is a mathematical science that 
can be applied to engineering design 
to automatically modify existing 
designs to maximize performance. 
The software design includes the fol- 
lowing features: run on a PC (with the 
C/C++ language), a windo ws-based 
graphical user interface, a database, 
graphics for visualization of results 
and report creation, and optimization 
algorithms and methodologies for opti- 
mal design search. The software 
package was not completed under this 
LDRD; however, the database was 
completed, most of the graphical user 
interface was completed, and the opti- 
mization design variables (Le., para- 
meters to be changed as the optimiza- 
tion algorithms search for a better 
design) and the criteria (Le., the 
objective and constraints) were 
defined. Non-LORD follow-on funding 
(carry-over to FY-96) was obtained to 
complete SIMPLEV 4.0. 
Objectives 

Build a complete database for 
SIMPLEV 4.0. This database 
includes vehicle definitions 
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(weight, drag, etc.), driveline 
components (motors, invert- 
ers/controllers, transmissions, 
batteries, engines, etc.), dri- 
ving cycles, and road condi- 
tions (grade, wind speed and 
direction). 

Develop a graphical user inter- 
face. Powerbuilder, a PC/win- 
dows-based graphical user 
interface developer, was used 
to develop the a windows, 
mouse-driven, point-and-click 
operation of (a) database pop&- 
tion and modification, @) vehicle 
type selection, (c) vehicle com- 
ponent definition, (d) driving 
cycle definition, (e) road condi- 
tion definition, (f) links to the 
simulation calculations, (g) etc. 

Define optimization parame- 
ters. The design variables 
were defined (i.e., the parame- 
ters that the user/optimizer 
changes to achieve an 
improved vehicle design). The 
design functions were defined 
(i.e. ,the criteria to define possi- 
ble objective and constraint 
functions) . 

Technical Accomplishments 
SIMPLEV 3.0 is a general pur- 

pose simulation program for per- 
forming parametric studies of elec- 
tric and hybrid vehicles. It was 
written in the BASIC language and 
is being used by over 100 sites in 
the country by engineers who 
design electric/ hybrid vehicles. 
Improvements, enhancements, and 
additional capabilities are needed 
to keep SIMPLEV as the lead code 
of choice. The accomplishments 
achieved under this mid-year pro- 
ject go a long way to reach the goal 
of keeping SIMPLEV in its leading 
role. 

After the user has completed 
the definition of the vehicle com- 
ponents and the driving cycles, 
simulation results are ready to be 
computed. The necessary code that 



National Derived Use Technology Transfer Center 
~ 

calculates the physics of the elec- 
tric/hybrid simulation is partly 
complete. This work is under way 
and is being completed with follow- 
on funding. Graphing of results 
and report creation capabilities are 
also being developed. All of these 
capabilities are being developed to 
be compatible with the windows 
environment. 

Once the simulation calcula- 
tion is available, it will supply the 
necessary results based on the 
input vehicle definitions to be able 
to define the criteria for electric/ 
hybrid vehicle optimization. A 
result of this project was the defini- 
tion of the optimization design 
variables and objective function 
and constraints. 

The variables that will be avail- 
able to perform a design optimiza- 
tion are vehicle weight, drag, 
frontal area, tire resistance, tire 
radius, wheel bearing torque drag, 
energy regeneration, transmission 
gear ratios and gear efficiencies, 
transmission output torque, motor 
speed, torque, efficiency, inverter 
efficiency, min voltage, max cur- 
rent, battery size, weight, number 
of cells, open circuit voltage and 
internal resistance versus depth of 
discharge, driving cycle, road grade, 
wind speed, wind direction, etc. 

The resulting functions from 
the simulation that will be avail- 
able for defining the objective 
function (the function that we want 
to minimize or maximize) and con- 
straints (the functions that need to 
have limits imposed on them) are 
range of travel, total energy con- 
sumed, total vehicle weight, pre- 
dicted pollutants, etc. 

Several of the important opti- 
mization problems that will be able to 
be posed and solved are as follows: 
Find 

vehicle variables 
battery variables 
motor variables 
inverter variables 
transmission variables 
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To 

Or 

Subject to 

maximize range of travel 

minimize energy consumption 

constraints on total vehicle 
weight. 

New or Increased Technical Capability 
The capability to model elec- 

tric/hybrid vehicle performance 
with a windows-based graphical 
user interface contributes to main- 
taining the INEL’s position as the 
technical expertise leader in elec- 
tric/hybrid vehicle simulation. 
The near-term completion of the 
total SIMPLEV version 4.0 (com- 
plete with optimization method- 
ologies) will help position the 
INEL to remain a leader in elec- 
tric/hybrid vehicle simulation and 
design. 
Business Development Opportunities 

This work helped procure 
follow-on funding from the 
Department of Energy to continue 
the development of the code. 
Approximately $128K is available 
to complete SLMPLEV 4.0 and to 
continue incorporating design opti- 
mization capabilities. There are 
already over 100 licensed cus- 
tomers using SIMPLEV 3.0, who 
wiU be customers of version 4.0. 
SIMPLEV 3.0 licenses sell for $795. 
SIMPLEV 4.0 licenses will sell for 
$1500. System engineers at NASA- 
Lewis working with the PNGV 
consortium (Ford, General Motors 
and Chrysler) have agreed to use 
SIMPLEV to formulate electric/ 
hybrid vehicle system designs by 
the systems analysis team at 
NASA-Lewis and PNGV. 
user interface contributes to main- 
taining the INEL’s position as the 
technical expertise leader in elec- 
tric/hybrid vehicle simulation. 
The near-term completion of the 
total SIMPLEV version 4.0 (com- 
plete with optimization method- 
ologies) will help position the 
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INEL to remain a leader in elec- 
tric/hybrid vehicle simulation and 
design. 

Business Development Opportunities 
This work helped procure 

follow-on funding from the 
Department of Energy to continue 
the development of the code. 
Approximately $128K is available 
to complete SIMPLEV 4.0 and to 
continue incorporating design opti- 
mization capabilities. There are 
already over 100 licensed cus- 
tomers using SIMPLEV 3.0, who 
will be customers of version 4.0. 
SIMPLEV 3.0 licenses sell for $795. 
SIMPLEV 4.0 licenses will sell for 
$1500. System engineers at NASA- 
Lewis working with the PNGV 
consortium (Ford, General Motors 
and Chrysler) have agreed to use 
SIMPLEV to formulate electric/ 
hybrid vehicle system designs by 
the systems analysis team at 
NASA-Lewis and PNGV. 

Hybrid Vehicle Component 
Hardware-in-t he-Loop 

Feasibility Study 
LDRD 4469 

G. L. Hunt 

This prvject was intended to 
establish the technical feasibility of 
using the INEL Energy Storage Test 
Laboratory high power battery testers 
as simulated energy storage devices. 
This would make it possible to accel- 
erate the testing of subsystems and 
interface components for hybrid ener- 
gy storage systems in cases where 
full size devices are not yet available. 
Specifically this project aimed to use 
an Energy Systems programmable 
battery tester, controlled by an exter- 
nal PC-based simulation program, to 
simulate a 150 volt ultracapacitor 
bank. A large resistor bank was used 
as the load for the simulated device. 
An actual capacitor bank was also dis- 
charged into this same load for com- 
parison purposes. The test results 
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presented suggest that the fester 
response is fast enough to make 
such a simulation useful, although 
software glitches were discovered in 
the tester which must be corrected 
prior to any practical use. 

0 bjectives 
Develop a test plan and build 
the resistive load bank for the 
intended testing. 

Construct a PC-based real- 
time simulation of a capacitor 
to control the battery tester, 
and develop a battery tester 
program to vary its outputs in 
response to this control input. 

Discharge a Panasonic ultraca- 
pacitor bank into the load 
bank for baseline data. 

Discharge the simulated capac- 
itor (PC controller-battery 
tester combination) into the 
load bank and compare the 
results to the actual capacitor 
discharge. 

Determine the transient 
response limits of the simulat- 
ed capacitor. 

Accomplishments 

tance of about 3.6 C2 was used for 
all testing in this project; this pro- 
vides a load of about 6,200 watts 
at 150 volts. The voltage decay 
curve into this load for an actual 
capacitor bank with a value of 
about 30 farads was measured. A 
capacitor model was then con- 
structed using a real time version 
of ACSL (Advanced Continuous 
Simulation Language). This 
model was intended to measure 
the current and voltage across the 
load bank and generate a control 
signal to the tester to vary its out- 
put to match the capacitor charac- 
teristics. The simulated output 
from ACSL using this model 
(based on a lower resistance load, 
gives a shorter decay time but 

A load bank having a resis- 

does not affect the shape of the 
curve). 

troller to the Energy Systems 
tester, a series of response tests 
were run using a function genera- 
tor to provide the control input 
signal. The Energy Systems tester 
outputs cannot be directly com- 
manded in programmed mode; it 
is necessary to run the tester 
under control of a program which 
jumps to one of several (fixed) 
output steps based on an input 
voltage. This provides coarse out- 
put resolution but was the quick- 
est way to evaluate the tester out- 
put behavior. The figure shows 
the resulting response to an up- 
down ramp input, indicating both 
some output instability and a sig- 
nificant error in the achieved volt- 
age. Viewing the output disclosed 
that this behavior was due to the 
tester output being with an oscil- 
loscope reset to zero at the begin- 
ning of each internal programmed 
step for almost 40 ms. This meant 
that the average output voltage 
was sipficantly less than requested 
because program steps were only 
100 ms long as a result of this 

Prior to coupling the PC con- 

programming approach. This 
anomaly has not been observed 
during previous use of the tester 
because its duration is too short to 
be seen by the data system, which 
samples synchronously with 
respect to the start of each pro- 
gram step. (Program steps are 
normally multiple seconds in 
length.) 

The tester designer conse- 
quently confirmed that these out- 
put glitches are unintentional, and 
corrective action is being planned. 
The PC controller has not yet been 
coupled to the tester because of 
this behavior. However, the oscil- 
loscope observations indicate that 
the tester hardware removes and 
restores its output current across 
this particular load in less than 
5 ms, which is much faster than 
expected. Follow-on LDRD fund- 
ing has been requested to continue 
demonstration of this capability, 
which will be done using the 
'slave' mode of the Energy Sys- 
tems tester. This mode, which has 
never been exercised in the labora- 
tory, permits direct control of the 
tester outputs. This should pro- 
vide sigruficantly faster response 
than a stored program is capable 
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of, although the external controller 
has to assume responsibility for 
keeping the tester within its oper- 
ating limits to avoid damage. 

New or Increased Technical Capabilities 
The goal of this very small 

project was to provide a minimal 
demonstration of the capability to 
use a high power battery tester as 
a simulated energy storage device 
under control of an external simu- 
lation program. Results of this 
effort support the contention that 
this is in fact feasible, although 
additional work and some minor 
tester modifications are required 
for a practical realization. A more 
detailed characterization of the 
dynamic characteristics of this 
software/hardware simulation is 
needed to establish that it can 
function over a wide range of out- 
puts using nonresistive loads. 

Business Deuelopment Opportunities 
Establishment of this capabili- 

ty, which is believed to be unique 
at this time, is expected to lead to 
opportunities for testing large 
hybrid energy storage devices and 
subsystems for the U. S. auto com- 
panies and the Department of 
Energy. 

Software 
Metrics Program 

LDRD 4470 

K. D. Welker, C. S. Miller. 
R. H. Raymond, V. A. Erickson, 

K. R. Johnson, B. C. Hong, 
M. W. Snyder 

Understanding INEL software 
development processes is essential 
to developing quality software. The 
Software Engineering Institute (SEI) 
has recognized the value of estab- 
lishing a software metrics program. 
They have recommended software 
metrics as a key aspect of soft ware 
processes capable of producing truly 
outstanding software. The basis 

behind this recommendation is the 
understanding that measurement is 
the cornerstone of process maturation. 

Currently, there is no unified, 
company-wide, INEL soft ware metrics 
program. Many INEL software pro- 
jects are deficient in collecting impor- 
tant metrics. Before a program can 
be established, some preliminary 
work must be performed. This LDRD 
evaluated the feasibility of applying 
software metrics technologies at the 
INEL. 

Objectives 

the foundation for a software met- 
rics program at the INEL, this 
LDRD project investigated the fea- 
sibility of using software metrics 
as part of software process 
improvement initiatives for sever- 
al pilot projects. The investigation 
for each pilot included: 

In an effort to help establish 

Analysis of the software pro- 
ject, products, and processes 
from a software engineering 
perspective, making an assess- 
ment as to the current state of 
the project, and providing rec- 
ommendations for improving 
software quality. 

Established the feasibility of 
using software metrics to 
improve INEL software quality 
and improve software devel- 
opment processes. 

Developed a metrics implemen- 
tation recommendation which 
can be followed over the soft- 
ware lifetime. 

Accomplishments 

into two areas: first, the formal 
analysis of six pilot projects and 
the mini-analysis of twelve other 
software systems; second, the 
development and investigation 
into software tools which support 
software metrics and process 
improvement. 

The results of this research fall 

The engineering analysis 
focused on understanding and 
documenting the following 
aspects for each of the pilot 
projects: 

Business Goals 
Structural Integrity 
Functional Overview 
Database Assessment 
Operating Environment 
Software Maintenance 
Software Development Process 
Run-Time Performance 
Software Lifecycle 
User Interface 
Software Development 
Methodology 
Configuration Management 
Software Change Process 
Software Quality Assurance 
Documentation Suite 
Software Metrics Application 
Software Architecture 
Reengineering Assessment. 
Pilot projects assessed include: 

Electronic Combat System Integra- 
tion (ECSI), Reactor Loop Analysis 
program (RELAP), Occupational 
Medical Program (OMP), Radio- 
logical Waste Management Com- 
plex Portable Container Inspection 
System (RPCIS), Stored Waste 
Examination Pilot Plant Assay 
System (SAS), and Beryllium 
Reflector Lifetime Model (BRLM). 

Some common threads 
derived from this effort include 
the following: 

All projects were collecting 
some meaningful metrics 
already and had performed 
some level of self-assessment. 

All projects investigated were 
at SEI maturity level one. A 
common deficiency was the 
lack of appropriate organiza- 
tional infrastructure and stan- 
dard processes. 

The use of a Maintainability 
Index metric found appropri- 
ate application across a large 
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number of pilot projects in 
assessing not only maintain- 
ability, but also architectural 
degradation over time as a 
result of software change. 
Several project software 
change processes were modi- 
fied as a result of analysis. 

Function point metrics have 
seen the most success in areas 
where they can be automati- 
cally extracted from the soft- 
ware system. Projects using 
function points are also able to 
measure productivity. 

General software engineering 
knowledge (technologies, 
processes, theories, and jar- 
gon) across pilot projects was 
fairly consistent, and was 
slightly above national 
averages. 

Defect/change tracking, soft- 
ware quality assurance and 
formal testing are general 
weaknesses. Projects cannot 
yet quantify how much sys- 
tem maintenance is costing 
them. 

Most projects would benefit 
from some level of reengi- 
neering. 

In addition to the specific pro- 
ject assessment results,softwaie 
metrics tools were evaluated and a 
proof-of-principle prototype for a 
three perspective maintenance 
measurement tool was construct- 
ed. Techniques for using the tools 
were investigated and applied. 

Nau or Increased Technical Capabilities 
As a result of this effort, four 

important capabilities have been 
strengthened: 

The pilot projects have estab- 
lished a foundation for per- 
forming meaningful project 
measurement. They have 
learned new techniques, 
which will improve software 
quality. 

The organizations that spon- 
sor/support the pilot projects 
have important information 
that can help strengthen 
meaningful process improve- 
ment efforts. 

Metrics awareness, knowl- 
edge, and capabilities at the 
INEL have been advanced. 
This provides a metrics tech- 
nology base that can be mar- 
keted beyond the INEL. 

A metrics assessment product 
has sufficient groundwork so 
as to be marketable. 

New or Increased Technical Capabilities 
The primary business devel- 

opment opportunity that emerged 
as a result of this effort was with 
SET Laboratories. SET Laborato- 
ries produces a family of metrics 
products. Ideas from this project 
have been incorporated into the 
SET Laboratories product baseline. 

Manufacturing 
Research 

LDRD 4479 

H. B. Smartt 

This project is to leverage the 
existing INEL manufacturing research 
position into a rapid manufacturing 
program with associated technical 
capabilities to support the DOE need 
for a strong U.S. manufacturing 
industry, and to support the INEL 
Manufacturing Outreach Program to 
strengthen the regional economy. 
Critical missing elements of a general 
rapid manufacturing technology are 
to be acquired, while building a coor- 
dinated INEL-university-industry prod- 
uct development team. Task leaders 
have worked with university counter- 
parts to coordinate proposals for the 
INEL University Research Consor- 
tium (including industrial participants) 
and to bring students and faculty to 
the INEL via the A WU program. The 
project would be the basis for a 

model of product development at the 
INEL. 

Objectives 
Form a multidisciplinary tech- 
nical team to provide the basis 
for future growth of INEL 
manufacturing R&D activities. 

Define an appropriate focus 
for the INEL manufacturing 
program consistent with 
industrial market needs and 
INEL technological capabilities. 

Develop a plan for acquiring 
funding for continuing the 
work and transfering the tech- 
nology to suitable users and 
vendors. 

Develop low cost, PC-based 
soft tools for agde/rapid man- 
ufacturing. 

Develop processes to support 
manufacture of functional gra- 
dient materials-based products. 

Establish a framework for 
agile/rapid manufacturing to 
support INEL product devel- 
opment activities. 

Accomplishments 
This activity started mid-year. 

The initial activity was to formu- 
late a hypothetical architecture for 
the materials processing and infor- 
mation management structure of a 
generic rapid manufacturing capa- 
bility. During FY-95, significant 
portions of the basic modules in 
that architecture were identified, 
and major parts were either 
acquired or developed. 

tion flow and associated process- 
ing needed for manufacture of 
low-cost, rapid tooling. A team of 
INEL scientists and engineers 
were assembled to form the core 
of an integrated product team to 
support this work. Contacts were 
also made with several universi- 

The Figure shows the informa- 
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aided 

Quality 
actual 

Product 7 - 
E96 0069 

Rapid manufacturing system 
(With respect to this proposal, the 
product shown would be a specific 
piece of tooling.) 

ties, and two INEL University 
Research Consortium proposals 
were funded for FY-95 supporting 
the needs of the work Advanced 
Welding Control Technology 
(G22), Professor Kevin Moore, 
Idaho State University, and Plasma 
Processing of Functionally Gradi- 
ent Materials (G05), Professor Her- 
bert Herman, State University of 
New York at Stony Brook. Two 
additional university teams were 
invited to submit related propos- 
als for potential FY-96 URC fund- 
ing: An Adaptive, Real-Time 
Scheduling Tool for Small-Scale 
Manufacturing, Professor Steven 
Smith, Carnegie Mellon University, 
and Genetic Algorithms Applica- 
ble to Welding Cell Design and 
Specification, Professor Susan 
Carlson, University of Virginia. 

Contacts were also made with 
Lockheed Martin Aeronautical 
Systems personnel, and with sev- 
eral additional companies that 
expressed interest in becoming 
involved with the work through 
CRADA or other arrangements. 

New or Increased Technical Capability 
During FY-95, a graphical user 

interface was developed for an 

existing robot cell based on a CRS 
open architecture, seven-axis, 
articulated robot that uses either 
textual or graphical off-line pro- 
gramming tools, which eliminates 
the necessity of writing conven- 
tional computer code for the 
robot. Work also started on a 
video sensing system for object 
identification for the cell and 
hooks necessary for integrating a 
voice recognition tool into the 
graphical user interface to make 
programming even simpler. 

The team developed two 
process simulation tools. One is a 
robot motion visualization tool, 
which is still under development. 
The other is a welding procedure 
development tool that imports 
product geometry from a CAD 
file. 

decisions about the information 
management infrastructure. 
Based on industry feedback, we 
began developing technology for 
IBM-PC (or clone) platforms with 
Windows or Windows NT operat- 
ing systems, using LabView for 
processing related software devel- 
opment. We developed an Oracle 
relational database, for storage of 
welding data, incorporating a 
Hyper Text Markup Language 
(HTML) Mosaic-like graphic user 
interface, TCP-IP network soft- 
ware, and ethernet hardware. 

Business Development Opportunities 
Manufacturing industries are 

moving toward a body of tech- 
nologies referred to as rapid manu- 
facturing. A roadmap for rapid 
manufacturing leads one from 
agde/flexible manufacturing 
through rapid prototyping to virtual 
prototyping to rapid manufacturing. 
However, most industries depend 
extensively on tooling for a large 
variety of unit operations in dis- 
crete product manufacturing. 
(Discrete products include such 
high-value items as automobiles 

We also made several critical 

and aircraft, both critical to the 
U.S. economy.) Lead times for 
tooling range from weeks to 
months to years, depending on the 
complexity and size of the prod- 
uct. It is typical in the aerospace 
and automobile industries for 
large tools to require well over a 
year for production. The solutions 
to the time problem are either to 
develop toolingless manufacturing 
processes, or to develop the 
methodologies to manufacture 
tooling rapidly. Ordinarily, either 
solution would be daunting. 
However, this past year during 
meetings between Lockheed Mar- 
tin Aeronautical Systems Compa- 
ny (LMAS) personnel and Lock- 
heed Idaho personnel, it was 
apparent that existing INEL capa- 
bilities could be combined with a 
unique tooling design concept 
being developed by LMAS to 
allow timely development of a 
rapid tooling manufacturing 
process years ahead of the 
roadmap. 

lish CRADA relationships with 
Adept Technology, Inc., San Jose, 
California (a major U.S. manufac- 
turer of open architecture robots) 
and CRS, Brantford Ontario, 
Canada (a major Canadian manu- 
facturer of open architecture 
robots). Team members had 
worked previously with Adept as 
part of the Navy Programmable 
Automated Welding Systems pro- 
ject. We should pursue the CRS 
relationship through the Lockheed 
Martin offset program. We have 
been acting as an alpha software 
test site for CRS for several years 
and have a good working relation- 
ship with them. 

Professor David Hardt, CO- 
director of the Leaders for Manu- 
facturing Program at MIT, worked 
with us informally, giving advise 
on positioning of the technologies 
for maximum potential market 
penetration. Professor Hardt has 

Opportunities exist to estab- 
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been working on flexible tooling 
and toolingless manufacturing 

els were produced and laboratory 
testing was performed based on 

projects for several vears. H~ and established ANSI standards. Univer- 
I ,  

Jim cornell at 
Ventures’ Inc” (TTv) are working 
On Obtaining transfer derived adhesives to bind agricultural 
funds (passed from Lockheed 
Idaho through ‘ITV to MIT for 

sity partners were found and con- 
tracted the research and testing of 
new and innovative agriculturally 

crop residues into building materials 
suitable for commercial markets. 

such activities) for Professor Hardt 
to continue to work with us. 

We understand that Sandia 
National Laboratories has a mem- 
bership in NCMS (National Center 
for Manufacturing Sciences, Ann 
Arbor, Michigan). Through that 
membership (which should extend 
to other Lockheed Martin compa- 
nies), we should seek membership 
on appropriate NCMS committees. 
This will provide considerable 
insight into national activities in 
rapid manufacturing and will lead 
to additional opportunities for 
industrial interactions, as well as 
potential funds-in projects. 

Lockheed Martin facilities as part 
of her duties in the Sensor Prod- 
ucts Directorate. She provided the 
team with identification of several Develop a University partner- 
relevant contacts, products, and ship to evaluate the use of 
activities in various Lockheed agricultural derived adhesives 
Martin companies that present in the fabrication of straw 
business development opportunities. particleboard. 

Gail Cordes visited various 

Accomplishments 
A literature search was per- 

formed in March 1995 to deter- 
mine the feasibility and current 

Building Materials 
LDRD 4480 

Objectives 
Complete a literature search to 
determine the current status of 
the use of agricultural crop 
residues in the fabrication of 
building materials, specifically 
particleboard. Also, research 
the feasibility of using an agri- 
cultural derived adhesive to 
fabricate this particleboard. 

Construct particleboard sam- 
ples using an agricultural crop 
residue and compare the 
results with ANSI standards 
as they pertain to the wood 
particleboard industry. Show 
how this product could have 
commercial application. 

L. L. Wiedert 
~ 

This project is researching the 
use of agricultural crop residues for 
the fabrication of building materials 
and looking at agriculturally derived 
adhesives to fabricate such materials. 
The project was to determine the fea- 
sibility of converting agricultural crop 
residues into a useful, economical, 
marketable resource. The effort 
started by completing a literature 
search and interacting with knowl- 
edgeable companies, universities, 
and individual persons. Sample pan- 

status of using agricultural crop 
residues in the fabrication of 
building materials. The research 
indicated that an interest in this 
area has existed for over thirty 
years and that fabrication of building 
materials has been attempted. The 
adhesive that appears to have the 
most promising properties for 
binding agricultural residues is 
diphenylmethane diisocynate 
(MDI), which is derived from 
naphtha. The search also lead to 
using soy and animal blood as 
adhesives that could potentially be 
used and are derived from 
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agriculture. 
As a result of previous 

research, Lockheed Idaho engi- 
neers had the capability to pro- 
duce commercial grade particle- 
board fabricated from straw. An 
independent consultant heard of 
these capabilities, visited the INEL 
and expressed interest in particle- 
board fabricated from bagasse 
(sugar cane residue). The litera- 
ture search indicated that bagasse 
was an agricultural residue that 
had promise for particleboard fab- 
rication, and also had tremendous 
global implications. Based on this 
interest, and to demonstrate the 
feasibility of using agricultural 
residues, sample trials were estab- 
lished at Washington State Uni- 
versity. The target for these trials 
was to produce high quality 
industrial particleboard made 
from bagasse and test according to 
ANSI wood particleboard stan- 
dards. 

After drying and hammer- 
milling the bagasse, it was segre- 
gated into course and fine fibers. 
The processed fibers were blended 
with MDI with the intent of pro- 
ducing a strong, water-resistant, 
formaldehyde-free panel. Accord- 
ingly, two separate trials were 
designed to evaluate panels with 
MDI dosages of 5.5 and 8% by 
weight. Blending of premeasured 
amounts of processed fiber and 
MDI was achieved in a rotary 
drum via an atomized spray. 
Course and fine fibers were blended 
separately. The blended fibers 
were formed by hand in a box in 
such a way as to distribute the 
fibers evenly with a 25% fine/ 
50% course/25% fine layer. 
Homogenous samples were also 
formed without layering. The size 
of the resulting mat was 16 by 
20 inches with a target thickness 
of 3/4 of an inch. The target den- 
sity of all samples was 45 pounds 
per cubic foot. 

The mat was then inserted 
into a computer-controlled press. 
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I'he predetermined program 
involved parameters controlling 
time, temperature, pressure, and 
the staging of certain pressure 
steps. Six separate samples were 
produced. 

Finished samples were ana- 
lyzed and the results were com- 
pared against ANSI standard 
A208.1-1993 criteria. Several parti- 
cleboard grades are contained in 
this standard. These various 
grades are required to meet vari- 
ous strength and performance cri- 
teria. For comparison to the 
bagasse trials, we compared inter- 
nal bond, modulus of rupture, and 
modulus of elasticity. Table 1 
below shows which existing parti- 
cleboard grades were achieved by 
the samples, marked by a d. A 
grade marked with a * indicates 
when the samples were within 
15% of specific properties. 

University partners were iden- 
tified at the University of Georgia, 
(Dr. Chia-Ming Chen), and at 
Iowa State University, (Dr. Deland 
Myers). Dr. Myers was investigat- 
ing the feasibility of using soy and 
animal blood as potential adhe- 
sives in binding straw to produce 
particleboard. Dr. Chia-Ming 
Chen has developed agriculturally 
based adhesives using peanut 
husks and also pecan shells and 
has offered his time, laboratory, 
and chemicals to evaluate the fea- 
sibility of producing straw parti- 
cleboard using this technology. 
Information should be available in 
early FY-96 as to their success. 

New or Increased Technical Capability 
Observation of sugar mill 

operators in India, using bagasse 
as a fuel to run the process, indi- 

cated that if a reverse osmosis 
process could be used for sugar 
extraction, fuel requirements 
could be reduced by =8O%. The 
INEL has the knowledge to design 
and fabricate the reverse osmosis 
system, thereby allowing sugar 
mil ls  to have an excess supply of 
bagasse, instead of using most of 
it for fuel. Using this technology, 
coupled with the demonstrated 
capabilities of bagasse particle- 
board, the excess bagasse could be 
used to fabricate particleboard in a 
facility located next to the sugar 
mills. This concept has tremen- 
dous potential for global applica- 
tion in sugar producing countries. 

Business Development Opportunities 

letter is to be issued to potential 
interested parties such as the 
sugar growers associations both in 
the United States and abroad. 
There is tremendous opportunity 
to use INEL assets to redirect the 
sugar industry into a more effi- 
cient operation, with the opportu- 
nity to expand their business base 
and bring addition outside work 
to the INEL. 

As a result of this research, a 

Smart HVAC 
Systems Design 

LDRD 4481 

R. I. Antill, E. P. Keating, 
R. D. MacDowall, 

K. A. Church-Riddle 

This abstract summarizes the 
results of experiments in measuring, 
tracking, and modifymg building air 
quality. The project ran from March 

Table 1 
Sample M-1 M-2 M-3 M-S LD-1 LD-2 PBU D-2 D-3 

1-A d * d d 4 d 
2-A d d d d 4 
1 -B d d 
1-c d * d d d 
2-c 4 * d d d 
1-D d .i d 4 4 d 

through September 1995. Research 
focused on the capability of an inte- 
grated sensor and microprocessor 
control system to monitor and control 
building air quality. Simply, the con- 
trol system would monitor the conta- 
minant level within a facility and 
a@ust the amount of outside air 
brought into the supply air for the 
facility to offset the generated conta- 
minates and ensure indoor air quality 
(IAQ) is maintained at acceptable lev- 
els. Buildings generate and accumu- 
late contaminants from many sources 
within. Twically, the most significant 
contributor in office buildings are the 
building's own occupants, who gener- 
ate carbon dioxide (Cod, humidity, 
odors, etc. Off-gas from carpets and 
furniture, especially formaldehyde, 
play a significant role since this off- 
gas is a major contributor to occupant 
discomfort and sickness. Other cont- 
aminant sources include copiers, 
paint, plastic, heating, ventilation, and 
air conditioning (HVAC) equipment, 
and printers. 

At present, the basic standard 
that designers and building owners 
use to ensure IAQ is ASHRAE 62-89. 
The methods and procedures for 
designing and determining accept- 
able IAQ are addressed within this 
standard. A principal focus of 
ASHRAE 62-89 is the amount of out- 
side air to be introduced within a 
building to dilute the recirculated air 
to ensure adequate air quality. 
Determination of this amount is 
specifically addressed where two 
separate methods are outlined: Ven- 
tilation Rate Procedure (simple and 
most used), and the Indoor Air Quali- 
ty Procedure. The Ventilation Rate 
prescribes 20 cubic feet per minute 
(cfm) of outside air per occupant is 
brought into the facility. The value is 
based on the CO, level which is used 
as a general indicator of IAQ, encom- 
passing body odors, clothing contri- 
bution, respired contaminants, etc. 

As a HVAC mechanical engi- 
neevdesigner will be quick to point 
out, the amount of wasted energy 
that is consumed by an HVAC sys- 
tem in conditioning the specified large 
amounts of outside air is very high. 
Additionally, heating and cooling 
equipment sizes increase dramatically 
to handle this high load. 
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To lower energy costs and 
ensure building IAQ in compliance 
with ASHRAE 62-89, an integrated 
sensor and microprocessor control 
system was assembled to test the 
feasibility of tracking and modifying 
the building air quality. Equipment 
was obtained from commercial sup- 
pliers. 

Initially, the sensor array under- 
went stringent gas testing in the field 
to determine, verify, and record the 
detecting capabilities of the sensor 
array, in particular, the mixed gas 
(MG) sensor for various gases and 
volatile organic compounds (VOC). 
Calibration gases were used for this 
testing. These data was used to cor- 
roborate and establish the baseline 
capabilities of the sensor array. 

Results of the tests indicate that 
a single sensor could not be used to 
monitor the building IAQ. This result 
ran against industry's argument for 
using either a carbon dioxide or MG 
sensor as a sole determinant of the 
IAQ. Obviously, the dedicated C02 
sensor could not pick up other conta- 
minants such as formaldehyde and 
other VOCs that are a problem. 
However, the MG sensor did not indi- 
cate a sensitivity to COP The lack of 
adequate sensitivity of the MG sensor 
to C02 means an inadequate repre- 
sentation of the building air quality. 

Objectives 
Design and install an IAQ sen- 
sor array with microcontroller 
and data collection system in 
an existing W A C  system and 
monitor/track the air quality. 

Determine the adequacy of the 
sensor array and ability of sys- 
tem to modulate the outside/ 
return air dampers. 

Accomplishments 
The mechanical room at TAN- 

602 of the INEL was chosen as the 
location for the experiment. The 
equipment included sensors as 
well as a microcontroller and data 
collection system. Along with a 
temperature probe, the following 
sensors were installed: sulfur 
dioxide (SO2), carbon monoxide 
(CO), CO,, nitrogen dioxide 
(NO2), and a mixed gas sensor in 
accordance with ASHRAE 62-89. 
The MG and C02 sensors were 
mounted in the discharge of the 
return air fan. For the other sen- 
sors, plastic tubes were routed 
from the outlet of the sensor to the 
suction side of the return air fan. 
For the other sensors, plastic tubes 
were routed from the inlet of the 
sensors to the discharge side of the 

fan. Since the building dampers 
were arranged for recirculation, 
the sensors could pick up the air 
with added contaminants. 
Damper actuators were also pro- 
vided although they were not be 
used. 

Signals from the various sen- 
sors were routed to the microcon- 
troller and data collection system 
within the mechanical room for 
data storage and processing. The 
micro controller that was used for 
this experiment was a Octagon 
systems 2300/H. The Octagon 
systems 2300/H uses a 64180 
CPU, with a 12-bit A/D conver- 
sion. Programming was done in 
CAMBASIC II software, a basic 
programming language that has 
been modified for data acquisition 
and control applications. The 
algorithm was developed to store 
the data and process the signals 
from the sensors. The algorithm 
converted the 4-20 ma signal into 
a ppm value and compared this 
value with a set value in a go/no 
go manner. 

the mixed gas sensor does not 
apparently track the C02 level of 
a building. Furthermore, gases 

Based on the data acquired, 
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such as NO2 had little or opposing 
affects on the MG sensor. Per the 
figure, the response of the MG 
sensor to C02 and NO2 showed 
an improvement in the quality of 
air, not a decrease. The concentra- 
tion of NO2 was 5 ppm. For the 
C02, the major component was air 
and a concentration of C02 at 1000 
ppm or 0.1%, with approximately 
2% minor components. The gas 
CO was 50 ppm and used air with 
5% minor components. The only 
gas that did not use air as its 
major component was SO2. Nitro- 
gen (N2) as the major component 
with 10% minor components. If 
one examines the time period 
from 0 to 24, there is no relation- 
ship between the output of the 
MG sensor and the C02 sensor. 
From the 24th to the 32th time 
period, the two sensors seem to 
track each other, but not as they 
should. There seem to be no rela- 
tionship, or it is opposite of what 
would be expected if the MG sen- 
sor could be used to track the COP 
level. The response of the MG 
sensor to C02 indicates an 
increase in air quality as the level 
of C02 increases. 

is how it can respond to many 
gases. This is what makes it use- 
ful in determining the measure- 
ment of such gases as CO or 
formaldehyde. The MG sensor 
cannot be used to determine the 
level of C02. In addition, since 
there are selected gases that can 
cause the MG sensor to increase 
its output reflecting better air 
quality, the mixed gas sensor can- 
not be used in isolation. 

New or Increased Technical Capability 
While industry tends toward 

simple and inexpensive solutions 
that can be accepted at face value, 
results of the tests indicate that a 
minimum of BOTH the C02 and 
the MG sensor would be required 
to establish adequate tracking of 
IAQ. What this means for the 

The strength of the MG sensor 

INEL is that our research tends 
toward a new direction in the IAQ 
knowledge bank that could devel- 
op toward establishing the INEL 
as a recognized research leader in 
IAQ. With no vested interest in 
any specific product, our research 
should be recognized as authorita- 
tive and substantial. Further sen- 
sor testing in conjunction with 
comparisons with a gas chro- 
matography with mass spectrome- 
try (GCMS) could establish a new 
baseline that other industries 
could not ignore. 

As a direct business benefit to 
the INEL, a system using all of the 
above mentioned sensors would 
be developed along with a very 
cost effective and practical tech- 
nique to track and m o w  IAQ 
within building spaces, which is 
the prime pursuit in industry at 
the moment. Our technique is 
designed. 

Business Development Opportunities 

relationships with internal/exter- 
nal business units. While interest 
was expressed in experimental 
data and results in and from exter- 
nal business units, there were no 
possible relationships to build 
since the relationship was 
competitive. 

There were no collaborative 

High-Temperature Porous 
Cermet Filters for the 

Paper and Pulp Industry 
LDRD 4482 

P. C. Kong, P. A. Lessing 

This project develops catalytic 
high-temperature cermet filters for 
applications in particle filtration and 
NO, destruction for the pulp and 
paper industry. These filters remove 
corrosive fly ash, which currently 
fouls the pulp and paper industry 
black liquor recovery furnaces. Foul- 
ing of recovery boiler components 

during black liquor combustion is a 
significant problem for the paper 
industry. This project also tests the 
capability of these specific porous 
materials for catalytic decomposition 
of NO, and SO, generated in the 
black liquor recovery boilers. Suc- 
cessful development of these materi- 
als will likely solve these problems for 
the pulp and paper industry. 

The catalytic porous filters are 
made of intermetallic aluminides and 
ceramic oxides into a net-shaped 
bulk structure by a self-propagating 
combustion synthesis (SHS) process 
using mixed powders. The cost of 
producing these cermet filters is very 
low. 

These types of intermetallic cer- 
met filters have interesting material 
properties. Some of the specific 
properties include high melting tem- 
peratures (> l5OO0C); good thermal 
shock resistance (fracture toughness 
222 mPa.m1/2); oxidation resistant to 
at least 1 OOO°C; catalytic-to-steam 
reforming and partial oxidation of 
hydrocarbons to syn-gas; may be sul- 
fur resistant; controlled porosity; can 
be brazed to existing structural con- 
figuration during SHS; material com- 
positions can be tailored to be cat- 
alytic to NO, and SO, decomposition; 
electrically conducting (internal heat- 
ing capability); light weight materials, 
mechanically rather strong 17.5 to 
23.2 kpsi; high heat capacities; and 
thermal expansion coefficient control- 
lable. With these material properties, 
several potential applications for the 
cermet filters have been identified. 

Objectives 
Develop a combustion synthe- 
sis process for near net shaped 
high temperature catalytx cer- 
met filters. 

Test cermet compositions for 
catalytic NO, destruction. 

Test cermet composition for 
catalytic steam reforming of 
hydrocarbons. 

Determine fine particle 
removal efficiency from the gas 
stream for the cermet filters. 
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Accomplishments 
The first three objectives have 

been completed. The last is deter- 
mining the particle filtration effi- 
ciency. 

made of intermetallic aluminides 
and ceramic oxides into a net- 
shaped bulk structure by a self- 
propagating combustion synthesis 
process using mixed powders. 
The cost of producing these cer- 
met filters is very low. Powders 
used included Al, transition met- 
als, and ceramic oxides. For 
example, Al and Ni powders in 
1:l mole ratio are mixed with an 
oxide powder (40 wt%) to form a 
green disc compact. The disc 
compact was than fired in a fur- 
nace at about 800°C to initiate the 
combustion synthesis process, 
which continued until the entire 
powder compact was reacted and 
would retain the net shape of the 
green compact. The final product 
is a porous structure with ceramic 
powders dispersed in an open net- 
work of metal matrix. The as- 
formed porous discs were tested 
for their catalytic properties for 
steam reforming of black liquor 
and for NO, destruction. Tables 1 
and 2 show some of the NO, 
destruction test results. The 
results indicate that under a dry 
reducing atmosphere (i.e., no 
moisture) the NiAl intermetallic 
with iron oxides has 100% NO 
reduction at high temperatures. 
The NiAl intermetallic with 
ZrSiO, shows only moderate NO 
reduction under the same test con- 
ditions. These cermet filters also 
show effectiveness in NO reduc- 
tion under a moist (1070 water 
vapor) reducing atmosphere. 
However, the intermetallic, MoSi2, 
did not show any significant cat- 
alytic property to NO reduction at 
any temperature. When tested 
under dry or moist oxidizing con- 
ditions, these materials showed no 

The catalytic cermet filters are 

Table 1 
NO reduction for the cermets under a reducing atmosphere 

(Test condition: 5% NO + 1.67% C2H4 + 93.33% He [reducing]) 

Yo NO conversion (Yo N2 Formed) under reducing atmosphere 
Temperature ("C) NiAl + ZrSiOa NiAl + iron oxides MoSi2 

300 
400 
475 
550 
623 
696 
797 
904 

0 0 0 
0 2.5 0 
0 2.6 2 
0 4.7 2 
3.8 13.3 2 

11.3 43.1 3 
38.7 98.3 7 

100 

Table 2 
No NO reduction for these cermets under an oxidizing atmosphere 
(Test condition: 5% NO + + 95% He [NO is oxidizing]) 

Temperature PC) NiAl + ZrSiO4 NiAl + iron oxides Temperature ("C) 

26 
100 
200 
300 
403 
501 
599 
695 

x o  0 - 73 
x o  0 X 203 
x o  0 X 299 
x o  0 X 302 
x o  0 X 450 
x o  0 X 601 
x o  0 X 798 
x o  

sigruficant catalybc behavior to 
NO, destruction. 

In the steam reforming of 
hydrocarbons to syn-gas, the NiAl 
cermets (with either ZrSi04 or 
iron oxides) all showed catalytic 
activity. Comparison of the ratios 
of H2/C0 in the steam reforming 
of hydrocarbons by these two cer- 
met systems at the same tempera- 
ture indicates that the NiAl-tZrSiO4 
system seems to produce a better 
H2/C0 ratio. 

Particle filtration efficiency is 
still under analysis at this report- 
ing time. Update information on 
filtration efficiency tests will be 
sent to the LDRD office. 

New or Increased Technical Capability 
This project allows the plasma 

technology group to expand its 
technical capability beyond plas- 
ma science. Materials fabrication 

and processing, whether using 
plasma or nonplasma methods, 
has been an important area for the 
plasma processing group. This 
project has provided new and 
increased technical capability at 
the INEL to address problems crit- 
ical to the paper industry. The 
technology can also be applied to 
other industries for offgas control. 

Business Deuelopment Opportunities 

and Consolidated Papers have 
been contacted about this technol- 
ogy, and they are interested in the 
progress of technology develop- 
ment. The Alberta Research 
Council contacted the principal 
investigator through the Lockheed 
Canadian Offset Program and 
inquired about potential develop- 
ment and application of the cer- 
met technology to the Canadian 
paper industry. 

Union Camp, Weyerhauser, 
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Silent Discharge Plasma 
for Treatment of 

Automobile Exhaust 
LDRD 4483 

P. C. Kong, A. W. Erickson 

Automotive exhaust consists of 
unburned hydrocarbons, carbon diox- 
ide and monoxide, nitrogen oxides, 
sulphur oxides, water vapor, and soot 
particles. The level of unburned 
hydrocarbons, carbon monooxide, 
nitrogen oxides, and sulphur oxides 
from automotive exhaust is tightly 
regulated by the US. Environmental 
Protection Agency (EPA). Current 
automotive exhaust control systems 
use catalytic converters to minimize 
the emission of these €PA-regulated 
gases, particularly the NO, level. In 
order to meet tight future EPA regula- 
tions, it is necessary to take addition- 
al measures to minimize automotive 
exhaust emissions. Installing a sim- 
ple, reliable, rugged, and inexpensive 
auxiliary pollution control system after 
the catalytic converter will help mini- 
mize automotive exhaust emissions 
to below €PA-regulated levels. 

Nonthermal plasma techniques 
involving corona discharges, silent 
discharges, and electron beam 
(e-beam) systems have been 
employed to remove pollutants in var- 
ious applications. For example, 
pulsed corona discharges and e- 
beams have been tested for removal 
of SO,, N O ,  and other trace haz- 
ardous hydrocarbons from stack 
gases. Silent discharges such as 
dielectric barrier discharge plasmas 
(DBDP) is also being investigated for 
their ability to destroy stack gas pollu- 
tants. These techniques can be 
extended to the treatment of automo- 
tive exhaust. This project is assess- 
ing the feasibility of applying the 
DBDP technology for the destruction 
of automotive exhaust pollutants. 

Objectives 
Develop an operational bench- 
scale DBDP device for engine 
exhaust treatment. 

Test the bench-scale DBDP 
device with bottled engine 
exhaust gases. 

Assess the performance of 
several transition metals as 
catalysts for NO, destruction 
in the device. 

Assess the performance of 
several transition metal oxides 
as catalysts for NO, destruc- 
tion in the device. 

Accomplishments 

ject have been met, and the analy- 
sis of the DBDP-treated residue 
gas continues. Bottled lawn- 
mower exhaust gas was used as 
the test gas, since the NO, level is 
much higher than any automobile 
exhaust. 

The figure at the top of page 
176 shows a schematic of the 
bench-scale test device. A series 
of experiments were performed 
using various electrodes at 4.14 
kV. A fourier transform infrared 
(FTIR) spectrometer was used in 
conjunction with gas chromatogra- 
phy (GC). The FTIR unit is 
equipped with a residual gas ana- 
lyzer detector cell designed for an 
EPA exhaust gas analysis regime 
and real-time data collection 
required a flow of one liter per 
minute. This meant the use of 
teflon bags for gas storage before 
analysis could be performed. Data 
from GC and FTIR compared well 
during one stainless steel electrode 
test. However, the other tests 
results varied widely, and FTIR 
concentration errors indicate that 
the numbers are unreliable. Sev- 
eral calibration attempts on the 
FTIR were futile. A procurement 
embargo resulted in cancellation 
of calibration gases that probably 
would have allowed FTIR analysis 
of NO, gases. Since the FTIR 
analysis is not reliable at present, a 
method is necessary to infer the 
destruction process occurring in 
the plasma. GC was used to mon- 

All the objectives of this pro- 

itor N2 concentration changes due 
to NO, dissociation to N2 and 0,. 
Bottled lawn-mower exhaust was 
the test gas because the NO, con- 
centration level would be much 
higher than regulated automobile 
exhaust. Cu and SS catalyst show 
nitrogen concentration increases 
after plasma treatment of the raw 
exhaust gas. The increase in N2 
concentration in the treated gas is 
probably due to NO, dissociation. 
Co and Ni catalysts did not show 
this effect. The plasma-treated 
exhaust gas shows COz concentra- 
tion increases using Cu, SS, and 
Ni catalysts. This could have 
resulted from hydrocarbon oxida- 
tion either with 02, NO,, or HzO. 
The GC used for the gas analysis 
is not sensitive to hydrocarbons 
>C2. The hydrocarbon destruction 
results are not very consistent, and 
no preliminary conclusion should 
be drawn at this time. More tests 
should be performed in following 
years. The transition metal oxide 
catalysts are still under testing at 
this final reporting time. Update 
of the test results will be submit- 
ted to the LDRD office when they 
become available. 

New or Increased Technical Capability 

ther development of plasma 
process technologies that will 
establish the INEL as a leader in 
these fields. The silent discharge 
plasma technology finds wide 
applications in off-gas pollutants 
control, air toxin destruction, 
chemical synthesis, and energy 
conversion, which are of vital 
strategic and economic interest to 
the United States. 

Business Development Opportunities 
Ford Motor Company visited 

at the INEL in December 1994 to 
look into what technology would 
have the potential to reduce auto- 
motive exhaust pollutants under 
both cold-start and lean-burn con- 
ditions. If the INEL technology 

This project has allowed fur- 
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Power 
source k 

can demonstrate technical feasibil- 
ity and meet automobile applica- 
tion criteria (use not more than 1 
to 2% of engine power), it should 
create business opportunities with 
the U.S. automotive companies. If 
the U.S. EPA extend the air emis- 
sion standard in the future to 
small engine tools (e.g., lawn 
mowers, garden tractors) it will 
also create business opportunity 
for this technology. 

Evaluation of Liquid Metal 
Technologies Applicable to 
Radioactively Contaminated 

Scrap Metal Recycling 
LDRD 4485 

Bottled engine exhaust I I 
PQ6 no49 

Schematic of the DBDP Offgas Treatment System 

G. F. Kessinger, T. E. Bechtold 

This project identified and evalu- 
ated metallurgical processing tech- 

nologies that could be used to sup- 
port the conversion of radioactively 
contaminated scrap metal (RSM) 
stainless and carbon steels at the 
Idaho National Engineering Laborato- 
ry (INEL) into products appropriate 
for reuse within the DOE complex 
(specifically at the INEL), while using 
facilities already present at the INEL. 

The results of this investigation 
show that the conversion of INEL 
RSM into a LL W disposal boxes for 
use at the Radioactive Waste Man- 
agement Complex (R WMC) is techni- 
cally feasible. Based on costs and 
facility requirements associated with 
production activities in the private 
sector and on estimated and project- 
ed R WMC disposal costs, we con- 
clude that INEL RSM steel could be 
converted to product for production 
costs (not including equipment costs) 
that are comparable to the cost of 
dispositioning RSM to the RWMC. 

The proposed product was iden- 
tified during discussions with person- 
nel from the Lockheed Idaho Environ- 
mental Operations branch. The 
choices of technologies to accom- 

plish material conversion were based 
on a number of considerations, 
including operating/production costs, 
technology maturity, and integration 
of equipment already present at the 
INEL (a four-high reversible rolling 
mill located the Test Area North-Spe- 
cific Manufacturing Capability (TAN- 
SMC) facility) into the processing 
scheme. 

These results should be instru- 
mental in developing a path forward 
for future recycling activities at the 
INEL. 

Objectives 
Identify a product that could 
be used at the INEL and that 
could be fabricated from INEL 
RSM. 

Identify facilities and capabili- 
ties at the INEL that could be 
used to perform the desired 
material conversion. 

Perform a literature search to 
identify technologies appro- 
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priate for converting INEL 
RSM into the product of 
choice. 

Develop a process flowsheet 
for material conversions. 

Develop a spreadsheet to 
compute material throughputs 
and costs associated with 
material conversion. 

Write a final report document- 
ing the results of the develop- 
ment activities (product, INEL 
facilities that could be used, 
results of the literature search, 
and flowsheet and spreadsheet 
of development and results). 

File a n  invention disclosure if 
the product developed is intel- 
lectual property in need of 
protection. 

Accomplishments 

of the following unit operations 
and tasks: (a) sorting, (b) sizing, 
(c) melting, (d) molten metal refin- 
ing, (e) casting, (f) rolling, (9) fab- 
rication, and (h) waste manage- 
ment and disposal. (See the block 
diagram figure below). 

performed to identdy costs associ- 
ated with material conversion are 
based on private-sector produc- 
tion costs. Analysis of the spread- 
sheet/cost model results leads to 

The process flowsheet consists 

The spreadsheet calculations 

the conclusion that the production 
costs associated with the conver- 
sion of RSM steel to LLW boxes 
are less than the costs associated 
with dispositioning RSM to the 
RWMC. 

on-site facility into a foundry facil- 
ity capable of the ingot casting, 
rolling and fabrication activity 
described is in the $5,000,000 to 
$10,000,000 range. 

New or Increased Technical Capability 
The results of this investiga- 

tion are important because they 
lay the groundwork for RSM ben- 
eficial reuse at the INEL. This 
study addressed the sigruficant 
issues related to RSM recycle: 
identification of a product, identi- 
fication of appropriate technolo- 
gies and the development of a 
processing scheme for dealing 
with the materials that should be 
available, and use of facilities 
already present at the INEL. 

The process flowsheet and 
spreadsheet allow the estimate of 
throughput and associated costs 
for three unique scenarios: pro- 
duction of carbon steel products 
from RSM carbon steel, produc- 
tion of stainless steel product from 
RSM carbon steel, and the produc- 
tion of stainless steel product from 
RSM stainless steel. The spread- 
sheet also computes the costs of 

The costs of conversion of an 

Sorting 

Metallurgical 
Additions E-  Sizing 

li, 

Other 

I 

I I I 
Rolling 

Induction Furnace Ladle Furnace 

Baghouse Dusts Plate 
Slag & Dust 

Recycle of metallic scrap 

Fabrication 

Product 

direct disposal of RSM at the 
RWMC, and of direct disposal of 
melt-consolidated RSM (using the 
primary melting facility to volume 
reduce low density scrap into 
ingots that would be subsequently 
go to the RWMC for disposal). 

Business Development Opportunities 
None have been identified as 

a part of this activity. 

INEL Metal Recycle: 
Induction Melting 

LDRD 4486 

T. E. Bechtold 

The disposition of radioactive 
wastes in the United States is 
becoming an increasing problem to 
the Department of Energy and to pri- 
vate utilities. To alleviate part of this 
problem, this project studied the vac- 
uum induction melting (VIM) method 
to decontaminate stainless steel 
radioactive scrap metal (RSM) for 
reuse. The project builds on previ- 
ous refining work performed at the 
INEL using air induction melting 
(AIM). The technique effectively 
removed the surrogates but caused 
carbon pick-up in the melt. This is a 
problem because the product needed 
for waste storage products such as 
drums and nuclear fuel overpack 
containers is the low-carbon grade 
(304L) because of corrosion con- 
cerns. The goal of this research is 
to remove radioactive contaminants 
from stainless steel in a molten metal 
bath using the VIM process and 
lower the carbon content of the stain- 
less steel bath by chemical additions 
or gas injection. The modified VIM 
melt technique may produce a high- 
value 304L steel product for reuse by 
the DOE and the commercial nuclear 
industry. A business could be devel- 
oped where INEL and other scrap 
metal is melted at the INEL or else- 
where and rolled and formed into 
products at the SMC Facility. (See 
flowsheet on the previous page.) 

Radioactively Contaminated Scrap Metal Process Flowsheet 
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Objectives 
Develop a thermochemical 
model: the VIM system will 
be modeled to predict the 
thermodynamic distribution 
of species. 

Conduct VIM experimental 
studies: the calculated VIM 
parameters will be tested with 
metal containing radionuclide 
surrogates. 

Conduct a VIM melt using 
INEL RSM: a charge (2,000 lb) 
of INEL stainless steel RSM 
will be processed at an outside 
vendor. 

Write a final report. 

Accomplishments 
The goal of this research is to 

demonstrate that the VIM process 
can remove radionuclide surro- 
gates (cerium, lanthanum, 
neodymium) and reduce the car- 
bon content of stainless steel to 
meet a low-carbon specification 
(<0.03%). The VIM process was 
modeled (CSIRO/Monash calcula- 
tional program) to predict the 
thermodynamic distribution of 
species between gaseous and con- 
densed phases as a function of the 
system and test variables such as 
melt composition, test tempera- 
ture, gas or chemical additions, 
impurity (surrogate) content, and 
gas/liquid/solid (furnace lining) 
interactions. The equilibrium cal- 
culations show that there is 
enough oxygen present in the sys- 
tem ( Cr203 oxide on stainless 
steel) to react with the surrogates 
and allow them to report to a slag 
phase. The calculations also 
show that the carbon level could 
be reduced by reacting it with a 
gaseous (C02) or solid (Magnetite, 
Fe, 0,) addition. These additions 
will also provide oxygen for reac- 
tion with the surrogates. 

The melt stock had surrogate 
levels of approximately 500 ppm 
and a carbon level of approxi- 

mately 350 ppm. The ingots were 
sampled for chemistry at the top 
and bottom. Test 1 was run with 
straight vacuum in the melt cham- 
ber. The test confirms the predic- 
tion that the surrogates will be 
oxidized and removed to the slag 
phase with the oxygen available in 
the system. Test 2 was designed 
to have an addition of C02 (0.10 atm) 
to the vacuum chamber. A leak 
occurred in the vacuum chamber 
sight glass, and the run was termi- 
nated before completion. Test 3 
was designed to analyze the effect 
of a stoichiometric Magnetite 
(Fe304 ) addition for carbon 
reduction. This amount of Mag- 
netite had no measurable effect on 
the carbon level. Tests 4 and 5 
looked at the effect of C02 addi- 
tions to the system. In both tests, 
the C02 was added during the 
heat-up before the charge was 
molten. The carbon was not 
reduced in these tests; the reason 
is thought to be a high-tempera- 
ture solid formation of metallic 
carbides on the surface of the 
charge, which would tend to 
increase the carbon level. Tests 
are continuing as follows: mag- 
netite addition (2X stoichiometric 
amount will be added); CO, addi- 
tions into the vacuum chamber 
(0.10 atm) and/or through a 
lance when the charge is molten. 

of 2,000 pounds of INEL generat- 
ed stainless steel RSM was con- 
ducted on September 1,1995 at 
Manufacturing Science Corpora- 
tion, Oak Ridge, Tennessee. The 
melt had to be terminated just 
before tapping owing to a furnace 
lining breach. The material was 
retrieved and will be remelted. 

New or Increased Technical Capability 
The data produced in this pro- 

ject (VIM refining) can be added 
to the INEL knowledge base 
developed in previous INEL RSM 
refining studies in air induction 
melting, vacuum arc melting, plas- 

A VIM melt (straight vacuum) 

ma cold hearth melting, and elec- 
troslag remelting to give a good 
understanding of various tech- 
nologies that could be used for 
melt decontamination/refining. 

Business Development Opportunities 
The INEL has the capability 

(SMC Facility) to turn an ingot 
melted and refined/decontaminat- 
ed from stainless steel RSM into a 
plate product that could be fabri- 
cated into useful products such as 
waste storage boxes or drums and 
long-term nuclear fuel storage 
containers. The INEL could recy- 
cle all of its RSM into these prod- 
ucts, thereby avoiding the burial 
cost for the RSM and the purchase 
price for new material. A possi- 
ble material flow would be to melt 
and refine the RSM at an outside 
vendor and bring the material back 
to the INEL for rolling/fabrication. 

Scientific Ecology Group 
(SEG) and Manufacturing Sciences 
Corporation (MSC) have evaluat- 
ed the INEL as a possible site for 
RSM recycling and have evaluated 
possible end products. MSC has 
expressed an interest in setting up 
a joint venture with Lockheed 
Idaho for an RSM recycling center 
at the INEL. 

Process lndustries- 
industrial improvement 

Using integrated Process 
Evaluation 

LDRD 4487 

B. W. Brown 

The purpose of this project was to 
identify process improvements in the 
food processing, aluminum, and pulp 
and paper industries. Consultation 
with industry personnel, site inspec- 
tions, and flowsheet modeling with 
ASPEN PLUS were used to identify 
the process improvements in each 
industry. For food processing, 
improvements were identified for recy- 
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cling of noncontact process water, 
conversion of potato processing waste 
to value-added chemical products, 
and alterative waste-water treatment 
methods. For aluminum, an energy- 
saving process improvement was 
identified using the INEL plasma 
quench reactor in carbothermic reduc- 
tion of alumina. This process would 
potentially reduce the current two-step 
process to a single step, eliminate the 
production of caustic by-products, and 
produce saleable silicon and iron. 
Pulp and paper process improve- 
ments included possible elimination of 
the causticizing step through use of a 
hybrid plasma process, heat recovery 
and cogeneration from the gasification 
process, and use of ammonia to 
recover hydroxide ion. Each area of 
research resulted in follow-on work 
being ide&ed, including work-forwthers, 
FY-96 LDRD proposals, and possible 
CRADAs. 

Objectives 

were to investigate industrial 
processes and to suggest improve- 
ments to these processes. The 
approach was to target a specific 
industrial activity and model its 
operation as a series of unit opera- 
tions using ASPEN PLUS, a 
process simulation program. Three 
industries were selected food pro- 
cessing, pulp and paper, and alu- 
minum. Specific objectives includ- 
ed the following: 

Develop simulation outputs 

The objectives of this LDRD 

such as process flowsheets, 
summary input/output tables, 
and associated plots used for 
analysis. 

Produce a project evaluation 
report summarizing the opti- 
mized integrated simulation 
and cost results. 

Develop a conceptual pilot 
plant and/or process change 
design for engineering devel- 
opment testing. 

Accomplishments 
Food Processing. Process assess- 

ment inspections were conducted 
at four potato processing facilities. 
Process improvements identified 
were presented to the Idaho Asso- 
ciation of Commerce and Industry. 
Areas for process improvement 
include the following: (a ) water 
use minimization via cost-effective 
recycling of noncontact water, (b) 
research and development to 
develop a process for conversion of 
potato processing to value-added 
chemical products, and (c) evalua- 
tion of alternative waste-water 
treatment methods. Proposals 
were sent to, and subsequent dis- 
cussions were held with, each com- 
pany visited. 

Aluminum. Efforts were direct- 
ed at modeling the direct, carboth- 
ennic reduction of bauxite. This 
direct reduction would reduce the 
current two-step process into a sin- 
gle step, eliminate the production 
of caustic red mud, produce poten- 
tially useful iron and silicon by- 
products, be a much simpler 
process, and result in an energy 
savings of approximately 25%. 
The improved process is unlike 
other carbothermic processes 
investigated in that it would use 
the plasma quench reactor (PQR) 
developed at the INEL to effect a 
rapid quench of reaction products, 
thereby preventing back reaction to 
undesirable by-products. Calcula- 
tions of the kinetics of the process 
suggest that rapid quench is the 
key to process success and is feasi- 
ble using the INEL PQR. 

Pulp and Paper. Three differ- 
ent focus areas were addressed: 
(1) ASPEN PLUS modeling of the 
gasification of black liquor using 
a hybrid plasma process showed 
that elimination of the causticiz- 
ing step was possible, (2) heat 
recovery from the plasma torch 
and co-generation using a twin 
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turbine approach on the gasifier 
effluent might be feasible, and 
(3) higher productivity or energy 
savings may result from an alter- 
ative process that uses ammonia 
rather than sodium to recover 
hydroxide ion. 

New or Increased Technical Capabilities 
AZuminum. Experimental work 

at the lNEL is proposed for FY96 to 
confirm the feasibility of using the 
plasma quench reactor for the car- 
bothermic reduction of alumina. If 
these experiments are successful, a 
new process for production of alu- 
minum will be developed with 
INEL technology as the centerpiece. 

Pulp and Paper. Modeling of 
the hybrid plasma process at the 
INEL increased the technical capa- 
bility at the INEL and will serve as 
the basis for future modeling. 

Business Development Opportunities 
Food Processing. Discussions 

are ongoing with the J. R. Simplot 
Company on potential collabora- 
tive work on the three areas cited 
above. It is believed that the INEL 
is positioned to continue to build 
an alliance with this industry that 
has a good chance to develop into 
CRADA work. 

Aluminum. A new process has 
been identified that may revolu- 
tionize the aluminum industry. 
Business development will be pur- 
sued after proposed tests are com- 
plete in FY-96. 

conducted generated the three new 
LDRD proposals for FY96 focused 
around actual industrial needs 
with tremendous economic poten- 
tial: 

Pulp and Paper. The research 

Sensors and controls develop- 
ment to detect nonprocess ele- 
ments within the Kraft process. 

Design optimization of Kraft 
components. 
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Solubility studies and a possi- 
ble alternate Kraft process. 

Depleted Uranium 
Flywheels for 

Stationary Applications 
LDRD 4488 

B. D. Hawkes 

Historically, flywheels were used 
primarily as momentum devices on 
applications such as steam engines or 
stamping presses. The level of 
research by private companies and 
universities has taken some major 
strides in recent times. The main 
emphasis in flywheel research has 
been in connection with alternative- 
energy systems such as wind or solar 
energy. These intermittent power 
sources need an economical way of 
storing their power. Current research 
is focused on flywheels used as ener- 
gy storage devices or Electro-Mechan- 
ical Batteries (EMB). The goal of this 
LDRD was to investigate a flywheel 
rotor that would store 25 kW-hr and 
spin at a maximum speed of 40,000 
RPM (due to the electronics). This fly- 
wheel would be composed of alternate 
layers of an elastomer and a laminat- 
ed composite wrapped around a steel 
shaft. TVpcal flywheels composed of 
a single isotropic material ewerience 
very high radial stresses toward the 
center of the spinning disk and tan- 
gential stresses toward the rim. The 
flywheel design being investigated 
shifts the high radial stresses to tan- 
gential stresses by allowing the elas- 
tomer between rings to stretch, caus- 
ing the laminated rings to stretch tan- 
gentially. The laminates can be laid 
up so that they are strongest in the 
tangential direction. Also, the use of 
laminates allows the flywheel to store 
more energy per pound than an 
isotropic material such as steel. 

Objectives 
Investigate the laminar com- 
posite design to shift the high 
radial stresses typically pro- 
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duced toward the center of the 
spinning disk while shifting 
the tangential stresses toward 
the rim. 

Develop three-dimensional, 
finite-element methods to 
investigate the natural frequen- 
cies inherent in this design. 

Accomplishments 
The flywheel design we inves- 

tigated used a steel shaft 2 in. in 
diameter and 26 in. long. This was 
surrounded by alternate layers of 
elastomer (.5 in thick) and laminate 
(1.3329 in. thick) to bring the diam- 
eter of the flywheel to 24 inches. 
This flywheel would store 25 kW-hr 
of energy when spinning at 40,000 
RPM. An axisymmetric, finite-ele- 
ment model of this design shows 
that the peak stresses in the lami- 
nate rings would be about 210,000 
psi, and the elastomer would expe- 
rience up to 28,000 psi. Common, 
fiber-reinforced laminates have ten- 
sile strengths in excess of 210,000 psi. 

A 3-D, finite-element model of 
the rotor was generated to investi- 
gate the natural frequencies of this 
design. The results show 5 natural 
frequencies in the operating range 
of 0-658 Hz (0-40,OOO WM) The 
design could be modified by mak- 
ing the shaft diameter larger and 
removing or altering the first layer 
of elastomer between the shaft and 
the inner ring of laminate. 

New m Increased Technical Capabilities 
The development of kinetic 

energy techniques, both in respect 
to computer codes and actual 
machine construction, adds to the 
mechanical engineering capabilities 
of the INEL. New projects that are 
under question, such as the ACET 
project involving response to earth- 
quake and wind forces, can be 
aided with the understanding of 
kinetic motion gained in this 
project. 

Business Development Opporhrnities 
Flywheels and other kinetic 

devices are being reexamined by 
industry in general. The previous- 
ly mentioned EMB application is 
one example. EMBs are being 
developed for stationary applica- 
tions such as load balancing for a 
plant or facility, or to level out line 
surges caused by starting pumps 
or other electrical machinery. They 
are also being researched for 
mobile applications such as electric 
cars, portable power-packs, and 
space applications. Mobile applica- 
tions have to deal with other 
aspects of design, such as weight 
and the gyroscopic effects of spin- 
ning masses, that are not problems 
with stationary applications. The 
understanding we gain through 
this work will be valuable to the 
industries considering the use of 
kinetic energy devices. 

Simulation-based Prototyping 
for Manufacturing-based 

Engineering 
LDRD 4758 

W. R. Nelson, W. Hawkes, 
W. Richins, T. Turner, B. Wilding 

This project has assessed the 
need for enhanced software tools to 
support engineering design and to 
assess the suitability of currently 
available packages to form the basis 
for development of commercially 
viable software tools for engineering 
process enhancement. Currently, 
there are many opportunities for 
errors and inefficiencies in engineer- 
ing design and product development 
processes. Currently available soft- 
ware tools primarily have been devel- 
oped to automate current approaches 
for engineering design. A significant 
potential exists for enhanced tools 
that will fundamentally change the 
way product development is per- 
formed and to eliminate or reduce 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



National Derived Use Technology Transfer Center 181 

inefficiencies and errors. Such soft- 
ware tools could significantly improve 
the productivity of engineering teams 
across a broad range of American 
industries, reducing the time and 
expense required to bring a product 
to market and to reduce the likeli- 
hood that the product fails to meet 
customer and user requirements. 

Objectives 
Idenbfy requirements for soft- 
ware support to engineering 
processes to enhance the 
design /manufacturing inter- 
face and telepreneuring. 

Assess the suitability of GS 
Design to serve as the basis for 
a software product to support 
manufacturing based engi- 
neering and telepreneuring 

Develop recommendations for 
development of programs to 
support product development 
and application of lessons 
learned to enhance INEL engi- 
neering processes. 

Accomplishmenis 
A sighcant first step was 

taken toward understanding the 
product development process at a 
high level and highlighting those 
places in the process where soft- 
ware supoor tools could sigrufi- 
candy enhance productivity, 
reduce design/manufacturing 
cycle time, and lessen the likeli- 
hood of errors that cause delays, 
increase costs, and degrade prod- 
uct performance. Leverage points 
were identified where new soft- 
ware tools could be applied to fur- 
ther enhance engineering processes 
(see the figure on the top of the 
next page). These include the 
design modification process, test- 
ing of the design for manufactura- 
bility during design rather than 
after it is complete, and facilitating 
communication among designers 
and reviewers. It also appears 
that additional process enhance- 
ments could be identified by fun- 

damental changes to the ways that 
engineering processes are per- 
formed, and perhaps redistribu- 
tion of functional responsibilities 
among the members of the design 
team. 

It was found that currently 
available software tools support 
many of the tasks and functions 
identified as part of the desired 
engineering design process, but 
that considerable room for 
improvement remains. Although 
the tools provide many features 
that make tasks easier for the 
engineering design team, in most 
cases there is still a requirement 
that the users provide the neces- 
sary ingredients to effectively use 
the capabilities, and the organiza- 
tion must provide an environment 
that encourages the design team 
to function optimally. In too 
many cases, software capabilities 
cannot be effectively used because 
organizations impose impedi- 
ments. There is sigruficant poten- 
tial for new meta-tools to provide a 
higher level of support to the 
engineering design team and to 
make possible the effective func- 
tioning of the overall process. 
However, in most cases organiza- 
tional changes will be required for 
effective use of such tools, so that 
a fundamental culture change 
within the organization may be 
required. 

Although GS Design is a very 
capable solids modeling package, 
it lacks many of the features that 
would be necessary to realize the 
vision of the enhanced engineer- 
ing team. Because we did not 
have access to the internal soft- 
ware structure of GS Design, we 
cannot at this time estimate how 
feasible it would be to bring GS 
Design to this state of develop- 
ment, or how well the fundamen- 
tal engine of GS Design would 
support such a system. 

embryonic effort at INEL to estab- 
This project has added to an 

lish a center for the development 
and application of methods and 
tools to support engineering 
processes. In order for the INEL 
to fulfill its role as the Department 
of Energy's premier applied engi- 
neering laboratory, and for the 
INEL Applied Engineering devel- 
opment Laboratory to fulfill its 
mission, it is necessary to develop 
a more complete understanding of 
engineering processes and to 
develop methods and tools for 
more effective processes. Past 
INEL efforts have focused on 
what is engineered rather than 
how engineering tasks are carried 
out. The establishment of the 
Center for Engineering and 
Human Performance Optimiza- 
tion has formalized Lockheed 
Idaho's intent to be a serious play- 
er in this field. Successful devel- 
opments in this area could have a 
sigruficant impact on the produc- 
tivity of U.S. engineering and 
manufacturing organizations. 
This project has added to Lock- 
heed Idaho's capabilities to be in 
the forefront of this important 
activity. 

Business Development Opportunities 

determine whether GS Design 
could serve as the basis for a 
Lockheed Idaho-led development 
program to develop new engineer- 
ing process support software. We 
have determined that signhant 
work would be needed to bring 
GS Design to the state where the 
desired enhancements could be 
simply added on. That is, si&- 
cant modifications would be 
required so that GS Design could 
function as an engineering design 
package that is competitive with 
other available tools, before it 
would be possible to add next 
generation enhancements. This 
does not imply, however, that 
there is no opportunity for Lock- 
heed Idaho to enter the field. An 

One of our objectives was to 
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appropriate partnership with one 
of the software vendors (whether 
Graphic Systems, SDRC, fjhsdfh, 
or kdjdj) could be developed to 
begin to seriously attack the ineffi- 
ciencies in engineering processes 
identified in this study. There is 
still a market niche that needs to 
be filled, and Lockheed Idaho's 
center for Engineering and 
Human performance Optimization 
is positioned to serve as a catalyst 
to address it. 

Readiness 
LDRD 4759 

J. I .  Mills, B. L. Kaplan 

This research investigated trends 
in thought about organizational and 
human readiness for success in the 
electronic age, with a view toward 
establishing requirements for comput- 
erized tools to support cooperative 
group work. A general set of require- 
ments for distributed work support 
systems (DD WS) was developed, 
considering human-computer interac- 
tion and distributed group work 
issues. Key concepts were applied 
to a case study of an actual organiza- 

tional setting involving distributed 
group work. 

Lessons learned for this work 
include: insights into the potential of 
new technologies to facilitate desired 
cooperative work behaviors; impor- 
tant distinctions between problems in 
information exchange and those 
involving collaboration; needs for 
information infrastructure, phased 
approaches, and for fitting D WSS 
tools to the specific work to be per- 
formed. Questions regarding distrib- 
uted systems thinking and simula- 
tions are treated as subcategories or 
specific instances of D WSS, and 
specifications for a prototype D WSS 
were developed. 

Objectives 
Address organizational and 
human readiness questions in 
the following areas: computer- 
supported collaborative work 
tools; tools to support distrib- 
uted systems thinking; games 
or simulations. 

Perform a case study on a 
real-world distributed work 
team. 

Develop specifications for a 
prototype distributed work 
support system. 

Accomplishments 
Organizational, individual, 

and technological factors, as well 
as currently available tools and 
technologies, were assessed rela- 
tive to their applicability to the 
project's objectives. Based upon 
available tools and the identified 
general requirements, as well as 
the requirements of the selected 
actual organizational setting, a 
general set of requirements for a 
distributed work support system 
was developed, considering 
human-computer interaction and 
distributed group work issues. 
Key concepts were then applied to 
a case study of the critical Mixed 
Waste Focus Area. At the conclu- 
sion of the case study, prototype 
distributed work support system 
guidelines, generally applicable to 
all situations where organizational 
and human readiness are key, 
were developed. 

New or Increased Technical Capabilities 
In the course of this work, 

LITCO was able to integrate into 
its existing capabilities knowledge 
of and experience with a rapidly 
growing area of organizational 
and technology development that 
is important on two fronts. First, 
the competencies and capabilities 
explored and developed may be 
critical in keeping LITCO at the 
cutting edge in doing engineering 
development work in the years to 
come. These capabilities are 
quickly being recognized as a key 
part of engineering and human 
performance optimization. The 
Mixed Waste Focus Area was only 
one of many projects and pro- 
grams at the INEL that are 
increasingly requiring support for 
distributed work. Secondly, the 
LDRD gave LITCO and the INEL 
an understanding of how existing 
INEL resources can be most effi- 
ciently applied to the enhance- 
ment of products and services. In 
addition, the foundation for licens- 
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able management and organiza- 
tional support tools was estab- 
lished. 

Business Development Opportunities 
Extensive opportunities for 

application of distributed work 
support systems have been identi- 
fied in the private sector. Specifi- 
cally, there exists a growing interest 
in the private sector in performance 
optimization. Performance opti- 
mization includes engineering, 
business, human and organiza- 
tional. The foundation established 
by this LDRD will be directly 
supportive of, and complementary 
with, all on-going LITCO activities 
involving environmentally con- 
scious manufacturing and general 
manufacturing management, 
leading to an ability of the private 
sector to more robustly respond, 
in an environmentally sustainable 
and profitable manner, to the 
growing challenges of the 
marketplace. 

Butterfat 
Management 

LDRD 4860 

J. L. Morrison 

The United States dairy industry 
is greater than 30 billion dollars per 
year. The major growth area in this 
industry is cheese ($6B). The quanti- 
ty and quality of cheese products 
from milk depend on the percent of 
butterfat and percent of casein pro- 
tein, roughly 76 to 80% of the total 
protein in milk. Presently, instrumen- 
tation is able to measure the percent 
butterfat and percent total protein to 
an accuracy of 0.06% or less. These 
measurements use toxic reagents for 
sample preparation for an infra-red 
spectroscopy analysis. This tech- 
nique has limited application to real- 
time process control (presently only 
butterfat). Clearly, there is a need, in 
this very large industry, for real-time 
process control to optimize the product 

yield and quality. The overall objec- 
tive of this research is to develop this 
sensor technology and license it to 
U. S. industry. 

Objectives 
Develop physical conceptual 
measurement techniques that 
might indicate a sensitivity to 
casein protein or butterfat in 
milk. 

Perform feasibility laboratory 
tests on those approaches that 
were compatible with the 6- 
month schedule and available 
budget. 

Perform an initial system 
analysis to investigate and 
validate the applications and 
business opportunities for the 
proposed technology being 
developed. 

Demonstrate adequate success 
that would justify committing 
a full year to support the 
effort in FY-96. 

Accomplishments 

were signhcant, in spite of the 
short duration and funding con- 
straints on this project: 

The accomplishments in FY-95 

CRADA with Utah State Uni- 
versity 

Initial development that led to 
five invention disclosures 

0 Preliminary results with three 
microwave techniques 
demonstrating a promising 
sensitivity to percent butterfat 
in control samples of milk. 

Concqfs Lacking Sensitivity 
1. A capacitance probe: Lock- 

heed Idaho Invention Disclosure 
Record, Dairy Butterfat Quantita- 
tive Sensor, Robert D. Dinsdale, 
February 15,1995, to detect butter- 
fat in milk. It has since been 
shown with measurements on a 
network analyzer that low- 

frequency electromagnetic sensing 
techniques, as this probe is, have 
little sensitivity to butterfat or pro- 
tein in milk. 

probe: Lockheed Idaho Invention 
Disclosure, Differential Capaci- 
tance Probe for Process Control 
Involving Aqueous Dielectri Flu- 
ids, J. M. Svoboda, J. L. Morrison, 
March 22,1995, to detect butterfat 
in milk. It is also a low-frequency 
electromagnetic concept and as 
such has inadequate sensitivity for 
butterfat or casein. 
Concepts that Appear to Pe$orm 

tion system: Lockheed Idaho 
Invention Disclosure, Antigen 
Detection System Via Surface Plas- 
mon Resonance Intensity Control 
System, Dr. Thomas Unger, Gary 
Bergeson, John Morrison, June 5, 
1995, to measure casein in milk. 
Could detect casein but is not tested. 

4. An air-line coax sensor: 
Lockheed Idaho Invention Disclo- 
sure, Method for Measuring BF 
Content in Milk, J. Morrison, M. 
Fryer, July 31,1995, to detect but- 
terfat in milk. This method indi- 
cates sensitivity to butterfat. 

ity: Lockheed Idaho Invention 
Disclosure, A Microwave Reso- 
nant Cavity Method for Measur- 
ing Butterfat Content in Milk, J. 
Morrison, M. Fryer, A. Hills, Sep- 
tember 8,1995, to detect butterfat 
in milk. This method indicates 
sensitivity to butterfat. 

6. An open-ended coax to 
detect butterfat in milk. This 
method indicates sensitivity to 
butterfat. 

Concept 3 was not tested this 
year. 

Concept 4, a measurement 
technique with an  air-line coax 
(ALC), yielded promising results 
with a sensitivity to butterfat. The 
absorption idea was tested against 
different milk samples with 
known levels of fat concentration. 

2. A differential capacitance 

3. An antibody-antigen detec- 

5. A microwave resonant cav- 
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The absorption followed the fat 
concentration in the frequency 
band from 1OGHz to 20GHz with 
a peak sensitivity at 15GHz. (See 
the figure below.) 

also was sensitive to butterfat. 
The test results show a promising 
sensitivity to fat concentration 
above 15GHz. 

An additional concept, an 
enhancement based on the 
microwave resonant cavity, devel- 
oped was a differential resonant 
cavity. It is similar in concept to 
the differential capacitor. The res- 
onant cavity would be Y shaped 
and have an unknown sample and 
a reference sample respectively in 
each branch of the Y. Excitation 
would be input at the base of the Y. 

Concept 6, the final area of 
electromagnetics investigated that 
was sensitive to butterfat, used the 
technique of sensing with an open 
ended coax. This structure is suit- 
able for measuring liquids and 
semi-solid materials. The open 
end of the probe is placed in the 
milk while the other end of the 
probe is connected to a vector net- 
work analyzer that measures the 
microwave energy reflected from 
the milk. From this, we calculate 
the dielectric constant of the milk. 

Concept 5, the resonant cavity, 

FY-96 Research Areas 
* Further evaluate each of the 

three microwave butterfat 
sensing techniques and down- 
select to the best performer. 

Develop and test concepts 
such as the antibody-antigen 
concept to detect casein in 
milk. 

Continue the systems/business 
analysis to obtain overall 
focus and guiding require- 
ments to the research. 

New or Increased Technical Capability 
During the course of this 

research, the INEL's technical 
expertise was enhanced in the fol- 
lowing areas: 

Investigation of microwave 
technology to measure process 
milk properties has led to 
enhancements and develop- 
ment of new measurement 
techniques that could be 
applied to other real-time 
process control applications. 

Initial research may have 
resulted in a new microwave 
application to quanbfy butter- 
fat in milk, which could 
replace a currently more 
expensive infra-red optical 
technology. 

The initial results of the team's 
efforts led to new ideas for the 
direct measurement of proteins in 
milk. These ideas resulted in new 
capabilities and opportunities for 
the INEL: 

An INEL control systems and 
electronics development capa- 
bility has been integrated with 
the antibody- antigen technol- 
ogy, and the result is a new 
sensor technology at the INEL 
in the area of bioelectronics. 

The systems investigation of 
the protein measurement 
problem in milk has shown 
that control system technology 
at the INEL has sigruficant 
opportunity to enhance the 
food processing dairy indus- 
try to upgrade batch recipe 
production methods into real- 
time process control. 

Business Development Opportunities 
Our research and develop- 

ment has been aimed at develop- 
ing measurement techniques that 
can detect casein or butterfat, or 
both, in process milk. The goal is 
identify sensors that will detect 
casein and improve the current 
percent fat accuracy measure- 
ments with a lower waste stream 
at lower cost. Our ultimate goal is 
to be able to license this technology 
so as to generate revenues for 
DOE-ID and the INEL. Our initial 
success this fiscal year has been in 
detecting butterfat. The focus to 
this stage has been with initial 
sensor synthesis and evaluation, 
and is strongly supported by the 
internal sensor product direc- 
torate. We also have in place a 
CRADA with one of the top three 
agricultural schools in the nation, 
Utah State University, and are col- 
laborating with the internationally 
renowned dairy expert Dr. P. 
Savello. We have visited a num- 
ber of processor plants where 
management has expressed a 
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desire for improved measurement 
technology. We have also deter- 
mined through discussions with 
Dr. Savello that any cost competi- 
tive device, whether real time or 
not, whether in line or not, would 
be of tremendous benefit to both 
producers and processors. This 
will ensure the opportunity to 
achieve our ultimate goal. We 
expect to focus next year's efforts 
on exploring total protein and 
casein protein detection sensors, 
enhancing the fat sensors, estab- 
lishing points and methods of 
intervention in the chain of pro- 
ducer to final product, and evalu- 
ating a variety of possible system 
implementations of the sensors. 

Advanced Process 
Diagnostics System 

LDRD 4862 

W. E. Austad 

Manufacturing processes are by 
their nature designed to be repetitive 
and precisely the same for each item 
produced. During production runs, 
tolerances drift, resulting from various 
factors such as tool bit wear, variabili- 
ty in part material, and, to a lesser 
extent, machine wear. Eventually, 
defective items are produced if toler- 
ances become too large. Costly 
rework or waste can result from the 
machine degradation. But complicat- 
ed machining patterns are difficult to 
analyze in a systematic and robust 
way. This project aims at one of the 
most basic industries in the rnanufac- 
toring hierarchy, component machin- 
ing with mills and lathes. The appli- 
cation area was chosen for its enor- 
mous potential market, the complexity 
of analyzing such signals with other 
techniques, and the relevance to 
cooperative commercial research at 
the INEL for robotics control and 
automotive manufacturing. 

Our goal is to cooperatively 
develop an adaptive, data-based per- 
formance monitor for a milling 
machine that can detect subtle 

changes in tool wear and machine 
health. INEL and Clemson University 
are applying previous successes with 
RKH-space covariance techniques to 
industrial monitoring and control 
problems. Generic monitoring tech- 
niques produced by this research 
could be applied to many other appli- 
cation areas in advanced monitoring 
and control. 

Objectives 
Identtfy industry application 
to investigate (Ml-system 
selection completed). 

Collect sample of application 
data. 

Preprocess and analyze data 
with prototype algorithms 
(M2-validation of technology 
for industrial application). 

complete). 

other INEL programs. 

Report (M3-final report 

Collaborate with industry and 

Accomplishments 

ground. Traditional parametric 
approaches to linear systems mod- 
eling require high-level analysis to 
form a model of a potentially non- 
linear system. The number and 
types of relevant parameters are 
selected by a highly trained expert 
and/or by systematic reverse 
engineering of the process or com- 
ponent. The reproducing kernel 
Hilbert (RKH) space approach is 
based on low-level analysis of the 
actual system data to produce a 
discrete nonparametric model in 
terms of the input and output 
covariances. The resulting lin- 
earization is suitable for system 
state monitoring and control 
applications concerned with 
adapting to changes in system 
behavior. 

This project investigated sev- 
eral potential application areas 
and selected computer-controlled 

Covariance algorithm back- 

milling machines as the initial 
class of applications to study. 
Simple but sensitive sensors were 
selected (piezoelectric pinducers) 
and analog test data were collected 
for variations in cutting tool 
depths and simulated material 
voids. Material voids were simu- 
lated by drilling small holes of 
controlled sizes in the material 
prior to actual milling. We used 
borrowed instruments for this 
experiment, so the data acquisi- 
tion equipment and sensors were 
not ideal for a fielded industrial 
system. A commercializable effort 
requires a portable data acquisi- 
tion system, more rugged sensors, 
and possibly a more orthogonal 
sensor suite, so sensor changes 
can be intelligently differentiated 
from actual machine changes. 
Collection of stroboscopic images 
of wear particles produced during 
machining was originally for 
physical verification and related 
research interests. But because of 
time constraints, these images and 
large suites of dull tool data have 
not yet been collected. Analysis of 
the mill data is expected at the 
end of FY-95 after the analog data 
have been digitized. However, 
prototypes of the covariant algo- 
rithms were tested using simulat- 
ed noisy data generated by a 
chaotic process. The results 
seemed to confirm the validity of 
the algorithms, which successfully 
detected state transitions. 

Further Work 
FY-96, Phase I .  Software 

should be implemented and tested 
on a full laboratory-scale proto- 
type for one machine, one tool, 
and for a sequence of cutting 
operations. Design and procure 
portable laboratory-scale monitor- 
ing equipment. Formulate test 
patterns, collect data, and develop 
a method to communicate the cur- 
rent location in a cutting sequence. 
Provide physical verification of 
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results with stroboscopic images 
of wear particles. Foster commer- 
cial and university relationships 
that can assist in data collection 
and successful industrial deploy- 
ment. In collaboration with 
Clemson University, validate 
codes, establish criteria for 
machine performance, achieve 
sensitivity or robustness as appro- 
priate, tune implementation, 
build graphical interface, and 
achieve portable "C" versions of 
the Matlab algorithms. 

tion with Clemson and commer- 
cial partners, implement software 
on a more advanced commercial 
prototype for one machine, a 
sequence of tools, and a more 
complex sequence of operations. 
Formulate test patterns and collect 
data for multiple tool types. 
Develop a method to communicate 
what tool is currently loaded. 
Upgrade laboratory prototype. 

tion with commercial partners, 
define hardware and software to 
support integration with existing 
control systems. Explore methods 
to expand to plant level control. 
Design communications with pos- 
sibly proprietary control systems 
from multiple machine venders or 
new open architecture for generic 
covariant control systems. 

New or Increased Technical Capability 

Western Universities (AWU), from 
Clemson University delivered a 
preliminary version of RKH-space 
covariance algorithms in Matlab 
with documentation for general 
use at the INEL. We have gained 
additional experience with data- 
based, covariant analysis, and the 
practical problems faced by metal 
cutting machine industries. Mike 
Fryer presented a paper titled Sys- 
tem Health Monitoring at the 41st 
International Instrumentation 

N-97, Phase II. In Collabora- 

FY-98, Phase m. In collabora- 

Dr. James Reneke, Associated 

Symposium in Aurora, Colorado, 
in May 1995. 

Business Development Opportunities 
Internal Collaborations. Collab- 

orating directorates included Bob 
Polk and Alan Anderson in Sensor 
Products (4800), whose interests 
are generic, adaptive control tech- 
nologies and also potato water 
content data processing; Nancy 
Carlson in End Use, Energy Effi- 
ciency Products (4400), whose 
interest is intelligent control of 
welding and manufacturing 
processes; and Dennis gingham in 
Robotics and Remote Systems 
(4800), whose interest is covariant 
control of cryogenic jets. Collabo- 
rating programs included Robotics 
and Cryogenic Cutting, DOE-OIT 

Advanced Manufacturing 
CRADA, USCAR-LEP-ESSP Intel- 
ligent Welding of Thin Metal 
CRADA. 

University Collaborations. 
Clemson University (TJRC Proposal 
and AWU program), Colorado 
School of Mines (by way of the 
Robotics Program). 

Elcpected Industrial Collabora- 
twns. Cimetrix ZAWCAD CRADA, 
with interests in covariant and 
open systems control for robotics 
and CNC mills; Control Vision, an 
Idaho Falls company interested in 
applying stroboscopic imagers 
currently used for welding control 
to control metal cutting machines; 
and the National Center for Tool- 
ing and Precision Components 
(NCTPC), with interests in 
advanced machining technologies. 
Sandvik Tools also has a simple 
strain gage, level-based tool moni- 
toring system that might be well 
suited to more advanced signal 
analysis algorithms. 

Industry, USCAR-LEP-ESSP 

Idaho National Engineering Laboratory LDRD M 1995 Annual Report 

Miniature Tag and 
Covert Communicator 

LDRD 4866 

I 
I G. C. Bergeson 

Three major research objectives 
were successfully addressed. 

A radio frequency (RF) tagging 
systems current/y on ?he market was 
researched and characterized suit- 
able for fracking farm vehicles and 
harvest operations to determine crop 
yield mapping and to support pre- 
scription farm methods. An RF sys- 
tem for demons?ration research 
efforts at the lNEL was selected and 
assembled. 

We researched and character- 
ized global positioning system (GPS)- 
based tagging and tracking systems 
capable of pinpointing global coordi- 
nates of vehicles, animals, or people. 
We also selected and assembled a 
GPS-based system that can be 
miniaturized for covert implant and 
covert tracking of fleeing vehicles, 
drug smuggling vehicles, or military 
reconnaissance. The system was 
purchased for demonstration and for 
future agricultural, law enforcement, 
and national security programs 
research efforts at the INEL. 

Research biological tagging tech- 
niques can be used for fast identifica- 
tion of mammals for tracking and 
positive identification. We also 
selected and demonstrated a tech- 
nique suitable for tracing meat prod- 
ucts from live animal to individual 
packaged product. 

tion systems or documentation in all 
three areas, which will be used to 
support future INEL projects and 
missions. 

~ 

The INEL now has demonstra- 

Objectives 
Obtain an RF tracking capabil- 
ity with the following specifi- 
cations: 

- Small read/write tag that 
can be mounted in farm vehi- 
cles and trucks 
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- Communicate over an RF 
link with a range of six feet or 
greater 

- Data interface such as E232 
to link into a PC computer 
system 

- Withstand environmental 
conditions normally found in 
a farm environment 

Obtain a GPS tagging and 
tracking capability with the 
following specifications: 

- GPS coordinate readout, 

- Range greater than 5 miles, 
radio LOS, 

- Miniaturizable to lx lx l  in., 

- Frequency options for cellu- 
lar telephone, mobile radio, 
and GPS interface, 

- Receiver data suitable for 
mapping systems. 

and tracking technique with 
the following specifications: 

a. The technique shall work 
with animals and humans 

- It shall provide a high 
power of discrimination even 
between closely related or 
genetically identical individu- 
alS 

- Rapid procedure (Less than 
one hour) 

- Cost effective (Less than 
$3.00 per individual test) 

- Can be performed in the 
field or laboratory 

- Will allow computer analy- 
sis of results, including archiv- 
ing and database searches by 
pattern matching 

Obtain a biological tagging 

The three research topic areas 
were fidy rooted in INEL tech- 
nical programs and each specifi- 
cally addressed a deficiency in 
current programs as follows. 

ing capability specifically for 
farming operations. The project 
has successfully filled that need 
and has even supplied a system to 
the agricultural program. The 
INEL needed a covert tracking 
system with sufficient range to 
support the National Institute of 
Justice (NIJ) proposal titled Flee- 

Accomplishments ing Vehicle Tagging System. This 
program had jointly developed a 

topic areas, the project was divid- tag for flee- 
ed into the following activities: ing vehicles such that law enforce- 

The INEL needed an RF track- 

Within the three research 

Determine the needs of each 
system based on current INEL 
Sensor Products and Agricul- 
tural programs capture plans. 

Research the state-of-the-art 
products available which have 
the potential of meeting the 
INEL program needs. 

Select a system or assemble a 
system which best fits the 
INEL program needs. 

Demonstrate functionality of 
the system for its intended 
INEL use. Test the system per 
the initial needs and specifica- 
tions. 

Make the system available to 
support INEL programs and 
missions as identified during 
the needs definition phase. 

The above objectives were met 
as stated. 

Currently, software is being 
developed to integrate this system 
into the pilot potato harvest sys- 
tem that will be used in the fall of 
1995. Based on the results, the 
system could be developed into an 
integral part of the SST4AG 
program. 

New m Increased Technical Cavabilities 

ment personnel could avoid dan- 
gerous high speed pursuits. How- 
ever, the tag electronics were very 
weak in providing exact vehicle 
location and range. This project 
has solved this weak link for MJ 
and other covert tagging and 
tracking applications. In addition, 
the system can be applied to many 
agricultural applications. 

The Blue Ribbon Task Force 
formed by the National Livestock 
and Meat Board identified nine 
segments of the meat production 
chain from preharvest through 
consumption. Each segment has 
the common need to trace prod- 
ucts back to their previous pro- 
duction step; ultimately achieving 
end product trace back to the live 
animal and growth/nutrition/ 
genetics environment. The INEL, 
in partnership with Miragen and 
potential future research with 
Arthur D. Little, Inc., now has the 
biotechnology to accomplish full 
trace back. 

Business Development Opporfunities 
As stated, the INEL has estab- 

lished two CRADAs with Mira- 
gen, Inc., to further develop and 
refine the AbP technology for 
meat packing applications. 

Recently, at the Sensors Expo- 
95 in Chicago (9/11-14/95), the 
INEL initiated a relationship with 
Arthur D. Little, Inc., to assist in 
developing the biosensors 
required for beef grading and 
trace-back. 

Lockheed Idaho lnvention Disclo- 
sures: 

Antigen Detection System via 
Surface Plasmon Resonance 
Intensity Control System, Dr. 
Thomas Unger, Gary C. 
Bergeson, Dr. John L. Morri- 
son, June 5,1995. 

Fiber Optic Plasmon Reso- 
nance Sensor, Dr. John L. 
Morrison, September 11,1995. 
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Antibody/Antigen Volume, ther development to market, which 
Plasmon Sensor, Dr. John L. 
Morrison, September 11,1995 

Antigen Filtration System, Dr. 
John L. Morrison, September 
11, 1995. 

can occur in the next phase. 

INEL Multimedia 
Object Database 

LDRD 4952 

Objectives 
The Fy95 LDRD proposal was 

intended to be the first phase of a 
multi-year proposal/research 
effort. 

K. W. Derr 

This project is developing a pro- 
towpe application using object tech- 
nology, specifically an object-oriented 
database (ODBMS), to provide 
access to islands of information at the 
INEL. Ideally, the information should 
be accessible over the Internet. 

Generally, it is the need of appli- 
cations to support the manipulation of 
complex data that instigates the use 
of an ODBMS. Prototype develop- 
ment first required selecting an 
appropriate problem domain area and 
then developing an object technology 
solution to address that problem 
domain. The problem domain select- 
ed was resource management 
because this domain provided us with 
opportunities to potentially connect to 
legacy databases, demonstrate the 
use of an ODBMS to represent com- 
plex data relationships, and capture 
multimedia objects (i. e., full-motion 
video, audio, and images). An archi- 
tecture has been established that 
would allow us to access the informa- 
tion contained in the object database 
from a ubiquitous browser such as 
Netscape. 

from this project is that we explore 
the use of object technology to 
address a general information access 
problem faced by all major corpora- 
tions and government laboratories 
today. This exploration has resulted 
in the INEL beginning to learn how to 
apply object technology to reduce the 
cosf of developing and maintaining 
software applications over their life 
cycle. An initial prototype application 
has been developed that requires fur- 

The benefit to the INEL resulting 

* 

Develop a prototype product 
for accessing and managing 
multimedia objects. 

Perform an analysis of the 
object-oriented database 
(ODBMS) marketplace. 

Build a skill set in the ODBMS 
technology. 

Develop a paradigm for solv- 
ing existing storage and access 
problems. 

Perform a market search with 
the assistance of ORTA to 
determine the probability of 
success for transferring or 
licensing the product to 
industry. 

Accomplishments 

brought in house to discuss and 
demonstrate their products. One 
ODBMS vendor was selected and 
the procurement was issued. The 
procurement was delayed for 
approximately 6 to 8 weeks owing 
to indemnification issues. 

No alliances were formed 
with universities or industry. This 
project did not start until March, 
and then only on a part-time basis, 
and time was insufficient to initi- 
ate alliances with universities or 
ODBMS vendors. However, con- 
versations with the University of 
Idaho and industry did occur con- 
cerning technical collaborations. 
Collaborations are expected to 
occur in the FY-96 phase of the 
project. 

A set of criteria was first 
established to evaluate potential 
problem domain areas and to 

Several ODBMS vendors were 

facilitate selecting a particular 
problem domain area. Several 
potential areas were identified, 
and one was selected based on the 
evaluation criteria. 

The first step in developing an 
object-oriented application that 
addresses the selected problem 
domain is to understand the 
requirements by developing a 
real-world model of the problem 
domain. Developing the analysis 
model involved determining the 
use cases or patterns of usage for 
the system, iden-g the poten- 
tial actors/entities that would 
interact with the system, and con- 
ducting a domain analysis. This 
model was developed and 
reviewed with potential users to 
ensure that the problem domain 
was well understood and repre- 
sented a solution with which the 
users agree. Additional details 
were added to the analysis model 
to address how to solve the prob- 
lem, forming the basis for the 
design model. The design model 
represents how the solution will 
be implemented to address the 
specific problem. Multimedia 
objects and capabilities were 
designed into the program; i.e., 
the ability to play full-motion 
video files and audio files, and to 
display images. 

The basic design model was 
implemented using object-oriented 
programming techniques. The first 
prototype developed was a stand- 
alone application. Upon invoca- 
tion, this prototype assembled 
objects by reading data from files. 
The objects were disassembled 
and written back out to files upon 
exiting the program. This proto- 
type has been demonstrated to 
management and members of the 
user community who helped with 
identifymg initial requirements. A 
second prototype is now under 
development that integrates the 
application with the object-oriented 
database. 
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Our goal was to present a 
paper at the INEL Computing 
Symposium this year. The sym- 
posium has been canceled and no 
paper was written. 

New or Increased Technical Capability 
As a result of this project, the 

INEL has gained experience with 
multimedia technologies, object 
database, and object-oriented pro- 
gramming technologies. This 
environment was found to pro- 
vide true binary portability across 
multiple platforms (PC, Macin- 
tosh, UNIX) without any recom- 
piling or reprogramming effort. 

Business Development Opportunities 
A basic prototype of an auto- 

mated resource management sys- 
tem has been developed. The 
capabilities offered by this type of 
system are needed in any sizable 
company that runs multiple pro- 
jects; i.e., tracking projects, people, 
job requirements, and matching 
resources to job requirements. 

General User Interface 
Development Environment 

LDRD 4953 

A. E. Egger 

A Graphical User Interface 
Development Environment (GUIDE) 
includes software tools to implement 
Graphical User Interfaces (GUIs) for 
any hardware platform and includes a 
repository of information to assist 
software developers in implementing 
GUls. The goal of the project is to 
establish the environment and then to 
demonstrate its effectiveness with 
sample projects. 

We surveyed INEL GUI develop- 
ers as part of gathering requirements, 
surveyed the market for tools, and, 
based on preliminary evaluations, 
recommended software tools for pur- 
chase. However, the recommenda- 
tion was made several months 
behind schedule, and owing due to 

manpower shortages the requisitions 
for these tools were canceled as part 
of a company-wide LDRD spending 
freeze. 

Sample projects were performed 
with tools already in-house. Human 
Factors staff interacted with software 
staff during implementation and 
developed a questionnaire to use in 
interviewing the software staff about 
the tools. 

The written deliverables for this 
project include a summary of the 
developer survey, tool evaluations, 
recommendations for purchasing 
books and journals, a description of 
the tool survey that led to recommen- 
dations, and the tool evaluation ques- 
tionnaire. Copies of these documents 
are available from the principal inves- 
tigator. 

On-line access to the GUIDE 
repository and the project results is 
available via the Advanced Computer 
Interface Products department inter- 
nal World- Wide Web (WWW) page. 

Objectives 
Survey INEL GUI developers. 

Survey marketplace for GUI 
development tools. 

Evaluate tools and end 
products. 

Gather information useful to 
GUI developers (bibliography, 
book list, journal list, vendor 
list, related URLs). 

Report LDRD results via a 
Web page internal to the 
INEL. 

Accomplishments 

what GUI developers at the INEL 
are doing and what they want in 
relation to GUI tools and support. 
The survey revealed that many 
GUI developers are isolated from 
their colleagues but would like a 
way to share information and 
interact with other GUI develop- 
ers. Using the responses to the 
developer survey and recommen- 
dations from ACE' personnel, we 

We conducted a survey asking 

established requirements for 
desired GUI development tools. 

We started surveying the mar- 
ket by purchasing the report 
Ovum Evaluates: GUI Builders by 
Ovum Ltd. Based on the vendors 
listed in his report, we requested 
information on over 100 products. 
We continued the survey by 
browsing related World Wide 
Web (WWW) pages, Usenet news- 
groups, and Internet Frequently 
Asked Questions documents 
(FAQs). From this information we 
identified promising tools for fur- 
ther investigation. 

We acquired and evaluated 
available tool demonstrations, and 
then technically evaluated seven 
tools. Each of the seven technical 
evaluations was followed by a 
human factors evaluation. We 
used the results of these evalua- 
tions to recommend GUI develop- 
ment tools for purchase. 

The Human Factors staff on 
the project developed a question- 
naire for interviewing the devel- 
opers after the developers techni- 
c d y  evaluated a tool. An interview 
conducted with a questionnaire 
generates a thorough evaluation 
of a tool. This evaluation can be 
readily compared to similar evalu- 
ations of other tools. We recom- 
mend the questionnaire for gener- 
ating future tool evaluations and 
that it be used to interview a 
developer rather than having the 
developer answer the questions 
alone. An interviewer can encour- 
age fully explained answers. 

One Human Factors specialist 
reviewed three real GUIs, and a 
clear pattern emerged from these 
reviews. The specialist helped 
guide the appropriate use of color. 
He also was sensitive to propor- 
tions and patterns, especially 
those that cause stress to the eyes. 
The specialist advocated on-line 
context-sensitive help and end- 
user confirmation for any act that 
could cause loss of data. The most 
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important lesson learned is that Business Development Opportunities 
software developers and human 
factors specialists must talk in 
terms of root problems, not in 
terms of implementation. 

we discovered the need for an 
on-line GUIDE repository to keep 
from repeatedly gathering the 
same material. W W  technology 
offered us an implementation 
solution. The ACIP page, internal 
to the INEL, was constructed to 
improve project collaboration, 
provide an on-line version of the 
GUIDE repository, and provide 
on-line access to all GUIDE LDRD 
results. 

New or Increased Technical Capability 
As a result of the research 

into the tools available for devel- 
oping GUS, it is apparent that no 

translator exists. Also, none of the 
available platform independent 
GUI (PIGUI) development tools 
are particularly easy to learn. But 
two of the better tools were identi- 
fied and recommended for 
purchase: 

As we gathered information, 

X-Windows to MS-Windows 

Zinc from Zinc Software Inc., 
a PIGUI tool with a moderate 
learning curve. 

ware, a tool for developing 
X/Motif applications and then 
hosting the applications on 
both UNIX systems and per- 
sonal computers (PCs). 

INEL software engineers 
involved with waste management 
have indicated that future software 
work in this area will be multi- 
platform and client/server based. 
Users will access applications 
most often from Macintoshes and 
PCs. For developing applications 
of this sort, we recommend inves- 
tigating a tool like SNAP from 
Template Software, Inc. SNAP is a 
total software development envi- 
ronment for creating distributed 
multi-platform applications. 

TeleUSE from Thomson Soft- 

. .  

A number of internal people 
and organizations have expressed 
interest in using the results from 
this project. They include Lynn 
Dean (principal investigator of the 
Mediator LDRD), the documenta- 
tion unit in Information Resource 
Management, the Environmental 
Management Integration organiza- 
tion, and Gus Caffrey in the 
Nuclear and Radiological Physics 
unit. 

Intelligent Data Access and 
Retrieval System 

LDRD 4954 

R. K. Fink 

The objective of this research 
project is to develop an approach for 
retrieving multimedia, object data 
from a distributed, object, database 
environment via an intelligent, adap- 
tive, human interface. The basic 
technology that will be applied to this 
problem will be case-based reason- 
ing (CBR). Case-based reasoning 
has evolved over the past ten years 
as a key artificial intelligence tech- 
nique for building intelligent systems. 
Unlike rule-based systems, which 
require sets of specific rules that are 
chained through sequentially, case- 
based systems contain sets of cases, 
or exemplars, which are addressed 
by selected indices. These cases 
represent a set of circumstances, or 
criteria, and a solution, or result. The 
indices can be used to select cases 
in an efficient fashion. In addition, a 
similarity measure can be used to 
indicate closeness of fit. When case- 
based reasoning is used for database 
retrieval, the approach permits fuzzy 
searching, which produces inexact, 
but qualified, matches. Research 
conducted by the Lockheed Palo Alto 
laboratory has shown case-based 
reasoning to be an effective tool for 
building database retrieval systems. 
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Objectives 
Recruit a principal investigator. 

Perform an assessment of CBR 
development tools and select 
one. 

Prototype a product for 
accessing and retrieving data 
from a multimedia database. 

Demonstrate the utility of the 
prototype in an INEL problem 
domain. 

Perform a market search to 
determine probability of suc- 
cess for transferring or licens- 
ing the product to industry. 

Accomplishments 
With technical assistance from 

Mr. Ralph Barletta, an internation- 
ally recognized expert in case- 
based reasoning applications 
development, a team of four engi- 
neers and computer scientists 
were trained in the use of case- 
based reasoning technology. An 
introductory seminar on case- 
based reasoning technology was 
attended by approximately twenty 
people from the LITCO software 
engineering organization. 

domains were selected for devel- 
opment of initial prototypes. 
These domains were: (1) Analysis 
of Site-Specific Agriculture data, 
(2) Personnel skills matching, (3) 
Robotics control architecture, and 
(4) Portal monitoring for weapons 
detection. As of mid-September, 
prototypes were successfully 
demonstrated for the first two 
domains, and development was in 
progress for the robotics control 
prototype. The portal monitoring 
prototype was deferred due to 
unavailability of data from the 
project developing the monitoring 
system. 

A prototype system for analy- 
sis and use of site-specific agricul- 
ture data was developed, and an 
Invention Disclosure Record (LIT- 

Four INEL application 
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PI-167) was filed for this method- 
ology. The prototype uses a com- 
bination of inductive classification 
and CBR techniques to identify 
significant patterns in crop yield 
data and make appropriate recom- 
mendations to increase crop yield. 
I'he Site-Specific Technology for 
Agriculture (SST4Ag) Project pro- 
vided a test data set for analysis 
purposes; live data will not be 
available until later in calendar 
year 1995 (after field harvest is 
complete). The prototype was 
reviewed and well received by the 
SST4Ag project manager. 

The personnel skills matching 
prototype uses detailed employee 
skills information for the Software 
and Electronics home organization 
(in the Chief Engineer's direc- 
torate) to provide a rank-ordered 
matching of employees best suited 
to fill a particular project assign- 
ment. The employee skills infor- 
mation is maintained in a relation- 
al database, and case-based 
retrieval techniques are used to 
provide nearest-neighbor weigh- 
ing against a query for a desired 
skill set. A modification of the 
standard nearest-neighbor algo- 
rithms for list matching was 
developed to address shortcom- 
ings in these algorithms for this 
particular application. The struc- 
ture of the skills data is hierarchi- 
cal, many-to-one (each employee 
has many skills) rather than a sin- 
gle, flat record for each employee. 
Successfully working with this 
type of case structure, in an exter- 
nal database rather than within a 
CBR development tool's internal 
database, represents a siphcant 
and useful advance in capabilities 
for this technology. The demon- 
stration prototype has been enthu- 
siastically received by Software 
and Electronics management per- 
sonnel. 

N m  or Increased Technical Capabilities 
We have developed a staff 

capability trained and experienced 

in the use of case-based reasoning 
technology. 

The CBR analysis of site-spe- 
cific agriculture data has created 
the ability to analyze data in a 
manner that complements tradi- 
tional statistical methods and is 
ideally suited to the identification 
of conceptually important patterns 
that are typically difficult to dis- 
cern in a statistical model. 

prototype represents a highly use- 
ful decision support tool for 
resource management. We intend 
to continue development of this 
capability, performing integration 
into a multimedia object database 
environment in FY-96. The inte- 
gration of CBR with relational 
databases is an important technol- 
ogy step. 

The personnel skills selection 

Business Development Opportunities 
The technology represented in 

the case-based reasoning for site- 
specific agriculture represents a 
sigruficant potential area of busi- 
ness. Pending DOE'S completion 
of the Invention Disclosure Record 
review, the details of this technol- 
ogy have not been discussed with 
outside organizations. We expect 
that this will result in siphcant 
CRADA and/or licensing oppor- 
tunities. 

The capabilities demonstrated 
in the personnel skills selection 
prototype are directly relevant for 
management in other corpora- 
tions, and could also be used with 
little or no modification by 
employment agencies and similar 
operations. With appropriate 
modifications, this technology 
would also be useful as a match- 
maker, or information broker, for 
subcontracting skilled employees, 
consulting organizations, or com- 
ponent suppliers. We have had 
one meeting with General Motors 
Manufacturing Information Ser- 
vices representatives in which this 
technology has been discussed; 
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they expressed interest in further 
information and potential collabo- 
rative development. 

C++ Sage 
LDRD 4955 

A. E. Egger 

SAGE is an INEUUS govern- 
ment-owned software technology that 
allows software developers using 
Ada and Modula-2 to build applica- 
tions rapidly. SAGE also provides a 
high-performance database engine. 
SAGE has been available in DOS 
and UNIX text versions. 

The C++ SAGE LDRD provided 
funding to build a C and C++ inter- 
face to the existing SAGE Modula-2 
Dynamic Link Libraries (DLLs) for 
programs targeting WIN32 (Microsoft 
Windows NTAntel) and written in C or 
C++. Documentation on using these 
libraries is provided in the form of an 
on-line Windows help system. 
Included in the scope of this LDRD 
has been a development effort for the 
Low-Level Radioactive Waste Tracking 
System written in C++. 

Objectives 
Design an ANSI C interface to 
SAGE. 

Design a C++ interface to 
SAGE. 

Implement/test the ANSI C 
interface. 

Implement and test the C++ 
interface. 

Develop a Windows help 
system. 

Conduct a joint development 
effort using CSAGE++. 

Accomplishments 
SAGE is an existing, INEL- 

owned, software development 
technology that allows rapid 
development of software systems. 
Prior to this LDRD, users of SAGE 
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technology were limited to soft- 
ware developers using the 
Modula-2 or Ada programming 
languages. The purpose of this 
LDRD was to broaden the scope 
and availability of SAGE to C and 
C++ developers. In addition, the 
target operating system for the 
SAGE development system was 
Windows NT or Windows 95. 
This effort has been very success- 
ful, and the new CSAGE and 
CSAGE++ tools are being used 
within the INEL for Windows 
software development. This new 
technology allows developers of 
information systems, and engi- 
neering and scientific applications 
to use the INEL-owned and main- 
tained tools in four different lan- 
guages, instead of only two. It 
also allows C/C++ developers to 
benefit from the black-box, reuse 
technology that SAGE offers. 

New or Increased Technical Capabilities 
The CSAGE/CSAGE++ prod- 

ucts allow rapid application devel- 
opment under Windows, and they 
allow application developers at 
the INEL to develop software that 
requires no licensing fee or royalty. 
This LDRD has shown the benefit 
of using Windows, 32-bit Dynamic 
Link Libraries (DLLs) to provide a 
cross language development solu- 
tion. In addition it has provided 
invaluable training for INEL soft- 
ware developers in C/C++ and 
Windows development 

Business Development Opportunities 
Current PC Software tool ven- 

dors (such as Borland and 
Microsoft) are starting to market 
the idea of a callable database 
engine that is bundled with devel- 
opment tools. There is also a large 
market in low- or no-cost database 
solutions. Market analysis to 
determine the feasibility of com- 
mercializing CSAGE/CSAGE++ in 
these areas is currently under 
way. 

Fractional Frame 
Augmentation 

LDRD 4956 

P. R. Schweider, D. G. Larsen 

This research project is intended to 
develop an approach for incorporat- 
ing video/audio data transmissions 
into existing computer network com- 
munications topologies (primarily eth- 
ernet) thus allowing video teleconfer- 
encing over installed network cable 
plants. Although there are commer- 
cial systems available, they have two 
inherent problems: (1) data flow 
rates are not adequate to prevent 
video/audio distorfion and (2) irregu- 
larities caused by contention with 
other data packets on the network 
cause choppy or broke images and 
sounds. Initial research conducted 
by the INEL has indicated that by 
using standard data compression 
techniques and current network pro- 
tocols (TCP/lP), it should be possible 
to increase data flow rates to accept- 
able levels. The thrust of this project 
will be to continue to increase data 
flow rates to acceptably smooth the 
flow of data to the screen and speak- 
er thereby avoiding the choppy or 
broken transmissions. The results of 
this LDRD will provide areas for the 
INEL to develop relationships with 
commercial industry for new or 
enhanced video teleconferencing 
products. 

Objectives 
Develop a software algorithm 
to create stamping of frag- 
mented data. 

Create a technique for corre- 
lated insertion of changes into 
existing video frames 

and evaluate data compressions 

0 

Optimize data transmission 

Accomplishments 
Early in the project it was 

determined that it would not be 
possible to use local area network 
(LAN) protocols and standard 

compressions techniques to 
achieve the data transmission 
integrity and speed to accomplish 
the goals of this project. The pro- 
ject was shut down at that time. 

Development of 
Prompt Gamma Assay 
Method for Mining of 

Phosphate Ore 
LDRD 5201 

J. W. Mandler, S. J. Losinski 

In a single year, this LDRD pro- 
gressed from a fundamental idea, to 
a laboratory proof-of-principle test, to 
prototype instrumentation, and to a 
field demonstration, with such suc- 
cess that licensing/CRADA negotia- 
tions with industry are currently in 
progress. In order to enhance cost 
effectiveness and competitiveness, 
the phosphate mining industry needs 
improved methods and instruments 
for more accurately locating ore beds 
and boundaries at a dig surface and 
for rapid assay of phosphate ore in 
the field and at various locations in 
process streams. The objective of 
this project was to investigate the use 
of nuclear techniques (e.g., prompt 
gamma-ray neutron activation analy- 
sis (PGNAA) and gross gamma scan- 
ning) as rapid assay and ore bed 
locating methods. Laboratory 
research on phosphate ore resulted 
in the development of critical mea- 
surement parameters required to 
adapt the nuclear techniques to the 
needs of the phosphate mining indus- 
try. The laboratory experiments also 
indicated that application of these 
techniques to the phosphate mining 
industry is feasible. A field demon- 
stration carried out at a phosphate 
mine showed that: (a) gross gamma 
scanning can be used to rapidly and 
accurately locate ore beds and ore 
bed boundaries, even in highly 
altered regions where visual methods 
fail, and (b) PGNAA can be used in 
the field to assay for phosphorus and 
other elements of interest. 
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Objectives 
The overall objective of this 

LDRD was to investigate the 
potential of using nuclear tech- 
niques (PGNAA and gross gamma 
scanning) to meet the assay needs 
of the phosphate mining industry. 

0 

0 

0 

0 

Pursue patent applications for 
use of PGNM to assay for 
phosphorus and other ele- 
ments of interest to the phos- 
phate mining industry and for 
the use of gross gamma scan- 
ning for accurately determin- 
ing ore beds and ore bed 
boundaries at the dig face. 

Determine experimental para- 
meters required to adapt both 
techniques to meet the needs 
of the phosphate mining 
industry. 

Determine quantitative assay 
capabilities of PGNAA for 
phosphorus and selected other 
elements of interest. 

Demonstrate the two techniques 
at a phosphate mining site. 

1266 KeV P(n, n") intensity 
sample set #1 

I 

New or Increased Technical Capabilities 
All technical objectives of this 

LDRD were successfully accom- 
plished during FY-95. Laboratory 
research to investigate the feasibil- 
ity of PGNM and gross gamma 
scanning was performed at the 
INEL using phosphate ore sam- 
ples obtained from FMC's Dry 
Valley Mine, located near Soda 
Springs, Idaho. Results were very 
positive and indicated that 
PGNAA can detect phosphorus 
and other elements of interest. 
Furthermore, correlations between 
gamma intensity and phosphate 
concentration (see the figure 
below for PGNAA results) indicat- 
ed that PGNAA can be used for 
quantitative analysis. Preliminary 
values for experimental parame- 
ters (e.g., gamma energy regions, 
detector type and size, neutron 
source strength, count time) 
required to adapt both techniques 
to meet the needs of the phos- 
phate mining industry were deter- 
mined. A prototype gross gamma 
scanner was built and tested. 

0.8 I I I 

€ 
0.8 - - 

h 

ln Q 0 

a, 
v - 0.8 - - 9 
d-4 c 
3 s 

0.8 - - 

I 

I 

I 
I 

0 10 20 30 40 
P205 content (% dry) M96 0060 

Correlation between PGNAA Count Rate and Phosphate Concentration 

193 

A field demonstration at the 
Dry Valley phosphate mine was 
carried out to demonstrate feasi- 
bility of the techniques at an actu- 
al phosphate mine. The gross 
gamma scanning technique was 
shown to be able to rapidly and 
accurately locate ore beds and ore 
bed boundaries at the surface of a 
dig site and to be able to accom- 
plish this even in ore regions 
where visual methods fail. 
PGNAA was shown to be able to 
detect phosphorus, calcium, sili- 
con, hydrogen, and trace elements 
of interest. A good correlation 
between gamma-ray intensity and 
phosphate concentration was 
obtained, indicating that PGNAA 
can be used at a mine to assay for 
phosphorus. Mine personnel 
found the field demonstration 
data enlightening because the data 
gave them information that was 
previously unavailable to them. 

Intellectual property disclo- 
sures were submitted in pursuit of 
patents for use of PGNAA to 
assay for phosphorus and other 
elements of interest to the phos- 
phate mining industry and for the 
use of gross gamma scanning for 
accurately determining ore beds 
and ore bed boundaries. 

New or Increased Technical Capabilities 
The research performed on 

this LDRD has demonstrated that 
the INEX can rapidly respond to 
the needs of industry and develop 
methods and instruments that are 
relevant to the current and future 
needs of industry. The work has 
resulted in the expansion of the 
areas in which the two nuclear 
techniques (PGNAA and gross 
gamma scanning) can be applied 
and has demonstrated that these 
two techniques can be used suc- 
cessfully at mines and can give 
information important to mine 
operations. In addition, the work 
has expanded the INEL's capabili- 
ty of using PGNAA as a quantita- 
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tive tool and has shown that 
PGNAA is potentially capable of 
use in industrial process control. 

Business Development Opportunities 
As a result of this LDRD, sev- 

eral new business opportunities 
have evolved. FMC analyses have 
indicated potential multi-million 
dollar benefits associated with 
implementation of these tech- 
niques. Furthermore, applications 
outside of the phosphate mining 
industry also have significant 
business development potential. 
These include statistical process 
control, environmental monitor- 
ing, and material characterization. 
FMC's interest in both the 
PGNAA and gross gamma scan 
techniques have resulted in pre- 
liminary negotiations between 
FMC personnel (R. Conroy, man- 
ager of the Dry Valley Mine, and 
T. Fekete, director of technology 
for the Phosphate Chemicals Divi- 
sion), a Lockheed Idaho TTO rep- 
resentative (J. Alexander), and 
Lockheed Idaho research person- 
nel (J. Mandler and s. Losinski) 
concerning potential business rela- 
tionships. As of the date of this 
report, negotiations are in 
progress to determine the nature 
of this business relationship. 

Develop Intelligent Farm 
Management System 
Database Prototype 

LDRD 5204 

R. L. Hoskinson, K. C. Mousseau 

The objective of this LDRD was 
to research existing statistical, linear 
programming, and artificial intelli- 
gence systems, and to develop the 
interfaces between them and a Geo- 
graphic Information System (GIs), 
and between the GIS and the rela- 
tional database. The benefit of this 
effort is in developing the core com- 
petency in the technology necessary 

to interface the modules of the Infor- 
mation Management System for 
Agriculture (lMS4Ag). 

Objectives 

has been formed with the GIs 
company within the overall 
SST4Ag project. 

Research present linear pro- 
gramming and relational data- 
base management systems 
software. 

Develop the relational data- 
base to store historical 
information. 

Research and develop an 
interface between the linear 
system and the Yield Mapping 
GIS model. 

Research and develop an 
interface between GIs and the 
relational database. 

Accomplishments 
The IMS4Ag prototype has 

been successfully developed and 
demonstrated. This system has 
interfaces allowing integration of 
relational database information 
with spatial database information 
from the GIs. Additional input 
system forms have been devel- 
oped to provide for data input 
and management of non-spatial 
data. 

The IMS4Ag will continue to 
be developed; it is the information 
management system for the Site- 
Specific Technologies for Agricul- 
ture (SST4Ag) project. 

New or Increased Technical Capabilities 
This prototype has given the 

INEL's SST4Ag project a leader- 
ship position in site-specific farm- 
ing technologies development. 

Business Development Opportunities 
This IMs4Ag has the potential 

to become a useful tool to major 
agricultural companies that are 
moving towards site-specific farm- 
ing service and support for farm- 
ers and, therefore, has a potential 
for spinoff or licensing. A CRADA 

Measurement of 
Potato Water 

Content 
LDRD 5306 

G. L. Hawkes 

The objective of this project was 
to develop and demonstrate in the 
laboratory an inexpensive, easy to 
use, and portable sensor for rapid 
measurement of water content in 
freshly dug field samples of potatoes. 
It is well known that the tuber dehy- 
dration level is the major determinant 
in the kind of bruising that may occur 
in potato handling. Bruising is the 
most important factor in lowering the 
quality of fresh potatoes and increas- 
ing rot in potato storage. This tech- 
nology may be used during the grow- 
ing season, or at potato harvest time, 
to select the best conditions, or with 
additional irrigation techniques, 
improve the potato moisture condi- 
tions. Several potential techniques 
for sensor development were ana- 
lyzed for their merits and weakness- 
es. In future work, the sensor output 
response will be converted to a user- 
friendly and understandable display 
of optimum moisture using pasdfail 
indicators, or scale, depending on 
industry requirements. Producers 
such as private and corporate farm- 
ers, state extension services, consul- 
tants, and irrigation technology 
companies are but a few potential 
industry partners. 

Objectives 
The objective of this M-95 

LDRD project is to develop the 
technology and conduct a labora- 
tory demonstration of an inexpen- 
sive, fieldable sensor for the rapid 
measurement of water content in 
potatoes. Several potential tech- 
niques for the sensor development 
were analyzed for their merits and 
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weaknesses. Another objective of 
this effort is to maintain simplicity 
and ease of use in the sensor 
design. Sensor cost must remain 
below approximately one to two 
thousand dollars, and it will oper- 
ate from a small battery supply 
with user-friendly controls and 
read-out display. Several ideas, 
along with those generated by 
outside published papers on 
dielectric and moisture measure- 
ments, were considered. 
0 

0 

0 

0 

0 

0 

0 

Closely evaluate current tech- 
niques in dielectric, soil, and 
grain moisture measurements, 
and identify any existing tech- 
nology that will facilitate the 
conceptual design of the pota- 
to moisture sensor. 

Develop a conceptual design 
of the moisture sensor. 

Design and fabricate a labora- 
tory experimental apparatus 
following the conceptual 
design. 

Test and evaluate the labora- 
tory apparatus. Compare the 
experimental apparatus data 
with data measured by labora- 
tory instrumentation tech- 
niques. 

Test and evaluate the final 
experimental design. 

Demonstrate the experimental 
design. 

Identify potential industry 
partners for technology trans- 
fer and initiate contacts. 

Accomplishments 
Several ideas have been con- 

sidered for developing a fieldable 
and inexpensive sensor for mea- 
suring the water content of pota- 
toes. Various techniques currently 
used for measuring complex per- 
mittivity were evaluated to deter- 
mine their merits in terms of the 
objectives of this work. The litera- 

ture was searched to obtain any 
other ideas that might contribute 
sigruficantly to the project. Mois- 
ture sensors currently marketed 
and used in the agricultural indus- 
try were also surveyed. It was 
decided early-on that a sensor that 
relies upon time-varying, high- 
frequency, electromagnetic energy 
provides the greatest potential for 
success. 

capacitance between electrodes 
was tested. A temperature depen- 
dence was observed, and the 
repeatability of measurements was 
poor. Sensor probes that operate 
on the principle of capacitance, 
radiation, and resonance were 
tried. These probes were based on 
coaxial transmission line, 
microstrip, and waveguide theory. 
Potato surface contact, sample 
extraction/preparation, and sur- 
face penetration were a few of the 
concepts considered. 

After much time and effort, a 
successful test apparatus was 
designed and constructed, and a 
demonstration was performed. 
Instrumentation located in the 
NHL facility was used to collect 
data and perform the demonstra- 
tion. The demonstration consisted 
of collecting sensor data from vari- 
ous samples of potatoes. The lat- 
est samples included freshly dug 
potatoes from selected fields. The 
sensor data was not calibrated 
with actual percent-by-weight 
water content. However, steps 
were taken to provide a high 
degree of confidence in the 
observed sensitivity of the tech- 
nology to changes in water con- 
tent. Since abundant amounts of 
data will be taken, various output 
format options were considered. 
As one option, a mathematical 
model developed by Dr. James 
Reneke of Clemson University 
was used to provide a single val- 
ued numerical output which pro- 
vided a comparison to similar data 

A probe that relied upon the 

collected from water. The tech- 
nique appeared to work extremely 
well. With some modifications, 
the technology may provide an 
easy way of sending a user-friendly 
output to the operator. In order to 
protect intellectual property, the 
details of the final design, appara- 
tus, and technology description 
will not be given here. Suffice it to 
say that a demonstration of the 
laboratory-developed sensor per- 
formance was given. It was 
shown that less than one percent 
change in the water content of a 
potato sample was detectable 
using the technology in the 
laboratory. 

A patent disclosure was sub- 
mitted and other patents may be 
applied for as a result of this activity. 

New or Inereused Technical Capabilities 
This effort was extremely suc- 

cessful, providing needed infor- 
mation in order to design a proto- 
type in future work. The ability to 
sense water content has been 
demonstrated, and the conceptual 
design for a prototype has been 
partially completed. Much was 
learned about the conceptual 
design and what will be needed in 
the future in order to accomplish 
the task of a first generation proto- 
type for the sensor. 

Business Development Opportunities 
Contacts were made with 

Farmex, Milestone Inc., Simplot, 
University of Idaho, and Clemsen 
University. We met with the 
owner of Milestone, Inc., located 
in Blackfoot, Idaho. He expressed 
his desire to collaborate in a joint 
effort in future work. He would 
be willing to make a financial con- 
tribution towards the effort. How- 
ever, it must be emphasized that 
much more work needs to take 
place before this company or any 
other will be able to use the tech- 
nology. Simplot and others have 
made other favorable comments. 
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Milestone Blackfoot is waiting for 
Lockheed to initiate a CRADA 
and to provide additional devel- 
opments. A patent or multiple 
patents will definitely be applied 
for as a result of this activity 

Numerical Investigations of 
Dynamic Pressure Seals in 
Geologically Active Basins 

LDRD 5308 

G. M. Shook, J. L. Renner 

A numerical model for the forma- 
tion of an overpressured zone in 
homogeneous porous media has 
been developed. The model incorpo- 
rates various features of the concep- 
tual model provided by Conoco, but, 
has also identified relevant physical 
phenomena that support that concep- 
tual model. The significant features 
of the numerical model are: (a) a 
nonuniform heat flux at the base of 
the domain, (b) approximately con- 
stant fluid flow in the vertical direc- 
tion, (c) a methane-saturated aque- 
ous phase flowing from source rock 
into the domain, and (d) a minimum 
in methane solubility in water. As 
methane-rich brine rises (from buoy- 
ancy), gas solubility reaches a mini- 
mum, and gas exsolves from solu- 
tion. This reduces the relative per- 
meability to brine. Because of the 
constant flux condition at the bottom 
of the numerical model, a decrease in 
relative permeability results in an 
increase in the pressure gradient 
locally (the classic definition of over- 
pressure). This pressure seal is 
leaky, and brine continues to flow 
through the seal, albeit at higher 
pressures. 

Objectives 
Reproduce the original labora- 
tory experiments numerically. 
Data for this step was provided 
by Conoco. 

0 Develop a conceptual model 
from the Conoco experiments. 
Identify physical phenomena 

that would support the con- 
ceptual model at the basin 
scale. 

Develop a numerical model at 
the basin scale to determine 
the validity of the conceptual 
model at that scale. 

Accomplishments 

evidence that supported the con- 
ceptual model was found. 
Methane and C02 exhibit minima 
in solubility in water. These mim- 
ina occur at 72°C and 125". Con- 
verting these temperatures to 
depths (using typical Gulf of Mex- 
ico temperature gradients) sug- 
gests that the solubility minima 
OCCUT at 2200 m and 4080. These 
are approximate depths to known 
geopressure in the Gulf of Mexico; 

Through a literature search, 

therefore, this solubility data lends 
support for our conceptual model. 

A numerical model was devel- 
oped that included data from the 
Conoco experiments and field 
observations on geopressure in the 
Gulf of Mexico. This data includ- 
ed: gas generation taking place 
contemporaneously at depth (i.e., 
an active basin), gas-saturated 
brine moving upward due to 
buoyancy, essentially constant 
fluid flow vertically from below 
the model domain, and variable 
heat flow at depth. The model is 
shown schematically in the figure 
below. 

This model was set up and 
run for a simulated time of 750,000 
years. In the simulation, the tem- 
perature field came quickly to a 
steady state condition. The effect 
of the nonuniform heating from 

Gas exsolves from solution along an 
isotherm, and forms a partial barrier to 
flow (pressure seal). Additional gas 
generation at depth results in 
overpressured compartment. 

Shale is the continuous rock 

t t t t y  t 1 A t  t t t  
M96 0053 

Variable heat and fluid flux from below. Heat flux is 50 mWm2 on either side, 
149 mWm* in the middle of the model. Fluid flux is 
fully saturated with methane. 

in the middle. Brine is 

Conceptual Model for the Formation of a Pressure Seal in Active Basins 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



National Derived Use Technology Transfer Center 197 

below is dampened a short dis- 
tance away from the bottom of the 
domain, and temperature gradi- 
ents, while not constant, are simi- 
lar everywhere in the domain. 
This is consistent with field obser- 
vations in the Gulf of Mexico. 

As was expected from the gas 
solubility data, methane does 
exsolve along the 72°C isotherm, 
and gas saturations increase to 
about 20% by pore volume. This 
reduced the relative permeability 
to brine significantly. Because a 
constant fluid flux was imposed at 
the base of the model, this reduc- 
tion in relative permeability leads 
to a substantial increase in pres- 
sure gradient. The pressure 
profile at t=750,000 years was 
calculated. Of particular interest 
is to consider a hypothetical, 
directionally-drilled well, drilled 
above the crest of the abnormal 
pressure: depending on the direc- 
tion (and angle) the well is drilled, 
one might encounter either of two 
extremes in pressure gradient. If 
the well is drilled perpendicular to 
the pressure crest, the pressure 
gradient would exceed 40 kPa/m 
(1.75 psi/ft). If the well is drilled 
parallel to the pressure crest, a 
pressure gradient of zero would 
be encountered, even as the well is 
drilled to greater depth. 

Hypothetical vertical well 
traces were calculated. These 
traces are pressures in grid blocks 
in (a) the first column of the 
domain (the flank of the seal), 
(b) a column 2/3 the distance to 
the mid-point of the model (the 
shoulder of the seal), and (c) the 
middle column of the model (the 
crest). The maximum pressure 
gradient is on the crest of the geo- 
pressure. That pressure gradient is 
9.6 kPa/m, (1.75 psi/ft) well in 
excess of a lithostatic gradient. 
However, the pressure gradient on 
the f l d  is only slightly greater 
than hydrostatic, consistent with 
upward fluid flow. 

model developed on the basis of 
In summary, the numerical 

the Conoco conceptual model was 
shown to develop abnormal pres- 
sures. The most sigruficant feature 
of the numerical model is the 
exsolution of methane at approxi- 
mately 72°C. In response to the 
increase in gas saturation, relative 
permeability to brine decreases. 
Because of the constant flux condi- 
tion imposed, a decrease in rela- 
tive permeability results in a n  
increase in the pressure gradient. 

New or Increased Technical Capabilities 
This LDRD assisted greatly in 

obtaining funding for an ACTI 
project, and we are still in the 
process of identdymg relevant 
geopressure characteristics. Of 
most interest in the ACTI project 
is an extension of this LDRD; that 
is, to identify the mechanism for 
charging a hydrocarbon reservoir 
within the pressure seal. Our abil- 
ity to do so will greatly improve 
our ability to idenbfy geopres- 
sured resources in the Gulf of 
Mexico; thereby, reducing our 
dependence on foreign oil, and 
sigruficantly reducing the cost of 
exploration in active young basins. 

Business Development Opportunities 
Because of this LDRD, fund- 

ing for an ACTI proposal was 
obtained. The ACTI project cur- 
rently has four oil companies 
funding part of that work, as well 
as additional researchers at New 
Mexico Tech and Colorado School 
of Mines. They are Oryx Energy, 
Conoco, VASTAR, and Phillips 
Petroleum 

Evaluation of Potential 
Antimicrobial Properties o 

Malted Barley and Its 
Agricultural Applications 

LDRD 5604 

K. B. Barrett, M. A. Hamilton 

This LDRD responds to an agri- 
cultural necessity by developing a 
biological biocide used to control 

potato pathogens. This represents a 
nontraditional use of a renewable 
agricultural product such as barley to 
sustain potato production practices. 
In addition, the use of a biological 
biocide contributes to the conserva- 
tion of soil and water by minimizing 
use of chemicals before, during, and 
after potato production, improves 
crop yields, and enhances food- 
processing technologies. The pro- 
posed project involves the develop- 
ment of a barley-based product that 
can be used to confrol pathogens 
that cause considerable damage to 
potato crops. To date, there are no 
registered antibacterial agents that 
can be applied to control the detri- 
mental effects of potato pathogens. If 
the antimicrobial properfies of malted 
barley can be successfully character- 
ized and developed, storage life of 
seed potatoes or commercial pota- 
toes will be markedly improved. 

This research identifies an 
antimicrobial, barley-based product 
that can be used to control 
pathogens that cause considerable 
damage to potato crops. It is esti- 
mated that approximately $5 million 
are lost to soft rot annually in Idaho. 
Idaho produces approximately 30% 
of the gross potato crop in the United 
States; therefore, the economic 
impact is considerable. The antimi- 
crobial product could be used to pro- 
tect potatoes from the effects of soft 
rot while in storage, while being cut 
for planting, or during process opera- 
tions. This technology, to date, 
includes no credits for application to 
other agricultural crops or for devel- 
opment of related products. 

Objectives 
Evaluate the antimicrobial 
effects on a variety of potato 
pathogens such as Erwinia 
and Silver Scruff. 

Design and conduct experi- 
ments to evaluate the 
antimicrobial efficacy of 
malted ba r ley. 

Determine the effects of physi- 
cal variables such as moisture, 
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temperature, and oxygen con- 
centrations on the antimicro- 
bial properties associated with 
malted barley. 

Conduct experiments to eval- 
uate the longevity of the 
antimicrobial product with 
emphasis on the feasibility of 
commercial applications. 

Accomplishments 
Prior research conducted at 

the INEL has revealed that malted 
barley has striking antimicrobial 
properties. Experiments were 
designed, in conjunction with the 
University of Idaho Agricultural 
Extension Office, to assess the 
competence of the barley-based 
product. Several fungal strains, 
including Silver Scruff and two 
bacterial strains (Erwinia caro- 
tovora and Erwinia atoseptica) 
were evaluated. A rapid proce- 
dure for determining the degree of 
sensitivity or resistance to the 
product was used to screen the 
potato pathogens described above. 
Definitive zones of inhibition were 
characteristic for the Erwinia 
strains. The fungal cultures were 
resistant to the product. To fur- 
ther evaluate the efficacy of the 
product, in situ box tests were set 
up. Russet Burbank seed potatoes 
were cut and infected with both of 
the Erwinia strains and subse- 
quently treated with the product, 
then placed in potato boxes (12 X 
19 inches) containing 13 L of a 
special soil-compost mixture. The 
components were watered and 
moisture content measured. The 
potatoes were incubated at ambi- 
ent temperature for approximately 
four days, at which time the seed 
pieces were dug and measured for 
degree of rot. The experiment was 
set up using uninoculated controls 
and four replications of each sub- 
set. After recording the degree of 
rot, the results were analyzed sta- 

tistically; results indicate a si@- 
cant improvement (less rot) for the 
potatoes that had been treated 
with the barley-based product. 

Time constraints allowed only 
one screen to address the longevi- 
ty of the product. A previously 
prepared extract of the product 
was refrigerated at 4°C for two 
and a half weeks, at which time an 
in situ experiment similar to the 
one described above was per- 
formed. Results were statistically 
analyzed. They indicated a 
decrease in the efficacy of the 
product. More research is needed 
to optimize storage requirements 
for maintaining maximum efficacy 
of the product. 

New N Increased Technical Capabilities 

and improved the capability of 
applied biotechnology for the 
INEL. A professional working 
relationship has been established 
with the University of Idaho Agri- 
cultural Extension Office, local 
potato growers, and Bush Agricul- 
tural Resources hc., located in 
Idaho Falls, Idaho, and Fort 
Collings, Colorado. We expect 
that the INEL will be a resource 
for the agricultural communities 
in developing methods and prod- 
ucts to abate or control plant 
pathogens. 

Business Development Opportunities 

environmentally friendly biologi- 
cal biocide is the only way to con- 
trol the detrimental effects of 
pathogens in food products such 
as potatoes. A spin-off company 
could be formed to produce and 
market the developed antimicro- 
bial product. In addition, further 
development of the product could 
be funded through co-operative 
research and development agree- 
ments (CRADAs). 

This research has broadened 

The successful development of 
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Biological System for 
Organic Acid Removal with 

Minimal Effluent 
LDRD 5606 

R. S. Cherry, K. B. Barrett 

We have demonstrated, at the 
laboratory scale, a novel process for 
removing organic acids from organic 
liquids such as petroleum refinery or 
chemical plant intermediate streams. 
This process could replace the cur- 
rent once-through use of sodium 
hydroxide solutions that are now dis- 
posed of by deep-well injection. 
Because deep-well injection is likely 
to be banned in the foreseeable 
future, many chemical companies are 
seeking an alternative, but no current 
technology is fully acceptable. This 
new process uses alkaline solution to 
extract the acids; bacteria tolerant of 
this solution convert the acids to car- 
bon dioxide, allowing the solution to 
be recycled many times. The amount 
of liquid that must be purged is great- 
ly reduced, both in quantity and in dif- 
ficulty of disposal, and this process 
can be retrofit into the existing 
process equipment. 

Objectives 
Order alkalophilic bacteria 
from culture collections and 
isolate mixtures of them from 
natural samples. 

Characterize the bacteria’s 
ability to degrade mixtures of 
formic, acetic, and propionic 
acids. 

Demonstrate simulated 
closed-loop, continuous opera- 
tion extracting acids from 
hexane. 

Accomplishments 
The first effort in this research 

was to screen a variety of alka- 
lophilic bacteria for their ability to 
rapidly degrade a mixture of 
formic, acetic, and propionic 
organic acids, a mixture represen- 



National Derived Use Technology Transfer Center 199 

tative of chemical plant xidationo 
by-products. Various strains were 
aerobically cultured on acetic acid, 
a n  acid commonly metabolized by 
bacteria, to see which best tolerate 
the conditions of the extraction 
medium. A variety of species were 
tested, including several salt-tolerant 
Natronobacter species obtained 
from Professor Yuderian at the 
University of Idaho, two alka- 
lophilic species obtained from the 
American Type Culture Collec- 
tion, and a consortium of uniden- 
tified species cultured from dirt 
taken from a rhubarb patch 
(rhubarb produces large amounts 
of oxalic acid, a related small 
acid). Sulfate-reducing bacteria 
were also to be tested, but were 
decided against after realizing 
that, although they would con- 
sume acids, they would produce 
hydrogen sulfide as a noxious 
product. The rhubarb consortium 
and Bacillus alcalophilus haloduvans 
(ATCC 27557) both grew well on 
acetic acid at high pH. They were 
then weaned onto a mixture of 
3.75 g/L each formic, acetic, and 
propionic acids in a minimal salts 
medium to verify that those are 
each consumed. After brief initial 
work, the B. alcalophilus halodurans 
and the rhubarb consortium were 
mixed to produce a new consor- 
tium for all future work. 

The second stage of work was 
to grow this consortium in contin- 
uous stirred tank reactors (CSTRs) 
to measure their rates of conver- 
sion of formic, acetic, and propi- 
onic acids under various condi- 
tions. Five parallel CSTRs were 
set up and run under various con- 
ditions of temperature and resi- 
dence time. In all cases the feed 
contained 3.75 g/L of each of the 
acids, titrated to a standard high 
pH. The consortium had a broad 
temperature tolerance, growing 
best at 40°C but doing acceptably 
well at all temperatures between 

30 and 50°C. All three acids were 
degraded in parallel, with formic 
having conversions near loo%, 
acetic in the range of 50 to 90%, 
and propionic in the range of 10 to 
30%. There was some correlation 
between the conversions of the 
three acids, so if the conditions 
were good for the conversion of 
one, the other two were converted 
well also. 

The final stage of work on this 
project was to demonstrate that 
the bacterial consortium could 
operate in conditions similar to 
those of the process. Hexane sol- 
vent was loaded with formic, 
acetic, and propionic acids as a 
simulated process stream to be 
treated. Spent fermentation broth 
from one of the previous studies 
was used to extract the acids from 
the hexane in a batch operation. 
The broth was then fed to a CSTR 
to mineralize the acids. The hexa- 
ne was again loaded with acids, 
and once the extraction broth had 
been completely fed through the 
CSTR, it was used, complete with 
suspended bacteria, to extract 
more acids from the hexane. This 
was repeated five times, with no 
unusual problems with bacterial 
viability or, importantly, with for- 
mation of an emulsion in the batch 
extraction step despite the contin- 
uing presence of bacteria and the 
many possible molecules they con- 
tain that have surfactant properties. 

Overall, this work successfully 
demonstrated that this process 
concept can work and that further 
work can be justified. 

New or Inmeased Technical Capabilities 
This project has extended 

INEL's microbiological experience 
into the area of alkalophilic bacte- 
ria. Also, it has given some micro- 
biologists an introduction to the 
preliminary stages of process 
R&D, as distinct from classical 
microbiology. 

Business Development Opportunities 
Caustic washing, or extraction 

of organic acids from an organic 
stream in a chemical plant or a 
petroleum refinery into an aque- 
ous solution of sodium hydroxide, 
is a commonly used unit operation 
in these industries. (Nuclear 
materials handling does not 
require processing many organic 
liquids so this process operation is 
not found at DOE sites, despite its 
general utility and ubiquity.) The 
spent caustic is a hazardous, aque- 
ous waste of pH 12-13 containing 
1 to 3 wt% sodium hydroxide and 
the sodium salts of neutralized 
acids such as formic, acetic, and 
benzoic acids and phenol. It is 
typically disposed of by injection 
into deep-wells and constitutes a 
large fraction of the 6.6 million 
tons of hazardous waste disposed 
of this way in 1989 (National Bien- 
nial RCRA Hazardous Waste 
Report, EPA, February 1993). The 
expectation in the industry is that 
this option will not be allowed 
much longer. However, no alter- 
native ways of disposing of this 
stream, including incineration, 
plasma arc treatment, and dilution 
into existing waste treatment 
plants, look especially promising, 
either technically or economically. 
This biological process, with fur- 
ther development, should be of 
interest to these industries. 

Isolation of Gossypol 
Degrading Bacteria 

LDRD 5609 

T. E. Ward 

The goal of this project is to iso- 
late bacteria capable of degrading 
gossypol, a toxic compound present 
in cottonseeds, and eventually to 
develop a process for removing 
gossypol from cottonseed meal using 
these bacteria. Cotton is one of fhe 
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main natural-fiber inputs of the Amer- 
ican textile industry. Cotton growers 
seek to maximize their financial 
return and use as much of their plant 
crop as possible. Thus, cottonseed 
oil and an animal feed meal are pro- 
duced from cottonseeds. A limitation 
on these products is the toxic com- 
pound gossypol. Cotton growers 
seek methods to reduce or eliminate 
gossypol, either in the seeds before 
harvest, or in the processed prod- 
ucts. Gossypol-degrading microor- 
ganisms, or enzymes isolated from 
them, could be used in the processes 
of manufacturing value-added prod- 
ucts, especially cottonseed meal, 
from cottonseeds. Alternatively, and 
longer term, genes specifying 
enzymes for gossypol degradation 
could be isolated and introduced into 
cotton plants, leading to destruction 
of gossypol in the seeds. This is a 
specific goal of Cotton Incorporated. 
This research will strengthen the eco- 
nomic position of US. cotton grow- 
ers. Removal of the gossypol from 
cottonseed meal would significantly 
increase the value of this secondary 
product, which is going to be pro- 
duced anyway, and strengthen the 
growers' overall financial position. 
This work supports the Agriculture 
Initiative and the AMTEWTextiles lni- 
tiative at the INEL, and should lead to 
patentable and/or licensable technol- 
ogy and a royalty stream. 

Objectives 
Obtain environmental sam- 

ples from various sources. 

Develop assay procedures for 
gossypol-colorometric, scan- 
ning of spectra on the spec- 
trophotometer, or HPLC. 

Search for microbes able to 
use gossypol as a sole source 
of carbon and energy. 

Alternatively, identify poten- 
tial gossypol-degrading 
microbes by zones of clearing 
around colonies on plates 
containing gossypol. 

Characterize the gossypol- 
degrading activity in candi- 

National Derived Use Technology Transfer Center 

date bacteria-investigate the 
effects of variations in medi- 
um, strain, length of incuba- 
tion, presence of potential 
inducers, etc. 

Quantify gossypol remaining 
after incubation with cells 
under these various conditions. 

Accomplishments 
The first assay for gossypol 

investigated was a colorometric 
assay for phenols using the Gibb's 
reagent, 2,6-dichloroquinone-4- 
chloroimide. This yielded strong 
color development with gossypol, 
but was not specific enough, and 
reacted with a number of com- 
pounds present in microbiological 
medium. Thus, it was not suitable 
for our purposes. Extracting the 
gossypol remaining after incuba- 
tion with cells and taking the 
spectrum with a spectrophotome- 
ter showed promise. There was no 
interference from either bacterial 
medium or cells, and the height of 
the peaks did decrease under cer- 
tain conditions (as expected), but 
the spectra still represent the sum 
of all molecules present in the 
sample. This is a particular prob- 
lem when inducers are added, 
since they tend to be aromatic, 
organic molecules that are extracted 
with the gossypol and contribute 
to the UV spectrum. HPLC is the 
most definitive analysis technique, 
since it separates the sample into 
its individual components. 

The first samples containing 
potential gossypol-degrading 
microbes were obtained from a 
cottonseed oil mill where the 
material had been exposed to 
crude cottonseed oil containing 
gossypol. Microorganisms were 
isolated from these environmental 
samples and inoculated under a 
variety of conditions. We first 
searched for microbes that could 
use gossypol as a sole source of 
carbon and energy. This was 

done by incubating cells from the 
samples in both liquid and solid 
defined medium containing 
gossypol as the only source of car- 
bon and energy. Any cell that is 
able to grow under these condi- 
tions should be able to degrade 
gossypol. Unfortunately, no iso- 
lates that grew reliably under 
these conditions were ever identi- 
fied. 

taining potential gossypol 
degraders was then obtained. 
These samples came from the 
intestines of pink bollworms, 
which are insect pests able to eat 
cottonseeds containing gossypol. 
The hypothesis is that their toler- 
ance of gossypol, which is toxic to 
most insects, might be due to the 
presence of bacteria in their diges- 
tive systems that can degrade or 
otherwise inactivate gossypol. We 
also adopted an alternative strate- 
gy for searching for potential 
gossypol degrading microbes. 
This involved searching on rich, 
solid medium for colonies that 
were surrounded by zones of 
clearing of the yellow, translucent 
gossypol, which would indicate 
degradation, or at least removal, 
of the gossypol. Bacteria produc- 
ing such zones of clearing were 
identified, grown up, and used in 
quantitative gossypol degradation 
experiments, in which cells were 
incubated in growth medium with 
a defined amount of gossypol 
under various conditions. Vari- 
ables included the length of the 
incubation, various strains, vari- 
ous media, different concentra- 
tions of gossypol, and the pres- 
ence or absence of various poten- 
tial inducers (compounds that 
activate degradation genes}. The 
gossypol remaining was analyzed 
using HPLC. Under the best con- 
ditions of strain, medium, and 
inducer, up to 50% of the gossypol 
originally present could be 
degraded in a one week incuba- 

A second set of samples con- 
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tion. (See the figure below: A = 
control, no cells; B = Strain 5, no 
inducer; C = Strain 5, with induc- 
er; D = Strain 3, with inducer). 

New or Increased Technical Capabilities 

gossypol, which should benefit 
cotton growers nationwide and 
provide licensable technology for 
LITCO, have been isolated. We 
have increased our expertise in 
isolating, identifymg, and study- 
ing bacteria that can degrade com- 
plex organic molecules, and have 
developed techniques and capabil- 
ity in analyzing such molecules 
using HPLC. In addition, a stain- 
ing procedure that discriminates 
between live and dead cells, 
which was initially used on this 
project, has found very wide use 
in other projects in biotechnology. 

Business Development Opportunities 
This project supports the Agri- 

culture Initiative and the Textiles 
Initiative at the INEL, as this 
research should improve the 
financial position of cotton grow- 
ers. Extensive discussions have 
been held with Dr. Norma Trolin- 

Bacteria capable of degrading 

der of South Plains Biotechnology, 
Inc. She is interested in genetical- 
ly engineering cotton to produce 
gossypol-free seeds. Genes isolat- 
ed from one of these bacterial 
strains would be well suited for 
use in her work. Since other 
researchers at the INEL are 
already collaborating with her, we 
should also be able to collaborate 
with her on this work. Cotton 
Incorporated is also very interest- 
ed in this line of research. They 
are funding Dr. Trolinder. We 
might be able to get funding from 
them directly, or they might be 
able to influence AMTEX to pro- 
vide funds to us. 

System for 
Growing Conifer Embryos 

LDRD 561 5 

R. S. Cherry 

This project continued the devel- 
opment of an automated system for 
culturing plant embryos into plantable 
seeds or seedlings. INEL worked 
cooperatively with Weyerhaeuser 
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Degradation of Gossypol 

Company to do Douglas fir embryos, 
though the technology will be broadly 
applicable. The approach was to 
build a computer-controlled, bioreactor 
system to supply the embryos with 
the nutrient and hormonal signals 
they need for normal development, 
Two devices were built: one for sus- 
pension culture of embryos, the other 
for the later plating stage when the 
embryos grow only if not immersed. 
The result of this work will be a 
device and procedure that can be 
applied to many other plant species, 
either as a development tool for 
cloning better strains or as a produc- 
tion tool for reproducing large quanti- 
ties of plants such as Douglas fir. 

Objectives 
Develop a bioreactor system 
that incorporates Weyer- 
haeuser's operating conditions 
and allows the time-dependent 
adjustment of nutrient and 
hormone levels to control the 
development of early-stage 
embryos in suspension 
culture. 

Develop a second bioreactor 
with similar capabilities, but 
this one will be for growing 
early-stage embryos on a solid 
surface to form fully differen- 
tiated, mature embryos capa- 
ble of germination. 

Deliver both bioreactors to 
Weyerhaeuser for testing over 
the next 1 to 2 years. 

New or Increased Technical Capabilities 
To improve the culture system 

over that built in the last year for 
use with wheat at Utah State Uni- 
versity, we designed and tested an 
electrolytic approach for control- 
ling pH in the system. One inert, 
gold electrode is placed in the 
growth chamber, the other in an 
external tank connected to the 
chamber by a salt bridge. By pass- 
ing a current through the elec- 
trodes, water in the growth medi- 
um is electrolyzed to form 
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hydroxide ions at one electrode 
and protons at the other. These 
ions respectively raise and lower 
pH, so by adjusting which way 
and how often current flows, the 
pH in the embryo chamber can be 
controlled without the addition of 
external fluids. 

The first major accomplish- 
ment was to build a bioreactor 
system for suspension cultures 
that will automatically adjust the 
physical conditions and the nutrient 
and hormone concentrations on a 
predetermined schedule to mimic 
the changing hormonal environ- 
ment of an embryo in ovulo. This 
bioreactor system has four stirred 
culture vessels of 500-ml volume 
each, with dissolved oxygen, pH, 
and hormone addition control on 
each one. A single computer will 
control them and collect and log 
operating data. These vessels were 
custom fabricated by a glassware 
vendor (Bellco) 

The second task was to build 
another bioreactor to grow the 
second stage embryos to maturity. 
These embryos are 2 to 3-mm 
cubes of tissue that grow on plates 
in an environment where the hor- 
mone concentrations are quite 
dynamic. The development of 
this chamber required greater 
interaction with Weyerhaeuser to 
understand the particular condi- 
tions that Douglas fir embryos 
require to grow well. We have 
incorporated some of their meth- 
ods into this device, so it will be 
able to better implement the pro- 
cedures that are known to work 
well. 

N m  or Increased Technical Capabilities 
Working with Weyerhaeuser 

has provided the Biotechnology 
group at INEL with greater expe- 
rience in what is required to suc- 
cessfully grow plant embryos. 
This experience will be useful, as 
this device is applied to other 
crops such as wheat, cotton, etc 

Business Development Opportunities 
During this year we began 

CRADA negotiations with Weyer- 
haeuser, but ultimately decided 
that at this point a cooperative 
testing program done under a 
nondisclosure agreement was ade- 
quate. A future CRADA is highly 
likely. In addition, it appears that 
this device will be useful in other 
work being done by INEL on pro- 
ducing genetically engineered 
cotton. 

Improved Transformation 
and Regeneration 

Techniques for Cotton 
LDRD 61 11 

J. R. Hess 

AMTEX industrial partners are 
strongly encouraging DOE to direct 
resources into cotton biotechnology, 
with their highest priorities aimed at 
improving efficiency of transfomation 
and regeneration systems. Genotype 
restrictions prevent conventional cul- 
ture procedures from regenerating 
many varieties of cotton. In the 
absence of an effective regeneration 
system, genetic transformation 
becomes more an academic than a 
practical approach to cotton improve- 
ment. Sophisticated in vitro systems 
that control the environmental and 
physicochemical parameters for the 
regeneration and multiplication of 
very young and genetically instable 
somatic embryos were constructed 
by previous years' LDRD efforts. 

These systems have been test- 
ed, with results indicating that precise 
control of physicochemical parame- 
ters can be achieved, including hor- 
monal profiles, toxin removal, and 
basic nutrient levels of the in vitro 
system. Cotton germplasm was 
grown and collected from field 
sources for final analysis of essential 
physicochemical parameters neces- 
sary to define medium and growth 
condition parameters for the in vitro 
system, and culture experiments are 
in progress to develop enzymatic iso- 

lation procedures of fertilized and 
unfertilized egg cells for culturing. 
Completion of the analyses and isola- 
tion/culture system design are very 
near (target date December 1995), 
but clear funding paths to completion 
are currently uncertain. 

Objectives 
Produce germplasm. 

Analyze physicochemistry. 

Evaluate culture system. 

Test control hardware. 

Accomplishments 
Cotton bolls of commercial HS 

varieties were produced in Lub- 
bock, Texas in field research plots. 
Bolls at various stages of develop- 
ment were harvested and shipped 
via overnight delivery to Utah 
State University for embryo 
extraction. Excised embryos were 
cultured and prepared for physic- 
ochemical analysis. Harvest of 
1995 cotton germplasm was com- 
pleted in late September 1995. 

Using material collected in 
FY-94, preliminary analyses were 
completed, which suggested that 
(a) physicochemical mineral levels 
are similar to other systems (e.g., 
wheat); (b) Arabinose, Sucrose, 
Myoinositol, Glucose and Fructose 
are present at physiologically sig- 
nificant levels; and (c) Arabinose 
levels are several orders of magni- 
tude higher than expected, which 
may be important since Arabinose 
is essential for cell wall formation. 
Hormones and amino acids analy- 
ses, along with detailed analyses 
of minerals and sugars, require 
large amounts of tissue grown 
under uniform conditions. These 
analyses will be completed with 
the FY-95 field grown germplasm, 
though funding to complete the 
analysis of the material produce in 
FY-95 is uncertain. 

Several culture media sys- 
tems / formula tions were tested 
with cotton embryos to establish 
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baseline culture responses to con- 
ventional and new culture sys- 
tems. Tobacco phloem media 
regenerated 14-17 DAF embryos 
with large leaf growth and very 
little root growth. Plants did not 
survive transplanting. One-half 
strength Wheat-1 (formulated 
from physicochemical analysis of 
wheat endosperm) showed the 
best regenerative growth of 
embryos, but less than acceptable 
root growth. Plants survived 
transplanting and grew into 2-ft 
plants before termination. 
Murashige and Skoog plus IAA 
and Kinetin was most effective at 
promoting root growth. Improved 
root growth enhanced the regener- 
ate plants' survival of transplanti- 
ng. Plants survived transplanting 
and grew into 2-ft plants before 
termination. Accurate and non- 
damaging isolation of egg cells 
continues to be essential. Enzy- 
matic hydrolysis of surrounding 
tissue for the purpose of isolating 
cotton egg cells is most promising, 
as this system has been proven to 
work with maize. Development of 
egg cell isolation and culture pro- 
cedure is in progress, though 
funding to complete this work is 
uncertain. 

Control hardware has under- 
gone preliminary testing (e.g., to 
ensure sterility can be maintained, 
to test handling procedures and 
protocols, etc.). The control sys- 
tems, including hardware and 
software, have been tested and 
found functional, and many 
improvements have been made to 
all systems. Efforts to date have 
identified several system design 
features needing development, 
including systems to remove phe- 
nolics, which cause tissue brown- 
ing and death; tissue attachment 
mechanisms; and enhanced micro- 
environment control. 

New or Increased Technical Capabilities 
This work is very much 

aligned with the INEL strategic 

thrust areas, keeping in mind that 
the objectives of this project are to 
build fundamental tools for plant 
transformation and regeneration. 
Once the tools are proven effec- 
tive, engineering plants for phy- 
toremediation, water conservation, 
and reduced usage of fertilizers 
and chemicals to mention a few, 
will have a more sigrhcant posi- 
tive impact on the environmental, 
energy, and economic competi- 
tiveness goals of INEL and the 
Department of Energy than any 
engineering solution conceived of 
to date. This project has si@- 
cantly improved technical capabil- 
ities and expertise at INEL. The 
opportunity to further strengthen 
these capabilities through hiring 
new professionals was proposed 
in the FY-96 LDRD proposal. 

Business Development Opportunities 
We expect that through imme- 

diate continuation of this work, 
INEL and partners will benefit 
through licensing and royalties 
from transformation and regenera- 
tion technologies not only for cot- 
ton, but also for other commercial 
crops as well. Once the regenera- 
tion tools only are proven to work 
(target date December 1995, early 
1996), funds in CRADAs are 
expected to be developed with 
Cotton Incorporated and/or 
AMTEX. Companies including 
Monsanto, Car@, Delta Pine, Pio- 
neer Hybrid and others are also 
interested in the technologies 
being developed in this project. 
As a result of this project being 
successful, funds in CRADAs are 
very likely with each or all of 
these companies to develop specif- 
ic applications for the transforma- 
tion and regeneration technolo- 
gies. A sweeping patent on robust 
genetic engineering and tissue 
regeneration tools would put 
INEL and its partners in the posi- 
tion of granting licenses and 
receiving royalties on numerous 

applications ranging from the 
engineering of gossypol free cot- 
ton seed proposed herein to gener- 
al crop improvement via genetic 
engineering. In a recent issue of 
"Genetic Engineering News" (Jdy 
1995), experts estimate the poten- 
tial value of genetically engi- 
neered crops to exceed $500 billion 
in North America alone and nearly 
three times that world-wide. 

Compressed Gas 
Safety Valve 

LDRD 6808 

J. M. Hubbell 

This LDRD focused on design- 
ing, building, and testing a com- 
pressed gas safety valve to prevent 
the rapid decompression of com- 
pressed gas cylinders if the valve 
were broken off. Several working 
demonstration safety valves have 
been built. This device replaces the 
typical cylinder valve assembly on 
standard compressed gas cylinders 
or is an addition to existing valves. 
Compressed gas cylinders are used 
in nearly every industry with over 
150 million gas cylinders in use in the 
United States. It is estimated that 
there are two cylinder accidents a 
day in the United States; however, 
exact numbers are not available. 
Current designs of valves for com- 
pressed gas cylinders do not incorpo- 
rate safety features to shut off the 
valve should the valve be broken off. 
There is a great need in the com- 
pressed gas industry to produce 
devices that are safer than those cur- 
rently available. Use of this valve 
may ultimately reduce stringent trans- 
portation requirements for the cylin- 
ders. Development of the safety 
valve may result in hundreds of new 
jobs in the manufacturing industry. 

Objectives 

project was to develop a com- 
pressed gas safety valve. 

The overall objective of this 
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Complete the engineering and 
design of the most promising 
compressed gas safety 
valve(s). 

Fabricate demonstration 
valves. Choose the best 
design(s) for the safety valve 
and have several fabricated 
for testing. 

Laboratory test the demon- 
stration safety valves to refine 
the design. The demonstra- 
tion valves were to be tested 
at low pressure in the labora- 
tory and final versions at high 
pressure in the field. 

Prepare and submit a patent. 

Prepare a final report and con- 
tact industry representatives 
for licensing potential. 

Pursue joint cooperative 
efforts with industrial partners 
(CRADA). 

Accomplishments 

gas safety valve (CGSV) was elim- 
inated at midyear FY-95 but 5K 
was added to the budget to allow 
closeout of the project. Two 
designs of the CGSV were refined 
following tests in FY-94. One of 
these designs was used to build a 
prototype CGSV, which was suc- 
cessfully tested in the laboratory 
at low and high pressures. The 
second prototype design was built 
but not tested. Some refinements 
to this design are required before 
pressure testing. 

The Technology Transfer 
Office rescinded its election to 
retain title to this invention due to 
insufficient programmatic interest. 
A patent search was conducted, 
indicating that this design is not 
covered by existing patents. The 
INEL-designed safety valve is sim- 
pler to construct than the other 
designs and incorporates several 
safety features, making this abet- 

Funding for the compressed 

ter product than those covered by 
other patents. A patent applica- 
tion has not been filed. Task 5 
was not completed because fund- 
ing was discontinued. 

An advertisement was placed 
in the Commerce Business Daily 
seeking a partner to work with the 
INEL on development and com- 
mercialization of the CGSV. Two 
companies replied to the adver- 
tisement. Discussions were ongo- 
ing with one of the firms as of 
October 1995. 

New or Increased Technical Capabilities 
The INEL has intellectual 

property rights for these com- 
pressed gas safety valve designs. 
Additional work has not been pur- 
sued because of differences in this 
work and the mission of the INEL. 
A patent will probably be filed by 
the DOE office in Chicago. 

Business Development Opportunities 

with a patent holder for a com- 
pressed gas safety valve. The 
Compressed Gas Association is 
not interested in pursuing devel- 
opment of the safety valve at this 
time, presumably for liability rea- 
sons. This valve has a large 
potential for business develop- 
ment should the regulatory cli- 
mate change, calling for additional 
safety measures for the use and 
transportation of compressed gas 
cylinders. The compressed gas 
industry needs to produce valves 
that enable cylinders to be used 
and transported more safely than 
those currently available. Unfor- 
tunately, data is not available to 
quantify the number of accidents 
involving gas cylinders. Since 
there are over 150 million com- 
pressed gas cylinders in operation 
in the United States, there is an 
extremely large potential market 
($2 billion market). Most com- 
pressed gas cylinder users that we 
have discussed this concept with 

The INEL has made contacts 

have shown interest in the valve, 
and have indicated that if this 
safety valve were available for 
their use, they would be willing to 
pay additional money to put this 
valve on their cylinders. Develop- 
ment of the safety valve may 
result in hundreds of new jobs in 
the industry manufacturing 
replacement valves. 

Internal-Reforming Solid 
Oxide Fuel Cell Thermo- 

Chemical Modeling 
LDRD 7105 

C. G. Motloch 

Fuel cells offer high operating 
efficiency for electric power genera- 
tion and are environmentally benign. 
The primary advantage of Solid 
Oxide Fuel Cells (SOFCs) is that it 
has no liquid electrolyte with its atten- 
dant material corrosion and elec- 
trolyte management problems. Also, 
the solid-state character of all SOFC 
components results in fewer restric- 
tions on the cell configuration. How- 
ever, no general-purpose SOFC 
analysis tool currently exists. Conse- 
quently, research and development of 
a cross-flow, internal-reforming SOFC 
computer model has been underway 
for 18 months at the Idaho National 
Engineering Laboratory (INEL). A 
one-dimensional model is being com- 
pleted and extensions to two and 
three dimensions are planned. 
Efforts have focused on developing a 
thermo-chemical model that will help 
determine the scope and design of 
the INEL SOFC to address key ques- 
tions about its performance. These 
include the calculation of the SOFC 
thermal distribution, fuel and electri- 
cal efficiency, and whether the SOFC 
becomes thermally quenched. Mass, 
heat, electrochemical, and chemical 
kinetic balance equations have been 
developed to represent the dynamic 
processes that occur within the 
SOFC. 
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Objectives 

aspects. The first is to advance the 
state of SOFC computer modeling, 
and the second is to characterize 
the INEL SOFC behavior using the 
new model. The INEL SOFC 
model will calculate thermal and 
mass flow distributions through- 
out the SOFC; this includes the 
fuel and air channels and within 
the interconnect. It will also 
include full multi-region, multi- 
species diffusion in the porous 
anode, electrolyte, and cathode. 
The INEL SOFC model explicitly 
details each of these fuel cell 
regions. This is necessary to accu- 
rately model the reforming that 
occurs within the interconnect and 
anode in the INEL SOFC. This 
affects the rate-determining steps 
and the evolution and distribution 
of product species and heat. 
Explicit modeling of each of the 
species is also important because 
the interactions between them 
affect their diffusivities, which in 
turn affect the dynamic mass, 
energy, and electrochemical 
processes. 

Constitutive models include 
(1) steam-methane reforming in 
the interconnect and in the anode, 
(2) oxidation of H2 and CO within 
the anode, (3) Joule heating within 
the solid structures, (4) electrical 
polarizations, and (5) electrical 
and thermal performance. Also, 
the model features temperature- 
dependent material properties 
including (6) heat capacities of 

CO, CO2, H2, H20, N2, and 
02; (7) thermal conductivities of 
air, fuel, NiAl, Ni-Zr02, BO2, and 
Lah4n03; and (8) heat transfer 
coefficients for air and fuel. Addi- 
tionally, (9) the Gibbs Free Energies 
and (10) the heats of formation are 
calculated for CH4, CO, C02, and 
H20; and (11) the relatives 
enthalpies are calculated for CH4 

The work is centered on two 

CO, CO2, H2, H20, NZ, and 0 2 .  

The model input, output, and 
physical functions consist of a sig- 
nificant number of thermodynamic 
variables. 

The technical objectives thus 
include completion of the thermo- 
chemical computer model of the 
INEL internal-reforming solid 
oxide fuel cell stack, incorporating 
the features described above. The 
model will then be used to 
address issues vital to INEL SOFC 
development, which include (1) 
whether partial or complete 
quenching of the cells occurs as a 
result of the internal reforming; 
(2) the practical limits of fuel uti- 
lization; (3) the advisability of 
alternative schemes for manifold- 
ing the stack; (4) characterization 
of test data from the SOFC stack 
demonstration funded by the 
Advanced Research Projects 
Agency (ARPA); and (5) analysis 
of various other internal-reform- 
ing SOFC system concepts, such 
as partial oxidation. 

Accomplishments 

model of the SOFC air channel 
and fuel channel and the intercon- 
nect with steam-methane refmm- 
ing has been completed. It 
enables the calculation of tempera- 
ture, mass flow, and power distri- 
butions throughout those regions 
in the SOFC. The figure shows a 
typical SOFC cross-flow stack 
from which a mathematical SOFC 
unit cell is constructed, which is 
the building block for the SOFC 
model. A peer-reviewed paper 
based upon recent accomplish- 
ments titled Thermo-Chemical 
Modeling of Internal-Reforming 
Solid Oxide Fuel Cells at the INEL 
has been presented at the SOFC-IV 
Conference held in Yokohama, 
Japan in June 1995. Also, a copy- 
right application has been submit- 
ted for the computer code. 

A single-channel, coflow 

New or Increased Technical Capabilities 
The present model provides 

the new capability to calculate 
temperatures, mass flows, and 
power distributions within the 
SOFC based upon an assumed 
current density. Further model 
development will enable the calcu- 
lation of all of these plus electrical 
and thermal performance based 
upon first principles, with very 
few simphfymg assumptions. 
This will enable the performance 
of design and scoping studies to 
help optimize the INEL fuel cell. 
Additional enhancements would 
make the model applicable to 
other SOFC designs, as well. 

Business Development Opportunities 
Beyond using the model to 

support internal INEL SOFC 
design, a number of organizations 
have expressed an interest in the 
possibility of generalizing the 
model to their particular SOFC 
designs. The principal investiga- 
tors at these organizations are 
Dr. Sunil Wijeyesekera, research 
leader in the Ceramics and 

Fuel 
Flow 

- 
INEL SOFC Stack 
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Advanced Materials Group at the 
Dow Chemical Company in 
Midland, Michigan; Dr. Harry 
Tuller, Professor of Ceramics and 
Electronic Materials in the Depart- 
ment of Materials Science & Engi- 
neering at the Massachusetts Insti- 
tute of Technology; and Dr. Har- 
lan Anderson, Curator's Professor 
of Ceramic Engineering at the 
University of Missouri-Rolla. 

Also, Dr. Ulf G. Bossel, a fuel 
cell consultant in Baden, Switzer- 
land, has developed a bench-top 
1 kW SOFC system. A three-party 
nondisclosure agreement is being 
prepared between INEL, Thermo 
Technology Ventures, Inc., and Dr. 
Bossel to investigate further devel- 
opment and commercialization of 
his SOFC prototype. 

Advanced Methods for 
Adaptive Control for 

Automated Traffic Management 
LDRD 7203 

H. B. Smart, R. K. Fink 

The major objective of this LDRD 
is to apply INEL expertise in adaptive 
control methodologies to traffic man- 
agement applications in order to 
expand the business base in federally 
supported R&D in this area. Devel- 
opment of real-time adaptive control 
methods and techniques is being 
funded as specific R&D projects and 
operational tests as a part of the 
Intelligent Vehicle Highway System 
program. Several concepts will be 
explored in a two-phase approach 
applying neural networks, fuzzy logic, 
and symbolic rule-based adaptive 
control schemes to the real-time traf- 
fic pattern recognition and control of 
green timing signals. Phase 1 will 
look at the methods and determine 
the feasibility of practical application 
using simulation and system analysis 
tools. Phase 2 will implement a field 
test on a small system. Collaborators 
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on the project will be Idaho State Uni- 
versity, the Ada County Traffic Man- 
agement District, and the University 
of Idaho. 

Objectives 
Obtain appropriate traffic net- 
work simulation software and 
install on INEL computer 
system-January 1. 

Define controller require- 
ments, formulate architecture, 
and generate rules for inter- 
section control-March 1. 

Conduct comprehensive litera- 
ture review of application 
field-April 1. 

Investigate the application of 
artificial neural networks and 
fuzzy logic to the problem of 
traffic flow recognition-June 15. 

Form controller algorithm- 
July 15 (Deliverable 1). 

Evaluate controller algorithm- 
Sept. 15 (Deliverable 2). 

Submit abstract/manuscript to 
suitable conference for presen- 
tation/publication-Sept. 15 
(Deliverable 3). 

Develop plan for acquiring 
funding for continuation of the 
work-Sept 15. (Deliverable 4). 

Accomplishments 

During FY-95 we were able to 
outline a product definition for the 
traffic controller. It is envisioned 
to be small (about lunch- box-sized), 
low cost (about $2K), suitable for 
direct plug-in replacement of 
existing dumb intersection con- 
trollers, capable of local control at 
an intersection with cost-function- 
based optimization, have continu- 
ously variable timing plan(s), 
incorporate fault detection and 
interrupts, be fail safe, and be 
capable of central override. The 
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conceptual controller architecture 
is shown in the figure below. A 
timing plan generator is actually 
made up of two modules, one of 
which solves the conditional logic 
describing the control law and the 
second which handles the boolean 
logic function that ensures proper 
switching sequence of the lights in 
the traffic signal. 

The conditional logic state- 
ments that generate the control 
law have been formulated. The 
statements are associated with 
control of a simple two street 
intersection with turn lanes. 
Details of this example can be 
obtained from the Principal Inves- 
tigator. Cost is the calculated 
value of a cost function. 

New m Increased Technical Capabilities 
This work has increased our 

understanding of the operation of 
central computer controlled traffic 
signal systems. This work has 
also considerable increased our 
understanding of autonomous 
intelligent controller design. 

Business Development Opportunities 
Business development oppor- 

tunities will be defined in FY-96, 
but included licensing of the tech- 
nology to Traconex, Inc. the major 
manufacturer of traffic signal con- 
trollers. 

Reinforcement 
vector 

detection and Timing Pian Green 1 i n z i t s  H generator 

E96 0072 

Controller Conceptual Architecture 
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System Dynamics Model of 
Intermodalism 

LDRD 7204 

D. E. Sebo, D. J. Kurkowski 

Intermodalism refers to intercon- 
nections among modes of transporta- 
tion, e.g., road, rail, water, and air. 
Effective intermodal planning must 
cross boundaries between the public 
and private sectors as well as trans- 
portation modes. There is a require- 
ment to identify the barriers to inter- 
modal transportation and investigate 
the impact of proposed changes to 
policies and infrastructure to ensure 
an effective and efficient transporta- 
tion system. A systems approach is 
necessary to adequately represent 
the interaction between the some- 
times incompatible concerns of all 
stakeholders. 

The analysis is a dual approach, 
describing (1) the system that drives 
an intermodal facility and architecture 
and (2) tools used to feed information 
to the system. A systems dynamics 
model of intermodalism at the Port of 
Lewiston has been developed. The 
model was designed to highlight 
leverage points, hidden assumptions, 
second-order effects resulting from 
feedback loops, and system drivers. 
The information model is used to pro- 
vide insight into the systems that sup- 
port current operations. 

This work has identified issues 
both specific to the Port of Lewiston 
and general across intermodal trans- 
portation. The major issues specific 
to Lewiston were: the geographic 
location of Lewiston, including access 
infrastructure and volume flow imbal- 
ance; difficulty in obtaining empty 
containers; closure of the Moscow- 
Arrow rail gap; and salmon recovery 
issues. Overall intermodal issues 
involve sensors and information sys- 
tems required to seamlessly track 
container location and make the data 
available at the right place at the right 
time. 

Objectives 
A causal loop model address- 
ing intermodal transportation 

issues with specific emphasis 
on the Port of Lewiston and 
the Columbia/Snake River 
system. 

A report idenbfymg system 
leverage points, system dri- 
vers, and issues identified 
during model development. 

A report describing the current 
information environment sup- 
porting the Port of Lewiston. 

Accomplishments 
A series of causal loop dia- 

grams or models have been devel- 
oped for intermodalism at the Port 
of Lewiston. These loops consider 
the factors important to the devel- 
opment of an intermodal facility. 
Additional causal loop diagrams 
have been developed specifically 
to model intermodalism at the 
Port of Lewiston. These diagrams 
include a top-level Lewiston 
causal loop model to provide a 
high-level overview and empha- 
size the most important factors 
affecting Lewiston. Additional 
detailed submodels were devel- 
oped for cost, facility volume flow, 
economic impacts, environmental 
issues, and information systems. 

The major Lewiston-specific 
issues result directly from the geo- 
graphic location of Lewiston. The 
issues include access infrastructure, 
volume flow imbalance, difficulty 
in obtaining empty containers, clo- 
sure of the Moscow-Arrow rail 
gap, and salmon recovery issues. 
However, additional intermodal 
issues exist which are general 
across intermodal transportation 
concerning sensors and informa- 
tion systems were also identified 
during model development. 

Tracking container status is a 
priority issue for intermodal trans- 
portation. This problem has two 
facets: data collection and data 
access. Data collection requires 
automatic equipment (container) 

identification and transmitting the 
data to appropriate databases. 
Tracking containers requires more 
than recording and storing data. 
It is necessary to be able to pro- 
vide the right information to the 
right people at the right time. 
Standard electronic data inter- 
change (EDI) can only solve part 
of this problem. A logical 
approach for providing a seamless 
container tracking system is a sys- 
tem that can access data as needed 
from individual databases. A dis- 
tributed database would act as 
type of ED1 on demand, similar to 
the TEXNET system under devel- 
opment at the INEL for the textile 
industry. A variety of other 
issues, including monitoring of 
hazardous cargo, border crossings, 
nonintrusive cargo inspections, 
and identification of overweight 
containers are additional issues 
that need to be addressed for effi- 
cient intermodal transportation. A 
white paper report summarizing 
the modeling effort has been written. 

The information modeling 
effort involved a series of inter- 
views with transportation compa- 
nies and the Port Authority to 
investigate information systems in 
use at the Port of Lewiston. To 
determine the wider picture, dis- 
cussions were held with the Idaho 
Transportation Department. The 
Pacific Rim TransTech Conference 
was attended for an international 
viewpoint. 

Analysis of the information 
gathered shows that, like other 
intermodal facilities, only pockets 
of information exist causing infor- 
mation flow bottlenecks. Most 
entities operating at the Port of 
Lewiston operate independently. 
The infrastructure is disjointed, 
relying on adhoc information 
flows, phone, fax, etc. Lack of 
coordination in information flow 
results in lack of coordination in 
freight movement. The system is 
relatively inefficient. Although 
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most participants realize addition- 
al electronic data interchange is 
needed, no infrastructure current- 
ly exists and there are apparently 
no coordinated efforts underway 
to meet this need. The results of 
this study are documented in an 
INEL white paper. 

New or Increased Technical Capabilities 
The major benefit to the INEL 

is an increased knowledge of the 
problems and issues facing inter- 
modal transportation. In particu- 
lar, these issues include informa- 
tion systems and sensors which 
are INEL core capabilities. This 
knowledge can be combined with 
ongoing transportation initiative 
efforts to provide new opportuni- 
ties for transportation work at the 
INEL. 

Business Development Opportunities 

nies and the Lewiston Port 
Authority have participated in this 
LDRD by providing data and 
information essential for success- 
ful completion of this work. In 
addition, personnel at the Idaho 
Transportation Department (ITD) 
have followed model construction 
and provided assistance in the 
development of contacts within 
the transportation industry. There 
is additional potential for partner- 
ing with ITD and the Idaho Trans- 
portation Consortium for the 
extension and application of this 
work. 

identified technical problems 
appropriate for the innovative 
approaches to merging sensor 
streams, communications, and 
distributed databases being 
developed in the proposed trans- 
portation infrastructure LDRD. 

A number of private compa- 

In addition, this LDRD has 

Alternate Joining Techniques 
for Textiles 

LDRD 841 5 

V. A. Deason, P. L. Taylor 

The US. textile industry has 
identified automation of garment pro- 
duction as one of the most important 
requirements for revitalizing this 
important sector of the economy. 
One aspect of this is the goal of so- 
called 3-0 assembly methods, which 
implies fitting cloth panels to a 3-0 
mannequinhmandrel and sewing the 
garment into its final form. To 
achieve this, one must radically alter 
the current practice of garment 
assembly, which depends almost 
totally on the conventional sewing 
machine. 

use of the sewing machine in 30 
assembly processes is that the 
sewing machine requires a bobbin to 
hold the locking thread. This bobbin 
is located on the opposite side of the 
fabric from the needle position and 
can only be loaded with a short 
length of thread due to various 
mechanical limitations of the sewing 
process. Thus, to achieve true auto- 
mated 3-0 sewing, one must elimi- 
nate the bobbin. This may or may 
not eliminate thread as well. 

We proposed investigating the 
potential for substituting a novel vari- 
ation on adhesive assembly which 
might solve some of the problems 
encountered with the present tech- 
niques. Currently, a band of adhe- 
sive is applied along the seam and 
cured. This leaves a stiff, uncomfort- 
able seam which causes customer 
rejection, except in rain gear and cer- 
tain military garments. In this con- 
cept, one applies numerous small 
injected or applied dots of adhesive 
along the seam, which emulate the 
local nature of the thread stitch. 
Hopefully, this will be more con- 
formable for the user. 

One of the greatest obstacles to 

~ ~ ~ 

Objectives 

evaluate alternate fabric joining 
techniques, focusing especially on 
novel uses of adhesives for this 
purpose. The goal will be to 
develop a glued seam with the 
same feel or hand as a sewn seam. 
We will also attempt to evaluate 
the concept of an alternate, 
bobbin-less sewing system, per- 
haps incorporating a combination 
of thread and adhesive. This is 
intended to provide a system com- 
patible with automated, delivery 
on demand garment fabrication 
methods. 

Accomplishments 
We made good progress in 

identifying potential candidates 
for adhesives based on discussion 
with Judd Early at TC2. These 
adhesives were developed for use 
by Levi Strauss to glue pockets in 
jeans. They produce a softer and 
stronger seam, while maintaining 
resistance to degradation by wash- 
ing and dry cleaning. 

We began the process of hir- 
ing a lab technician to assist in this 
and other projects early in FY-95, 
but progress was slow, and it was 
early summer before we succeed- 
ed. For this reason, we made little 
further progress in this project and 
a portion of the money was 
returned to the LDRD office. 

New or Increased Technical Capabilities 
This project was terminated 

before sigruficant progress was 
made. 

Business Development Opportunities 
We still believe this is an 

important effort, and have resub- 
mitted an  expanded version of the 
project for FV-96. We believe a 
new concept in garment assembly 
is fundamental in insuring the 

During FY-95, we planned to 
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success of the most advanced con- 
cepts in automation. 

Real-Time On-Loom Knit and 
Hand Characterization Using 
Diffractive Optical Methods 

LDRD 8416 

T. M. Crawford, V. A. Deason, 
T. E. Repetti 

At various stages during the pro- 
duction and marketing of cloth, it is 
necessary to check the thread spac- 
ing and pattern in the cloth. This 
number (threads per inch) is related 
to the quality, strength, and shrinkage 
of the cloth. Current practice is to 
use a hand lens and to count threads 
per inch by eye. We have proposed 
using a video image processing tech- 
nique to extract this information from 
the cloth and display the results in a 
convenient manner. 

As part of this project, a variety 
of digital CCD video cameras were 
evaluated for use in acquiring the 
cloth images for further processing. 
Several likely candidates were identi- 
fied and two were procured which 
provided a relatively low cost option 
for acquiring the necessary data. 
One of these was incorporated in a 
simple prototype assembly which 
automatically positions the camera at 
the proper distance from the cloth for 
correct focus. A pistol type grip can 
be used to carry and position the 
device. Images are acquired, digi- 
tized and transferred to a computer 
or other data processing system for 
analysis, display and storage. 

thread count and enter the 
results into a database on a 
PDA (Personal Data Assistant) 
or other device. 

Accomplishments 
Hardware. We identified a 

suitable camera for the prototype, 
although final decisions on a cam- 
era for a production model are not 
appropriate at this time. We 
developed the necessary system 
support for acquisition, display, 
storage and analysis of the raw 
data. The resolution is adequate 
for the purpose, and might even 
be reduced if a cost benefit is evi- 
dent. A color camera is a poten- 
tially valuable upgrade, where 
color information might be used to 
distinguish thread patterns from 
printed patterns. This might also 
be used for inexpensive color 
analysis of dyed or printed fabric, 
if a suitable color calibration 
scheme could be developed. 

Software. We investigated vari- 
ous algorithms for analyzing 
thread count and concluded that 
the Fourier Transform method 
leads to a reliable and accurate 
measure of thread count for a sur- 
prisingly wide variety of fabric 
weaves. Issues of desired image 
size, signal to noise, rotation, and 
resolution were encountered and 
resolved, as well as issues involv- 
ing efficiency of the thread count 
algorithm. We believe we can effi- 
ciently implement this algorithm 
in a handheld device for measur- 
ing thread count. 

Nau or Increased Technical Capabilities 
We improved our capability in 

the use of video techniques by 
evaluating and gaining experience 
with a variety of digital solid state 
video cameras. We improved our 
understanding and use of Fourier 
Transform methods in evaluating 
two dimensional patterned 
images. We better understand the 

Objectives 
Investigate diffractive and 
Fourier optical techniques to 
develop sensors and instru- 
mentation for real-time, on- 
loom characterization of 
thread count and knit/hand 
parameters. 

Develop a compact device 
which can measure a fabric's 

Thread Count Imaging Head 
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variability and types of weaves 
seen in typical fabrics. We have 
developed a Fourier Transform 
method to measure thread count 
and weave pattern for various fab- 
rics. Similar methods are envi- 
sioned for application to the deter- 
mination of hand, which will be 
examined in an FY-96 AMTEX 
project. 

Business Development Opportunities 
A Patent Idea Record is in 

preparation; contact Vance Deason 
(6-2501) for details. There is 
strong potential for a thread count 
device to be developed into a 
product; we will be working with 
the appropriate Lockheed Idaho 
groups during FY-96 to see this 
through in conjunction with an 

develop an intelligent sensor sys- 
tem to measure hand (the qualita- 
tive properties of a fabric such as 
softness, texture, etc). 

M-96 AMTEX LDRD which will 

Micromechanical Analysis 
Capability for 

Composite Materials 
LDRD 8506 

R. L. Williamson 

Metal matrix composites are typi- 
cally produced at high temperature. 
During cooling to use temperatures, 
large thermal stresses develop 
between the constituent materials 
because of differences in thermal and 
mechanical properties. The effects of 
these stresses on composite integrity 
and strength are important considera- 
tions in composite design. In this 
project, micromechanical models 
have been developed to provide 
enhanced understanding of the 
effects of residual stresses and pro- 
vide guidance in the composite 
design and optimization process. 
Model results indicate that, for certain 
cases, residual stresses provide an 
effective material strengthening in the 
elastic regime. Using the model, the 

National Derived Use Technology Transfer Center 

effects of fiber volume fraction and 
shape were considered. Additionally, 
the effects of a third material interlayer 
were investigated. Results suggest 
this layer can provide a method of 
controlling stresses and strains, thus 
providing an optimization parameter 
in composite design. Qualitative 
agreement exists between model pre- 
dictions and experimental data. 

Objectives 
Develop and demonstrate a 
micromechanical level model- 
ing capability to predict pro- 
cessing-induced residual 
stresses in metal matrix com- 
posite materials. 

ceramic volume fraction and 
particle shape. 

Investigate the effects of 

Investigate novel techniques 
designed to reduce detrimen- 
tal stresses and strains. 

Compare predicted stress- 
strain response of the compos- 
ite with experimental data, if 
available. 

Accomplishments 
Metal matrix composites 

(MMC), composed of particles, 
fibers, or whiskers embedded in a 
metal matrix, are typically pro- 
duced at high temperature. Dur- 
ing cooling, large thermal stresses 
can develop between the con- 
stituent materials due to si@- 
cant differences in thermal and 
mechanical properties. The effects 
of these stresses on composite 
integrity and strength are impor- 
tant considerations in MMC 
design. Micromechanical models 
are used to develop enhanced 
understanding and provide guid- 
ance in the design process. 

A geometrical approach used 
to develop a MMC micromechani- 
cal model. By assuming a regular 
fiber arrangement, each fiber and 
a portion of the surrounding 
matrix material forms a symmetric 

hexagonal unit cell, which, for 
simplicity, is approximated as a 
cylindrical cell. With this approxi- 
mation, the model becomes 
axisymmetric, consisting simply of 
a fiber cylinder encased in a larger 
matrix cylinder. The effects of 
neighboring fiber/matrix cells are 
included using periodic boundary 
conditions. The fiber and matrix 
are assumed to remain perfectly 
bonded and are initially stress-free 
at processing temperature. Vari- 
ous fiber volume fractions (3,6, 
12, and 19%) were considered by 
holding the fiber size constant, 
and varying the matrix cylinder 
size. 

Solutions to the basic equa- 
tions of thermomechanics were 
obtained using standard finite ele- 
ment numerical (FEM) techniques. 
A typical computational mesh is 
shown in the figure to the right; 
relatively fine meshing is used 
near material interfaces to predict 
locally large stress and strain gra- 
dients. Note that symmetry per- 
mits simplification of the analysis 
to only one of the quadrants of 
Fig. l(b). The selection of Si3N4 
for the fiber and Al for the matrix 
were driven by a companion pro- 
ject (LDRD 8503, wherein squeeze 
casting techniques are used to pro- 
duce composites based on novel 
fibers produced at the INEL. Also 
note that the mesh contains an 
interlayer region separating the 
fiber and matrix. To investigate 
interlayer effects on residual 
stresses and strains, as well as 
stress-strain behavior under load- 
ing, simulations were performed 
with either a highly compliant 
(half the yield strength of Al) or a 
composite (25% Si3N4-75%Al) 
interlayer material. Although the 
fiber was assumed to remain elas- 
tic, plasticity was permitted in the 
aluminum and both interlayer 
materials. Temperature-depen- 
dent mechanical and thermal 
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property data were used for all 
materials. In addition to the geo- 
metrical model previously dis- 
cussed, models were also devel- 
oped for fibers having pointed 
rather than flat ends, providing an 
initial investigation of the effects 
of fiber shape. 

Assumed stress-strain curves 
were plotted for the MMC parent 
materials as well as the predicted 
curves for four composites of 
varying fiber volume fraction. 
Data for the curves are generated 
by displacing the composite in the 
z direction and monitoring the 
predicted stress-strain behavior 
(much like a standard tensile test). 
In one study, the effects of pro- 
cessing-induced residual stresses 
were neglected, and the composite 
behavior predicted is much like 
what would be expected intuitive- 
ly; both the elastic and plastic 
regions are proportionally 

strengthened as the fiber volume 
fraction is increased. Later pro- 
cessing-induced residual stresses 
were included in the model, and it 
was apparent that residual stress- 
es, at least for loading along the 
fiber axis, provide an increase in 
the elastic modulus, and thus an 
effective strengthening. Further 
note that this strengthening is 
more significant for the smaller 
fiber volume fractions. 

technique for controlling residual 
thermal stresses and strains, a 
third material interlayer was 
inserted between the matrix and 
fiber. Highly compliant interlay- 
ers resulted in sigruficant strain 
increases with subsequent 
decreases in stress. The more 
rigid composite interlayer, howev- 
er, had an opposite effect; strains 
were reduced with compensating 
increases in stress levels. Thus 

As mentioned above, as one 

Ai 

- 
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Business Development Opportunities 
This project was conducted 

jointly with LDRD project 8507 
and involved collaboration with 
General Motors Corporation. 
Business development opportuni- 
ties may exist directly with GM or 
jointly with other funding agencies. - 

r 

controllable trade-offs are predict- 
ed between stress and strain, indi- 
cating interlayers might provide 
an opportunity for design opti- 
mization. 

mental data to corroborate the 
model predictions, but found no 
reliable data for the material sys- 
tem selected. Qualitative agree- 
ment exists between model predic- 
tions and available data for other 
material systems. 

We attempted to locate experi- 

New m Increased Technical Capabilities 
As a result of this project, we 

developed a micromechanical 
analysis capability for predicting 
residual thermal stresses between 
dissimilar material components in 
composite materials. Although for 
simplicity, a specific materials sys- 
tem and geometry were consid- 
ered, the techniques and expertise 
developed are applicable to a 
wide range of materials and 
geometries. We acquired an 
increased understanding of the 
effects of residual stresses, and 
where they may prove beneficial 
or detrimental. Since the interest 
in and use of composites is rapidly 
expanding, possessing finite ele- 
ment models that can enhance 
understanding and provide valu- 
able design and optimization 
information will be of benefit to 
INEL materials research pro- 
grams. 

I \  
Interlayer 

Typical Finite Element Computational Mesh Showing the Assumed Fiber and 
Matrix Materials. Interlayer Region Is Included to Study its Effects on Residual 

Stresses and Strains. 



212 

Metal Matrix Composites from 
Novel Nitride Preforms 

LDRD 8507 

M. H. O'Brien, R. J. Heaps, 
D. M. Garrard 

The objective of this project is to 
investigate metal matrix composites 
using silicon nitride whisker "preforms" 
for potential application in advanced 
transportation systems. This project 
uses a proprietary process developed 
at INEL to fabricate silicon nitride 
whiskers from silicon carbide powder. 
The whiskers are formed in a boron 
nitride mold at high temperatures 
inside a furnace containing high pres- 
sure nitrogen. The whiskers are 
locked together to form a porous 
structure that can be easily shaped 
relative to a dense structural ceramic. 
Whisker preforms solve some health 
hazard and processing problems 
associated with loose whisker rein- 
forcements. The near-net-shape 
capability of the preform approach is 
also a significant advantage. 

This study emphasizes metal 
matrix composites (particularly alu- 
minum) because of recent interest 
from several companies including 
General Motors, Garrett Turbine 
Engines, and General Electric Aircraft. 
An informal collaboration between the 
lNEL and General Motors to investi- 
gate metal matrix composites started 
in FY-94. Preforms were made and 
characterized at the INEL. GM 
squeeze-cast an aluminum alloy into 
preforms and selected composite 
properties were measured. While fea- 
sibility and potential were demonstrat- 
ed in FY-94, further development in 
whisker preform processing was nec- 
essary. In FY-95, preform processing 
improvements were investigated, 
specifically to increase whisker size 
and to create cleaner interface. 

Objectives 
Investigate the effects of differ- 
ent chemical fluxes to enhance 
crystal growth. 

National Derived Use Technology Transfer Center 

0 Examine the influence of tem- 
perature and pressure on pre- 
form cleanliness and whisker 
conversion. 

If significant improvements 
can be made in the preform, 
squeeze-cast at GM and mea- 
sure the properties of the 
aluminum matrix composite. 

Accomphhments 

Cooperative Industrial 
Research with 

General Electric 
Lighting Products 

LDRD 851 0 

J. S. Epstein, B. H. Rabin, 
R. L. Williamson 

The purpose of this project was to 
explore collaboration with General 
Electric (GE) Lighting Products, 
Cleveland, Ohio, and possible joint 
funding from the DOE Office of Light- 
ing Technology. This collaboration is 
based upon a history of scientific 
collaboration (1988-1994) between 
J. Epstein and C. Scott at GE on the 
fracture of the Lucalox Alumina pro- 
duced by GE Lighting for their Sodium 
Vapor Lamp housings. 

To summarize the accomplish- 
Of M-95, we investigated a 

number of processing variables, 
but noted no sig;Iuficmt improve 
ment in overall preform properties. 
More specifically, we observed that 
Some properties could be improved, 
but at the cost of other desired 
properties. For example, larger 
diameter whiskers could be made, 
but the amount of conversion to 
whiskers and the cleanliness of 
whiskers suffered badly. Although 
the initial properties of these pre- 
form materials showed sigruficant 
promise, after further study it is 
uncertain whether they have real 
commercial potential without fur- 
ther improvement. It is uncertain 
how to proceed, consequently no 
proposal for future studies has 
been submitted. 

New or Increased Technical Capabilities 

and necessary attributes of 
whiskerized materids as a result of 
this project. For example, larger 
whisker size and clean interface 
between the whisker and the metal 
matrix were observed to be very 
important to the composite perfor- 
mance. These and other lessons 
learned will be a benefit to future 
composites projects. Metal matrix 
composites offer near-term com- 
mercial benefits in applications 
requiring light weight. Future pro- 
posals will probably also feature 
ambient pressure processing in 
order to reduce fabrication cost. 

We learned several important 

Objectives 
Using INEL's phase shifting 
moire interferometry, deter- 
mine the residual strain pro- 
files in the end caps of the 
250W sodium vapor lamps. 

A visit of the INEL staff to GE 
Lighting Products Plant in 
Cleveland: 

- To brief ceramic lamp hous- 
ing residual strain results and 
additional computational work 
on IR thin film technology. 

- Discuss with Fred Ahlgren, 
Director Industrial R&D a joint 
research proposal to DOE and 
CRADA. 

Attend Lighting requirements 
workshop to have input on 
future R&D requirements for 
lamps. 

Accomplishments 
Application of phase shifting 

interferometry to analyze residual 
strains in a series of Sodium Vapor 
Lamps. This involved the develop- 
ment of a detailed experimental 
laboratory procedure started in the 
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previous year to section the lamps 
at their end caps in order to release 
residuals strains. Phase shifting 
moire was applied to assess the 
strain profiles in these lamp end 
cap: to housing seals, in particular 
a comparison between a 250-W 
Sodium Lamp made in the United 
States and by a GE subsidiary in 
Hungary. 

Visit to GE Lighting Products. 
INEL results were presented 

for the residual strain profiles in 
two designs of 250W Sodium 
Vapor lamps, one design produced 
in the United States by GE and 
another Hungarian design by a 
recent GE acquisition. It was 
shown that the Hungarian design 
produced lamp housings less 
prone to cracking owing to a series 
of end cap slots that act as expan- 
sion joints for thermal strains. Fur- 
ther work was discussed toward 
understanding a new single crystal 
lamp design. 

Discussion took place on the 
INEL residual stress modeling of 
the IR reflective thin films used for 
incandescent and halogen lamps. 
The discussion could not cover 
detailed manufacturing issues 
owing to the proprietary nature of 
the GE IR thin-film CVD deposi- 
tion process. 

Lighting Workshop attended by 
industry, Government, and acade- 
mia to define current priorities in 
lighting research. 

New or Increased Technical Cqabilities 
A procedure was developed to 

map residual strain fields in 
exceedingly stiff and small indus- 
trial parts. Typically residual join- 
ing strains are the major cause of 
material cracking and failure dur- 
ing a manufacturing phase of an 
item. This procedure was devel- 
oped fully under this LDRD. 

Business Development Opportunities 
Important contacts were devel- 

oped in the lighting research indus- 

Epstein and Rabin attended the 

try (GE, Sylvania, and Phillips) and 
DOE (Dr. Lee Anderson) with the 
XNEL. New business dollars as 
such were not brought into the 
laboratory for a number of reasons: 

Dr. Fred Ahlgren, Director of 
GE's Industrial Lighting Develop- 
ment said that GE Lighting is mak- 
ing money without Government 
funds. He indicated that GE owns 
one third of the world market 
share in lighting and believes it is 
not in GE's benefit to team contrac- 
tually with the Government in the 
form of CRADAs or reveal trade 
secrets developed solely by GE that 
are an important part of their 
market share. 

willing to fund the introduction of 
new lighting products into the 
market and not applied R&D. 
From the lighting workshop the 
current priorities are on LED flat 
panel lights being developed in 
Japan and by Hewlett Packard. 

Dr. Lee Anderson, of DOE, is 

Lifetime Extension and 
Increased Reliability for 

Refinery Structures 
LDRD 851 1 

N. M. Carlson, W. G. Reuter 

The need for lifetime extension 
tools is best explained by Chevron in 
a letter to DOE: "The refining and 
petroleum industry faces a problem 
relating to aging equipment that is 
similar to that which other industries 
are experiencing concerning aging 
infrastnrcture. In the past several 
years, our industry has considered 
several technologies that are crucial to 
address the reliability of aging equip- 
ment in our plants. Since most of 
these technologies are not considered 
core technologies by the industry, it 
has been difficult for any single com- 
pany to justify an investment in devel- 
oping these technologies alone. A 
highly integrated program is needed to 
properly address the aging equipment 
issue. This integrated program should 

include a better understanding of 
structural failure mechanisms in refin- 
ing and petrochemical systems, the 
development of analysis techniques 
and models for improved determina- 
tion of remaining equipment life, and 
the development of on-line nonde- 
structive inspection/monitoring tools. " 
To address the identified lifetime 
extension needs of the refinery indus- 
try, this project focused on two tasks. 
In Task I, a noncontacting ultrasonic 
system using the high-temperature 
EMAT developed at the INEL and a 
laser system developed at Johns 
Hopkins were integrated to provide a 
laboratory version of a potential 
on-line NDE system for monitoring 
defects in critical components. Task 2 
focused on the measurement of frac- 
ture toughness in base and weld 
materials (including the heat affected 
zone) selected by the refinery industry 
and on identifying candidate NDE 
techniques to monitor fracture 
toughness. 

Objectives 

Optimize operational high- 
temperature EMAT to work 
with the Johns Hopkins nar- 
rowband laser. 

Collaborate with Johns Hop- 
kins to establish a laser hard- 
ening strategy and establish 
potential vendors for the 
laser /EMAT system. 

Correlate subsize fracture sam- 
ple techniques to fracture 
toughness in aged materials. 

Evaluate selected NDE tech- 
niques to detect microstructure 
based on correlation with frac- 
ture mechanics results. 

Establish additional industry 
contacts to broaden the sup- 
port base for plant aging 
issues. 

Develop collaborative relation- 
ship with Ames Laboratory on 
NDE techniques and MIT on 
applied mechanics. 
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Accomplishments 
Collaborative research 

between Johns Hopkins University 
and the INEL resulted in an 
enhanced EMAT design for use in 
high-temperature ultrasonics. The 
enhanced EMAT is tunable to 
match the output pulse frequency 
of the Hopkins laser. Testing of 
the laser/EMAT system was com- 
pleted at Johns Hopkins, as the 
current laboratory version of the 
narrowband laser is not portable. 
The INEL is currently hardening 
the EMAT coil and magnet for use 
at temperature. Preliminary tests 
with the nonhardened EMAT were 
conducted to 450" F. The INEL 
and Johns Hopkins were involved 
with discussions for hardening the 
laser and making the laser system 
more fieldable. Discussions with 
NDE vendors established that 
there is industrial interest in pack- 
aging the laser in a portable system 
as well as the high-temperature 
EMAT. The discussions centered 
around the NDE vendor providing 
system integration to ensure that 
the NDE product is marketable for 
field use. Fracture toughness test- 
ing was completed on full-size 
samples, bod welded and unwelded. 
NDE samples were made from the 
same material as the fracture sam- 
ples. Initially, five NDE techniques 
were evaluated for use in monitor- 
ing fracture toughness: harmonic 
generation, resistivity, temperature 
coefficient of resistance, SQTJID, 
and subsize specimens. Of the 
techniques evaluated, harmonic 
generation, resistivity, and subsize 
specimens show the most promise 
for potential techniques for moni- 
toring reduction in fracture tough- 
ness based on testing with a well- 
characterized set of thermally aged 
Inconel 718 samples. Subsize sam- 
ples are being actively pursued as 
an NDE technique based on the 
refinery industry input. Currently, 
subsize sample results are being 

analyzed to determine the optimum 
sample size that provides reliable 
data. Positron annihilation is cur- 
rently being evaluated on a few 
Inconel 718 samples and an addi- 
tional potential NDE technique, as 
part of another LDRD funded from 
FY-95 funds. Collaborative efforts 
were established with both Massa- 
chusetts Institute of Technology 
and Ames Laboratory to leverage 
research dollars and determine the 
applicability of both code develop- 
ment and NDE techniques not resi- 
dent at the INEL. Extensive efforts 
were conducted to establish collab- 
oration with the refinery and NDE 
service industries of the United 
States (see Business Development 
Opportunities for details). 

New or Increased Technical capabilities 

developed from this project will 
allow the INEL to pursue on- 
stream monitoring of operating 
industrial systems at temperature. 
Subsize fracture toughness sample 
techniques capabilities of great 
interest to U.S. industry have been 
developed under this task. The 
INEL is actively involved in the 
DOE/EE-OIT Refinery of the 
Future in the area of lifetime exten- 
sion, as well as currently being 
involved in establishing a national 
plan to address needed research in 
the area of lifetime extension with 
the Pressure Vessel Research 
Council, Materials Properties 
Council, NET, EPRI, other national 
laboratories, DOE-BES, and utility, 
refinery, and chemical industries. 

Business Development Opportunities 
Currently, three business 

development opportunities are 
being actively pursued. A collabo- 
rative effort is progressing between 
Dr. Stan David of Oak Ridge 
National Laboratory and researchers 
at the INEL to develop a proposal 
to submit to DOE/BES as part of 
the 2% initiative effort, with a 

The high-temperature EMAT 

proposal submittal slated for 
December 1995. A proposal for 
lifetime extension has been pre- 
pared, and industrial letters of 
endorsement for that joint industry/ 
national laboratory/university 
have been presented to Dan Wiley 
of DOE/EE-OIT for inclusion in 
the Refinery of the Future projects 
for possible FY-96 start. This pro- 
ject was developed in collaboration 
with Chevron, Shell, Exxon, 
Amoco, Arco, CTI, Inc., Wesdyne, 
Subsea International, Det Norske 
Veritas Industry, Johns Hopkins 
University, and Ames Laboratory- 
Iowa State University. The INEL 
and Chevron are currently negoti- 
ating an industry funds-in project. 
The technical scope of work has 
been agreed upon by both the 
INEL and Chevron technical per- 
formers. Currently, the negotia- 
tions involve the most appropriate 
legal document process to follow 
to complete the agreement. 

Solar Bimodal 
Technologies Demonstration 

LDRD 851 5 

B. G. Miller 

The U.S. Air Force, Phillips Labo- 
ratory, has recently initiated an Inte- 
grated Solar Upper Stage (ISUS) 
Advanced Technology Demonstrator 
(ATD) program to evaluate and 
demonstrate the feasibility of a com- 
bined solar power and propulsion 
upper stage. As part of the ISUS 
ATD, the Idaho National Engineering 
Laboratory and NovaTech, in collabo- 
ration with Phillips Laboratory, have 
been tasked to design, fabricate, and 
experimentally test a near prototypic 
receiver cavity to demonstrate that a 
solar bimodal concept using sensible 
heat thermal storage can produce 
high specific impulse (800 seconds or 
better) at nominal thrust levels. 
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Objectives 

project is to perform a comprehen- 
sive series of energy conversion 
tests on thermionic heat pipe mod- 
ules (THPMs). The design, fabrica- 
tion, and testing of a near proto- 
typic solar bimodal receiver is one 
of the key milestones for the ISUS 
program. 

Accomplishments 
Very early in the design 

process, it became apparent that 
materials selection and perfor- 
mance would be the greatest chal- 
lenge. For most of its operational 
life, the ISUS will operate at tem- 
peratures exceeding 2300K for long 
periods of time in the hard vacuum 
of space. During this time, the test- 
ing events schedule (TES) material 
will undergo numerous thermal 
cycles as the satellite system moves 
into and out of the earth's eclipse. 
Hence, long-tern survivability is a 
critical concern. More challenging, 
however, are the requirements set 
forth by the thruster operation of 
the ISUS. In the end, graphite was 
selected as the TES material owing 
to its high melting temperature, 
high specific heat, low cost, and 
commercial availability. However, 
it is clear that graphite does not 
meet all of the necessary criteria. 
In particular, graphite is incompat- 
ible with hydrogen, and it has a 
rather significant vapor pressure at 
high temperatures. Over the life- 
time of the ISUS, this high vapor 
pressure results in unacceptable 
mass loss. Therefore, while 
graphite meets most of the material 
requirements, it must be coated to 
eliminate hydrogen interaction and 
to minimize carbon evaporation. 

Coating materials must meet 
most, if not all, of the same 
requirements as the TES material 
in addition to being chemically and 
physically compatible with 

The primary objective of this 
graphite. Previous studies on solar 
rocket propulsion systems have 
shown that of the refractory met- 
als, only tungsten and rhenium can 
readily meet the high-temperature 
material requirements outlined. 
Rhenium was chosen due to 
unique thermal and mechanical 
properties which allow it to possess 
high creep strength at high temper- 
ature and remain ductile even at 
room temperature. Equally impor- 
tant is that the coefficient of thermal 
expansion of rhenium closely 
matches that of the selected 
graphite. Rhenium is nonreactive 
in hot hydrogen and has a lower 
hydrogen permeation rate than 
that of tungsten. Finally, the vapor 
pressure of rhenium is only slightly 
higher than that of tungsten result- 
ing in negligible mass loss over the 
life of the system. 

Once the TES and coating 
materials were selected, the design 
and layout of the receiver began. 
In all, two receiver cavities have 
been fabricated. Each receiver rep- 
resents half of the final design that 
would be used on the correspond- 
ing flight system. The other half 
would be the mirror image (mir- 
rored about the rear face). Ther- 
mal hydraulic modeling of the 
baseline receiver design was per- 
formed using the computational 
fluid dynamics code FLUENT 
under nominal conditions of flow 
and temperature. A number of 
experimental studies have been, 
and continue to be, performed to 
evaluate the suitability of various 
coatings for use with the graphite 
TES ground test article. The bulk 
of this effort has centered on ther- 
mal plasma sprayed rhenium as 
the baseline design. 

A first-generation high-temper- 
ature solar receiver cavity has been 
designed and fabricated to meet 
the unique functional requirements 
of a solar bimodal system using 

sensible heat thermal storage. The 
baseline design consists of a rheni- 
um coated graphite cavity which 
approaches a near blackbody. 
Coating of the cavity/TES is 
accomplished using thermal plas- 
ma spray techniques to thicknesses 
of 20 to 30 mils over the entire 
exterior surface. Coupon studies 
have verified the feasibility and 
robustness of the rhenium coating 
to withstand repeated thermal 
cycles and internal propellant pres- 
sures at nominal temperature con- 
ditions without signs of failure. 
These coupon tests have also 
shown that diffusion of carbon 
through the rhenium coating 
occurs readily and matches closely 
the results of previous investiga- 
tors based upon published rheni- 
um-carbon phase diagrams. Fur- 
ther the rhenium-carbon eutectic 
with a melt point of 2778K repre- 
sents a hard upper temperature 
limit for the baseline ISUS ATD 
design. Based upon the results of 
the program to date, the ground 
test portion of this program will 
begin in early June with on-sun 
testing at the PL/E Solar Facility. 

New or Increased Technical Capabilities 
Results of the tests indicate 

that the plasma sprayed rhenium 
exhibits good bond strength which 
is unaffected by thermal cycling 
from room temperature to 2500K 
and back at heating/cooling rates 
of 15K/sec. INEL personnel have 
successfully designed and devel- 
oped prototype receiver cavities. 

Business Development Opportunities 
This project successfully lever- 

aged LDRD funds with funds from 
the United States Air Force ISUS 
ATD Program. We have enhanced 
our potential and value as a part- 
ner with the USAF and will contin- 
ue to perform collaborative 
research work with them. 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



216 National Derived Use Technology Transfer Center 

Weight in Motion Sensor and Develop data acquisition soft- 

LDRD8516 INEL bus lot data. 
Signal Analysis Technology ware to capture and analyze 

Develop an electronic design 
J. G. Rodriguez for signal conditioning. 

Develop a system prototype. 
The INEL has been working with 

the Idaho Transportation Department Accomp2ishments 
(ITD) in developing a new capability 
for a weigh-in-motion (WIM) sensor. 
This WIM sensor is fabricated using 
an inexpensive four conductor cable. 
The WIM cable performs as a strain 
gauge with the output affected by the 
load applied. Customized electronics 
were fabricated to provide signal con- 
ditioning for the data acquisition sys- 
tem and to measure the microstrain 
induced by a vehicle traveling over the 
WIM sensor. The WIM signal posess- 
es two inherent components, strain C 
associated with the vehicle and the 
number of axles the weight is distrib- 
uted over. Measured strain in the 
WIM sensor provides weight and the 
number of axles provides vehicle clas- 
sification. Vehicle classification cou- 
pled with WIM information provides a 
significant discrimination advantage 
currently not available with existing 
commercial available WIM systems. 

Research has concentrated on 
theoretical analysis of pavement 
materials, static and dynamic mea- 
surements of the WIM sensor in the 
laboratory and INEL bus lot with a 
prototype system. In addition, static 
laboratory experiments using an 
instrumented hammer were performed 
to determine the acoustic response 
due to loading. The goal of the theo- 
retical analysis is to gain insight and 
understanding of the experimental 
measurements done in the laboratory 
and bus lot. Static experiments with 
concrete blocks studied the effects of 
loading on the transmission of 
acoustic pulses. 

Objectives 

Theoretically analyze pave- 
ment to a static load to deter- 
mine the location of the mini- 
mum and maximum stresses. 

Test in the laboratory using 
acoustic transmission and 
WIM sensor. 

Idaho National Engineering Laboratory 

Although a truthful theoretical 
model is intractable at this early 
stage of the project, a simplified 
model can provide helpful insight 
and qualitative understanding to 
the problem. The first model we 
looked at was a stationary vehicle 
with the road modeled as a three- 
dimensional half-space with two 
top layers. The contact area 
between the road and each tire was 
assumed to be circular and the 
load pressure was constant. All 
the consequent displacements, 
strains and stresses were then cal- 
culated by using the finite element 
method. From the examples that 
we have studied, this model sug- 
gests the following results. First, 
the spatial locations that seem to 
suffer the largest strains or stresses 
are those located either directly 
under or very closely under the 
center of a wheel. The points that 
have the largest displacement field, 
however, are usually farther from 
the center of the wheel. These 
locations seem to depend on the 
combination of wheel and the rela- 
tive distance between neighboring 
wheels. For example, when an axle 
has a set of dual wheels on one 
side of the vehicle, the points 
under the center point between 
these dual wheels suffer the largest 
displacement. From the cases we 
have calculated, the largest strains 
show up in the second top layer 
while the largest stresses and dis- 
placements show up in the top 
layer. 

We conducted experiments 
with concrete blocks to study the 
effects of loading on the transmis- 
sion of acoustic pulses through 
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concrete. The concrete blocks used 
for the experiments contain no 
aggregate, only course sand. They 
are a standard size, intended for 
use in the construction industry. 
Block dimensions are 76/8 in.- 
wide, 35/8- in. high, and 155/8-in. 
long. 

An Instron Model 4505 Testing 
System was used to load the sam- 
ples. The samples were placed in a 
plywood sand box, so that a layer of 
sand, approximately 1/2-in deep, 
supported the block. The plywood 
holding the sand was 5/8-in. thick. 
The sand box containing the sam- 
ple was supported in the Instron 
by a l/Z-in. steel plate. Loads were 
applied to a cylindrical steel bar 
that was positioned perpendicular 
to the long axis of the block, across 
the 7 5/8-in. side. A diagram of 
the experimental setup appears in 
the figure to the right. 

used to acquire acoustic pulse 
transmission data. An acoustic 
pulse was initiated with the tap of 
a hammer on the end of the block. 
A transducer on the other end of 
the block detected the transmitted 
pulse. The hammer was instru- 
mented with an accelerometer so 
that the shape of the hammer 
impulse would be known. The 
transfer function of the block was 
calculated by deconvolving the 
hammer impulse from the trans- 
mitted pulse. Several loads, rang- 
ing from 500 pounds to 10500 
pounds, were applied in two sets 
of experiments on two nominally 
identical blocks. Measurements 
involved the time series response 
when a variety of loads were 
applied to the two samples. The 
changes in the time series response 
with increasing load are quite 
noticeable and consistent between 
the two samples. The changes in 
the frequency domain response 
with increasing load are also quite 
noticeable. The conclusion from 
this set of experiments is that load- 

A B&K Signal Analyzer was 
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T( 1 

Experimental Setup for Test Conducted to Study Effects of Loading 

ing has a measurable effect on the 
transmission of acoustic pulses 
through the concrete samples. 
However, further investigation is 
needed since this effect may be due 
to changing boundary conditions 
that will not be present as load is 
applied to a concrete roadbed. 

The Bus lot experiments used 
three vehicles; INEL bus, Datsun, 
and a Nova. These bus lot experi- 
ment represent this year completed 
work. This effort included the soft- 
ware development and signal 
conditioning required to capture, 
collect, and analyze, data collected 
using the sensor. 

A portable PC-based data 
acquisition and analysis system 
was developed to support field 
tests of the wire loop sensor. 

Software was developed which 
incorporates a great deal of flexibil- 
ity to permit data acquisition 
under a variety of conditions. 
Analog-to-digital operation com- 
mences when an external trigger is 
received. This trigger comes from 
an infrared motion detector. The 
motion detector is usually posi- 
tioned to detect motion 20 or 30 
feet away from the wire loop. 
Upon initiation, A/D operation 

continues until the first of three 
possible events occurs (a) expira- 
tion of the user-specified time 
limit, (b) exhaustion of extended 
memory, or (c) termination by key 
input from the user. 

oped to process the sometimes 
very large records collected with 
the data acquisition system. Capa- 
bilities include, lowpass filtering, 
windowed FFTs, subsampling, and 
plotting. Times series data as long 
as a million or more samples can 
be operated upon, depending upon 
the amount of available extended 
memory. 

Further work will concentrate 
on integrating the modeling with 
the experimental/field measure- 
ment tasks. The second model and 
technique is just beginning. In this 
approach, the road is considered as 
a two-dimensional half-space with 
one top layer. The surface load, in 
the beginning of this approach, is a 
stationary pressure which is spa- 
tially oscillatory and extends from 
minus infinity to positive infinity 
on the surface. Consequent fields 
(displacement, stress and strain) 
can then be calculated analytically. 
The overall process of this 

Additional software was devel- 

approach is a combination of ana- 
lytical and numerical computation. 
It is hope that a clearer under- 
standing of the pavement dynam- 
ics under load will allow predica- 
tion capabilities. This will provide 
better discrimination and analysis 
of the WIM sensor signal for com- 
mercial vehicle applications. 

New or Increased Technical Capabilities 

has gained a better understanding 
of pavement induced stress/strain 
related to vehicle weight. h l y t i -  
cal modeling of road surfaces 
(pavements) has provided a I and 
unique capability that could be 
beneficial to the ACETS program. 
Also, the WIM LDRD activities 
have provided new partnerships 
with the State of Idaho's Trans- 
portation Department and the Uni- 
versity of Idaho. Classification of 
vehicle type will increase measure- 
ment accuracy, system perfor- 
mance, and provide information 
related to the type of traffic. These 
new features will give State High- 
way Departments nationally essen- 
tial information for highway man- 
agement. Traffic information relat- 
ed to vehicle type and weight gives 
Highway department road load 
usage (capacity), pavement reliabil- 
ity design, vehicle weight enforce- 
ment, and maintenance guidance. 

Business Development Opportunities 
Current efforts have been to 

develop partnerships with ITD, the 
University of Idaho, and Federal 
Highway Administration. This 
relationship will assist in develop- 
ing new business and obtaining 
commercial partnerships by allow- 
ing the INEL to install and test this 
sensor design on an existing road 
way. Companies selling commer- 
cial WIM systems will also be 
solicited in the future. The suc- 
cessful implementation of this pro- 
totype design will demonstrate the 
overall robustness of the system as 
a viable commercial product. 

During this project, the INEL 
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Communications Spectrum 
Needs for Short-Range 

Intelligent Vehicle Highway 
Systems 
LDRD 851 7 

W. R. Croxford, A. A. Anderson 

Many IVHS applications and 
advanced transportation applications, 
such as multimodal, emergency, and 
automated port-of-entry will use dedi- 
cated frequencies for short-range 
communications. The optimum fre- 
quencies for these applications are 
not well understood. In order to 
deploy these systems and new tech- 
nologies more effectively, an analysis 
of spectrum characteristics is needed. 
Short-range communications between 
roadside and vehicles can be a relia- 
bility problem, particularly for the 
transmission of data and information. 
This is a recommended research prob- 
lem by IVHS America and FHVVA. 
The project is in support of transporta- 
tion initiative (Management Integration 
of National Energy Strategy) and the 
State of Idaho Out-of- Service Testing 
Program. Follow-on field testing is 
proposed for FY-96. 

and determine spectrum needs for 
short-range IVHS communications. 
This research will explore which fre- 
quencies are appropriate for short- 
range communications for specific 
IVHS applications, including State of 
Idaho storm warning and out-of-service 
operational tests. The results will be a 
recommended frequency or spectrum 
for each application and for follow-on 
tests. 

Potential benefits include 
increased reliability of data transmis- 
sion for radio frequency (RF) short- 
haul applications (between roadside 
and vehicle), reduced need for multi- 
ple antennas on vehicles, support to 
transportation initiative, and support to 
the State of Idaho service testing pro- 
gram. 

The major objective is to evaluate 

Objectives 

0 Recommend suitable frequen- 
cies and technologies for RF 

shorthaul communications 
between vehicle and roadside. 

Recommend frequencies for 

Discuss findings with organi- 

Prepare a final report. 

Accomplishments 

tics were determined for each 
IVHS application for short-haul 
communications between vehicle 
and roadside. The IVHS applica- 
tions considered were emergency 
(Mayday), advanced traveler infor- 
mation system (ATIS), navigation, 
electronic credentials, and out-of- 
service information. Characteris- 
tics considered were RF distance, 
message length, data rate, frequency 
band, bandwidth and communica- 
tions protocol. 

characteristics of different tech- 
nologies and frequencies available 
for short-haul communications 
(one mile or less). Current radio 
technologies and associated fre- 
quencies investigated were as 
follows: Land Mobile Radio (Nar- 
rowband), Spread Spectrum Radio 
(Wideband), Cellular Telephone, 
Personal Communications Systems 
(PCS), Broadcast transmitters, €€F 
Shortwave Radio, Satellite (GPS) 
and microwave radio. 

Analysis of frequency bands 
were conducted from 9 Khz to 400 
Ghz for urban, suburban, and rural 
roadside environments for applica- 
tion to short-haul communication,s 
including those frequencies already 
assigned to IVHS (220 M h z  and 
902 to 928Mhz). Issues of interfer- 
ence, atmospheric conditions, 
trafflc obstructions were consid- 
ered in the analysis. Frequency 
issues for short-haul RF include 
trafflc obstructions (moving and 
stationary), multipath due to 
and moving objects (Rayleigh Fad- 
ing), multipath due to reflections 

follow-on testing. 

zations and companies. 

Communications characteris- 

Research was conducted on the 

from large objects, RF shadowing, 
noise, RF interference and absorp- 
tive losses (oxygen, dust and water 
vapor). 

RF prediction techniques and 
models were used to study fre- 
quency and propagation require- 
ments. Models used include 
Bullington's model, Epstein and 
Peterson's model, Picquenard s, 
Okumara' s model, Longley-Rice 
and Ray Tracing. The results of 
the study show the most favorable 
frequency bands for short-haul 
communications are 400 to 900-Mhz 

Wideband spread spectrum radio 
in the 400 to 900 Mhz band is 
recommended. 

New OT Increased Technical Capabilities 
Frequency and propagation 

studies have been used to support 
the State of Idaho Out of Service 
project. Follow-on frequency tests 
are needed in FY-96 to verify 
analysis results. 

Business Development Opportunities 
Three patent ideas as a result 

of studies are being pursued. Two 
regard on-vehicle antennas, one is 
a Ray-Trace method for radio 
propagation studies. Further in- 
field testing needs to be conducted 
in FY-96 to confirm study results. 

We responded to an invitation 
to make a presentation to the 
August 1995 rvHS America 
Telecommunications Committee 
meeting. 

and 2.4 to 4.0-Mhz HF bands. 

Developing a Nonlinear 
Electromagnetic Modeling 

Capability Using the 
Finite-Diff erence Ti me 

Domain Method 
LDRD 8518 

D. A. Frickey 

The advent of laser technology 
has brought with it the emerging sci- 
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ence of nonlinear optics. When the 
intensity (electromagnetic energy) is 
great enough, nonlinear phenomena 
are induced. These nonlinear phe- 
nomena have presented almost unlim- 
ited possibilities for the development 
of new technologies. However, the 
nonlinear nature of this wave propaga- 
tion has made analysis almost impos- 
sible in all but the simplest cases. For 
this reason, computer simulation is a 
potentially invaluable tool for the 
analysis and synthesis of nonlinear 
optical processes. 

The finite-difference time-domain 
(FDTD) method is a computer simula- 
tion method which has been used in a 
wide variety of electromagnetic simu- 
lation problems. Because of the 
simplicity of the method, it has shown 
remarkable flexibility in simulating 
physical phenomena. This method, 
however, has mainly been restricted 
to one or two dimensions. The reason 
is that the computational intensity 
limits the size of the physical space 
that can be simulated. 

The first goal of this project was 
the development of a true, three 
dimensional simulation of a fiber optic 
cable. The limitations on size were 
overcome by the development of a 
new boundary condition which sub- 
stantially reduced the problem space. 
It was determined that a meaningful 
simulation could only be achieved by 
initializing the problem with stable, 
guided modes, thus reducing the 
length of optical fiber to be simulated. 
This brings the problem within the 
capabilities of today's supercomputers. 
A three-dimensional simulation pro- 
gram would make possible a system- 
atic study of nonlinear switching mech- 
anisms, an enormous advantage over 
laborious trial and error experiments. 

Objectives 
The development of software 
to simulate pulse propagation 
in a fiber optic cable. 

The simulation of nonlinear 
switching mechanisms in a 
fiber optic cable. 

Accomplishments 

ties were developed toward the 
simulation of nonlinear switching 
mechanisms in a fiber optic cable. 
A basic simulation of a three- 
dimensional cable was achieved. 
This was made possible by the 
development of a new boundary 
condition which substantially 
reduced the amount of computer 
resources needed. Standard meth- 
ods to date have needed to use 
huge numbers of cells over which 
to calculate, which overwhelms 
even today's supercomputers. 

the dielectric constants of the core 
and the cladding, determines 
which modes can propagate. It is 
also the core which contains the 
nonlinear material, so it is the area 
of primary interest. The cladding 
cannot be ignored, however, 
because a substantial portion of 
energy, in the form of an evanes- 
cent wave, is still a part of the 
propagating pulse. 

be done to substantially reduce the 
transverse portion of the FDTD 
space. First of all, it can be 
assumed that the background 
medium of the problem space is 
the dielectric constant of the 
cladding. The boundary between 
the cladding with thefiee space out- 
side plays no role in the simulation 
because none of the energy reaches 
this boundary. Second, even 
though there is an evanescent 
wave in the cladding, it decays 
rather rapidly. If the problem 
space can be truncated in such a 
way that the evanescent wave is 
absorbed without impact on the 
rest of the wave, then the size of 
the problem space can be substan- 
tially reduced. 

Fortunately, a recent develop 
ment in FDTD has made such a 
truncation possible. The Perfectly 
Matched Layer (PML) was devel- 

Computer simulation capabili- 

The size of the core, along with 

There are two things that can 

oped as a means of absorbing any 
outgoing waves in an FDTD calcu- 
lation without reflecting spurious 
components back into the problem 
space. This PML was modified 
and adapted to the problem of 
modeling an optical fiber. Now, as 
few as 10 cells outside the core 
should be necessary to model the 
evanescent portion of the wave. 
With this, the transverse dimension 
of the problem space is reduced 
substantially 

New or increased technical capability 
The simulation methods devel- 

oped during this project form a 
basis for the field of nonlinear opti- 
cal simulation. 

Business development opportunities. 
This project involved no con- 

tact with private business. Further 
development of this simulation 
capability could support ongoing 
projects at INEL or lead to new 
projects which may have future 
commercialization possibilities. 

Electrochemical-based 
Processing Technologies 

LDRD 8614 

D. F. Glenn, J. K. Partin 

The objective of this project is to 
develop new electrochemical-based 
processing technologies. During FY-95, 
two novel electrochemical processes 
were investigated: electrochemical 
synthesis of powdered metals at an 
Ice electrode and laser-assisted elec- 
trosynthesis. 

The ice electrode is a metal sub- 
strate coated with a thin layer of ice. 
It has been shown that metal powders 
can be produced by electrodeposition 
in and on this layer of ice. The benefits 
of powdered metal production at an 
ice electrode are the ability to produce 
unique powder shapes and continu- 
ous metal production as a result of the 
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distinctive nature of the ice electrode. 
Laser-assisted electrosynthesis is 

a technique in which the working electrode 
in a synthesis cell is irradiated with 
laser beam during an electrochemical- 
ly driven reaction. By increasing the 
electrochemical reactivity of specific 
bonds with laser irradiation unwanted 
side reactions were reduced and prod- 
uct yields increased. The process 
will, therefore, increase energy effi- 
ciency and reduce the cost associated 
with separating products from by- 
products. In addition, the process 
could provide a technique to synthe- 
size new specialty chemicals and 
pharmaceuticals. Development offers 
the possibility of an extraordinary 
advance in the competitive position of 
the U.S. chemical and pharmaceutical 
industries. 

Objectives 

Electrochemical synthesis 
Demonstrate a new electro- 
chemical process to produce 
metal powders. 
Produce metal powders having 

uniform shape and size distrib- 
ution. 
Explore new uses for ice coated 
electrodes. 
Laser-assisted Electrosynthesis 
Investigate the effects of laser 
irradiation on organic elec- 
trosynthesis reactions. 
Demonstrate proof-of-principle 
for this process. 

Accomplishments 
In FY-95, the following experi- 

ment was used to demonstrate 
proof-of-concept of Laser-assisted 
Electrosynthesis. The electrochem- 
ical oxidation of p-aminophenol in 
aqueous acid was carried out on a 
rotating disk electrode. The oxida- 
tion was carried out without laser 
irradiation and with the electrode 
irradiated at two different wave- 
lengths (10.6~ and at 2.99~) .  

The effect of laser irradiation 
on the reaction products is shown 
in the figure below. The product 
of the reaction at the non-irradiated 

YO2 

OH 

OH 

p-Arninophenol 

H O  
(proposed structure) 

Electrochemical Oxidation of p-aminophenol 

electrode is benzoquinone. With 
the electrode irradiated at 2.99 m, 
the reaction product was deter- 
mined by GC/MS to be p-nitro- 
phenol. Laser irradiation at 10.6m 
during electrolysis produced a pur- 
ple precipitate believed to be 1,4 
bis(4hydroxyanilino)-p-benzo- 
quinone. While the exact structure 
of the 10.6m product has not yet 
been confirmed, it is clear that laser 
irradiation of the electrode during 
an electrosynthesis reaction can 
and does influence the direction 
taken by the electrochemical reaction. 

The results of the these proof- 
of-concept experiments demon- 
strate the tremendous potential of 
combining laser irradiation with 
electrochemistry. The results indi- 
cate that it may be possible to dial- 
a-product simply by changing the 
laser wavelength. However, these 
results leave a myriad of unan- 
swered questions concerning exact- 
ly how the laser alters the normal 
mechanism of the reaction and 
how to best utilize the laser irradi- 
ation to obtain a desired product. 
These questions will be addressed 
during the FY-96 efforts. 

Electrochemical Synthesis of Pow- 
dered Metals at an Ice Electrode 

To demonstrate the synthesis 
of powdered metals, a small scale 
laboratory apparatus was con- 
structed that would allow a thin 
layer of ice to be formed and main- 
tained on a metal substrate. Initial 
ice formation resulted in a frost- 
like ice that consisted of a network 
of ice dendrites and unfrozen solu- 
tion. In and on this surface a vari- 
ety of metals were electrodeposited. 

Copper was continuously elec- 
trodeposited at the ice-coated elec- 
trode from a quiescent 0.1 M 
CuSO4 solution at a constant poten- 
tial of -1.5 V. Deposition was initi- 
ated 2 min. after the initial forma- 
tion of ice on the metal substrate. 
Immediately upon application of 
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the potential, a grainy, copper-col- 
ored coating appeared in and on 
the ice layer. The cooling rate was 
then adjusted so that the thickness 
of the ice layer remained constant 
during deposition. 

This experiment demonstrates 
that powdered metals can indeed 
be produced at an ice coated elec- 
trode. The shape and size of the 
powdered metal can be controlled 
by pulsing the applied potential 
and varying the length of the 
pulse. Some of the metal particles 
obtained during these experiments 
are unique. These metal powders 
are currently being test to deter- 
mine their catalytic properties. 

New m Increased Technical Capabilities 
For the INEL, the development 

of new electrochemical processing 
technologies offers the potential for 
strengthening the laboratory's 
intellectual property portfolio and 
expanding its customer base. For 
powder metal production, the ice 
electrode offers the potential of 
developing a continuous produc- 
tion process with the ability to con- 
trol the shape and size of the pow- 
ders produced. For Laser-assisted 
Electrosynthesis, the FY-95 results 
clearly demonstrated the enormous 
potential of Laser-assisted processing. 

In the chemical, metals and 
pharmaceutical industries, a new 
process for producing a product 
and new synthesis routes to that 
product are always patentable. 
These patents often produce size- 
able returns on investment. Patents 
derived from the Ice Electrode 
process (U.S.  Patent 5,200,054) and 
Laser-assisted Electrosynthesis 
(EGG-PI-708) could, therefore, 
form the basis for several spinoff 
businesses and provide a royalty 
stream to the INEL. 

Business Development Opportunities 

contacts have been initiated. 
To date, no external business 

Nonaqueous Processing in 
the Textile Industry 

LDRD 8616 

e 

e 

W. A. Propp, M. D. Argyle, 
A. G. Chambers 

e 

The major objective of this project 
is to develop nonaqueous processes 
for application in the textile industry, 
particularly in the sizing process. It is 
anticipated that these processes will 
both improve the competitiveness of 
the US.  industry and result in signifi- 
cant waste minimization at the same 
time. This project has been organized 
using a multidisciplinary team com- 
posed of scientists and engineers. An 
integrated technical approach was 
employed based on the systems engi- 
neering approach successfully used 
by the collaborators not only for other 
projects here at the INEL, but also in 
support work conducted at Rocky 
Flats for environmental remediation. 
The final results of this project were 
anticipated to be nonaqueous 
processes applicable to the textile 
industry that would be more efficient, 
potentially produce higher quality 
products, and produce significantly 
less waste than those used currently. 
Thus, overall, these processes would 
reduce costs and improve competi- 
tiveness of the U.S. industry. 

Objectives 

As originally funded, this 
phase of the project would consist 
of laboratory studies to evaluate 
the solubility of selected sizing 
agents in supercritical fluid (SCF) 
carbon dioxide and generate the 
solubility information required for 
laboratory-scale process engineer- 
ing studies to be carried out in 
later phases. After the project was 
initiated, management redirected it 
to achieve the following objectives: 

Conduct sufficient laboratory 
studies to support developing 
a proposal for submittal to the 
AMTEX Slashing Initiative. 

e 

Interact with industry, other 
DOE laboratory personnel, and 
others involved in AMTEX. 
Develop a conceptual design 
for a slashing process using 
SCF carbon dioxide-based sol- 
vent systems. 
Conduct proof-of-concept 
studies of the slashing process 
to support preparation of a 
patent application for the 
technology. 
Prepare and submit a patent 
application for the technology. 

Accomplishments 

technical objectives. The proposal 
submitted as part of the objectives 
was endorsed by the industry part- 
ners of AMTEX and was selected 
for funding as part of the Ah4TEX 
Slashing Initiative. However, the 
initiative was a victim of the cur- 
rent budget cuts, so funding was 
never received even though 
authorized. 

reduce the INEL technology con- 
cept to practice were successful. 

A patent application covering 
the proposed technology was sub- 
sequently filed. 

New or Increased Technical Capabilities 
There have been no long-term 

benefits to the INEL from this 
project. The expertise developed 
from this project has not been 
considered for use on other similar 
projects currently underway at the 
INEL. Internal funding for follow- 
on work related to other textile 
industry processes has not been 
forthcoming. As a result, project 
personnel have all returned to their 
home organizations for reassign- 
ment. No further future work in 
this area is anticipated. 

Business Development Opportunities 
As indicated above, industry 

was very supportive of the INEL 

This project met all of its FY-95 

The proof-of-concept studies to 
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slashing concept. However, no 
specifics are available at this time. 

Offline Manufacturing 
Simulation 

LDRD 8708 

G. A. Cordes, J. M. Zabriskie, 
J. W. Rhudy 

This project demonstrated that 
PC-level microcomputer software can 
be used for graphical offline program- 
ming and simulation. User screens 
and interface software allow the non- 
expert user to retrieve design informa- 
tion from a data file, look at the design 
in a visualization package, generate 
code for the EMCO milling machine, 
mill the parts, pass the design file to 
the Macintosh platform, generate code 
for the CRS 7-axis robot, and perform 
a weld simulation using the robot and 
the parts. A more expert user can 
create a MASTERCAM design file 
within the same environment. 

Robots and numerically controlled 
machine tools for welding and other 
manufacturing tasks are generally pro- 
grammed on-line- taught appropriate 
motions one step at a time, using the 
actual parts to be handled as models. 
Off line programming is more efficient, 
because these time-consuming teach- 
ing steps can be compressed, and it 
can also use part models that exist 
only electronically, such as CAD rep- 
resentations, to test the manufacturing 
viability of a design, and to store and 
modify complex programs for a variety 
of parts. 

manufacturing facilities exist in the 
U.S. Typically, these facilities are 
equipped with PC-level (IBM, Apple) 
computers and employ machinists and 
lower-level engineering personnel. 
The project will bring offline program- 
ming and simulation into this CAD/ 
CAM environment to provide efficiency 
in the work cell without requiring a 
high level of CAD/CAM expertise from 
the staff or the use of expensive soft- 
ware and hardware. 

An estimated 30,000 small scale 

Objectives 
Determine file transfer require- 
ments. 

Implement input operations. 
Implement robot control. 
Select test object and imple- 
ment offline cycle. 

including the final report and a 
video. 

Prepare documentation, 

Accomplishments 

all the objectives listed above and 
completed a demonstration of 
offline simulation and manufactur- 
ing using PC-level microcomputer 
software. The demonstration soft- 
ware and hardware remains in 
place and operational for technical 
tours. A video of the demonstra- 
tion is available for off-site presen- 
tations. 

Major accomplishments were 
identification of off-the-shelf soft- 
ware most appropriate for the 
application and the laboratory 
work cell; identification of the file 
transfer techniques that are effec- 
tive in moving design files and 
machine code among the IBM PC, 
the EMCO mill, the Macintosh, and 
the CRS 7-axis robot; development 
of user interface software for the 
robot movements; and the success- 
ful demonstration of non-trivial 
milling and assembly of two parts 
using all elements of the software 
and hardware involved in the 
research. A process flow diagram 
was developed involving file trans- 
fer paths among the various com- 
puters, software packages, and 
manufacturing machines. 

be milled was constructed using 
CAD software and then transferred 
to both a computer aided manufac- 
turing system and to the robot con- 
trol program for use in placement 
of the parts and assembly on the 

This project successfully met 

The 3-D model of the parts to 
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robot work table. The design mod- 
els were created using several 
CAD programs, including Auto- 
Cad and MASTERCAM and were 
exported in a portable DXF format 
for use in the machining operation. 
The models were used to generate 
machine code to operate EMCO F1 
mill through postprocessors sup- 
plied by CNC Software Corpora- 
tion. The machine command 
sequences were transferred from 
an IBM PC through a communica- 
tions link to the EMCO milling 
machine where the parts were con- 
structed. The same DXF model 
files were also transferred to a 
Macintosh where they were used 
as a basis for the offline manipula- 
tion of the CRS robot. 

Software was developed in the 
CAD package programming lan- 
guage to allow a user to automati- 
cally generate a file of robot 
instructions for tool and part posi- 
tioning operations and a file of 
named locations in space. Both 
files are then downloaded to the 
robot for use. The advantage of 
using named locations allows ref- 
erences to parts and positions 
regardless of the specific workcell 
arrangement. The workcell can be 
rearranged, or even the process 
shifted to a completely different 
workcell, and the program will still 
run perfectly. Although the soft- 
ware developed is unique to the 
CAD program and the robot con- 
troller with respect to syntax, the 
methodology and procedure are 
universal to this type of applica- 
tion. Revision to allow operation 
with different CAD programs and 
robot controllers is a straightfor- 
ward matter. 

oped to allow an operator to con- 
trol the robot via an intuitive 
graphical interface, removing 
dependence on the restrictive teach 
pendant or command line terminal 
methods. The software was built 
in Hypercard. In the indirect 

Additional software was devel- 
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mode, the programs can be run 
independently of the computer 
interface. 

oped for generating computer ani- 
mation sequences (QuickTime 
movies) from robot time history 
information. This is accomplished 
by periodically recording robot 
joint encoder positions with time 
stamps. 

The demonstration began with 
creation of the design files and 
visualization of the milling process 
(shown in the figure below). After 
generation of the milling machine 
code, two parts fitting into the 
other were machined. Part B was 
milled with the recessed design to 
accept the projected design of Part 
A. The demonstration continued 
with transfer of the design files to 
the 3-D CAD package on the Mac- 
intosh and user generation of the 
assembly commands . The assem- 
bly commands were transferred to 
the robot memory. To complete 
the demonstration, the CRS robot 
selected the gripper tool from the 

A procedure was also devel- 

storage holders, picked up and 
moved Part B into position, then 
picked up Part A and assembled it 
with Part B. The gripper tool was 
then returned to its storage posi- 
tion. The project video illustrates 
the demonstration. 

New m Increased Technical Capabilities 

A capability was developed to 
design parts using MASTERCAM 
on an E M  PC and successfully 
machine the part on the EMCO F1 
mill after first visualizing the fin- 
ished part. This capability has 
been in demand by other projects. 
The INEL now has the ability to 
use design files from the MASTER- 
CAM package as input to the 3-D 
CAD package and program the 
CRS 7-axis robot through a user 
interface and computer network 
interface with the opportunity to 
obtain feedback from the robot on 
its movements. The capability to 
freely transfer parts design files in 
appropriate computer file formats 
is also new, as are the alternate 
modes for programming the robot. 

Machined Part A, with Visualization of the End Mill and Tool Paths 

Business Development Opportunities 

Two industrial contacts were 
made during the course of the 
year, Lockheed Martin Missiles 
and Space (LMMS) and NewFocus. 
LMMS, Missiles Systems Division, 
is researching agde manufacturing 
under a variety of funding sources 
including ARPA and internal bud- 
gets. We will continue this contact 
in the coming year because of their 
interest in linking with small busi- 
nesses, including electronic trans- 
fer of machine and part design 
data files. New Focus is a small 
business in Sunnyvale, California 
that manufactures and markets 
photonics tools. Under ARPA 
funding they are researching 
offline simulation and manufactur- 
ing for their robot and milling 
machine. During FY-96 they will 
visit INEL and discuss opportuni- 
ties for future collaboration and 
joint work. A software disclosure 
was submitted to the Technology 
Transfer Office. 

Spray Forming Titanium 
into Billet and Sheet 

LDRD 8712 

A. D. Watkins 

The process of reducing titanium, 
melting sponge, remelting, forging 
large ingots, and rolling to produce 
sheet has high fixed costs. Develop- 
ing technology that can circumvent 
part of this process will lower fixed 
costs and allow titanium to enter new 
markets (e.g., automotive). Spray 
forming billet and sheet directly from 
molten titanium is one technique that 
will lower fixed costs considerably by 
eliminating ingot casting and subse- 
quent forging operations. Spray form- 
ing of titanium alloys is accomplished 
by atomizing a molten stream of metal 
and directing semi-solid particles onto 
a substrate. This project addresses 
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refitting improving the gas atomizer for 
superior titanium spray followed by 
micro-characterization of the sprayed 
material. 

The development of process 
equipment to spray titanium initially 
started by designing a cold wall cru- 
cible spray system using existing 
spray casting equipment and a small 
cold wall crucible that had a capacity 
to melt only 10 lb of titanium. Tests 
using this equipment and a 100 kW 
power supply were run to try and melt 
a solid rectangular charge of titanium 
weighing approximately 10 Ib. The 
titanium charge was partially melted, 
but the equipment was unable to fully 
melt the charge in the crucible. Power 
input limitations to the charge during 
melting were experienced that neces- 
sitated design changes. 

A larger diameter chamber was 
built that had a larger working area. A 
20" diameter cross was added to the 
middle of the spray forming chamber. 
This allowed the addition of a linear 
slide that incorporated a heated pre- 
form. A larger cold wall crucible 
assembly was also designed and built. 
A new 150 kW induction power supply 
was installed and tested. These initial 
tests indicated that a SCR and diode 
failed on startup of the power supply. 

Objectives 
Refit the inert gas atomizer 
with a new die and cold-wall 
crucible. 

pray titanium onto a drum 
substrate. 
Analyze microstructure of 
sprayed titanium. 
Spray LCB alloys on linear 
substrates. 
Investigate spray forming 
system. 
Analyze microstructure of LCB 
spray deposits. 

Accomplishments 
The gas atomizer at the INEL 

Research Center was refitted with 
cold wall crucible technology. The 

figure below shows a schematic of 
the gas atomizing equipment and 
the cold wall crucible with atomiz- 
ing die that were used for these 
tests. Titanium is a very reactive 
metal especially at high tempera- 
tures. The wall of the crucible is 
internally cooled by water allow- 
ing titanium to solidlfy against the 
crucible wall, thus creating a buffer 
layer to reduce contamination 
between the crucible wall and the 
molten titanium. As the inductive 
field is applied around the cru- 
cible, molten titanium from the 
molten center fills the lower noz- 
zle. Another inductive field is 
applied to the nozzle which main- 
tains the titanium in its molten 
state and allows a molten stream to 
flow out of the nozzle into the 
atomizer die. Gas jets in the atom- 
izer die impinge onto the molten 
stream of titanium causing the 
stream to break-up into small 
droplets and to be deposited onto a 
solid substrate. 

Initial tests only partially melt- 
ed the titanium charge and 
revealed several design and opera- 
tional problems: 

That the magnetic field partially 
coupled with the chamber wall 
of the gas atomizer. This 
raised the temperature of the 
wall to well over 100°C and the 
experiment was terminated 
before the inert atmosphere 
was lost due to O-ring seal 
degradation. 
That there was an imbalance 
between the coil design and 
the load on the power supply. 
This severely limited the 
amount of power that could be 
coupled with the titanium 
charge and resulted in a par- 
tially melted charge of titanium. 

Several coil designs were tried 
that resulted in only marginal 
gains in the amount of energy that 
was coupled to the titanium 
charge. This series was terminated 

Tank pmssure 

Crucible temperature 

U1U 

Gas Atomizer Located at the INEL Research Center 
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because of the power supply that 
was being used was moved to the 
May Street Facility. 

Another cold wall crucible, 
that had different dimensions, was 
fabricated and built to increase the 
magnetic coupling with the titani- 
um charge and reduce the coupling 
with the atomizer wall. A new 
150-kW power supply was pur- 
chased. Initial test on the power 
supply indicated that there were 
problems with an SCR and diode 
in the main power circuit. A requi- 
sition for these parts was submit- 
ted, but in order to reduce indirect 
spending the order was not placed 
with the power supply manufacturer. 

New or Increased Technical Capabilities 

With the installation of the 
cold-wall crucible, the INEL now 
has the capability to melt and 
atomize reactive metals, such as 
titanium, vanadium, niobium, and 
silicon. This capability is not only 
needed for spray forming and 
atomization of reactive metals such 
as titanium, but also serves as a 
test bed for casting and refining 
these metals. 

Business Development Opportunities 
The thrust of the spray forming 

process is to exploit the need for 
light weight material in transporta- 
tion applications. The develop- 
ment of low cost titanium process- 
ing technology is of particular 
interest to the automotive industry, 
and collaboration with the U. S .  
Automotive Materials Partnership 
(US A M P )  will be initiated. Gener- 
al Electric Corporate Research & 
Development, Crucible Research, 
and Rohr Inc. have all expressed 
interest in titanium spray forming. 

Industrially Compatible 
Laser U It rason i cs 

LDRD 8806 

K. L. Telschow, R. T. Allemeier, 
T. C. Chatters, J. Lee 

The use of laser sources and 
detectors for ultrasonic measurements 
of materials is gaining acceptance for 
nondestructive evaluation both during 
and after processing. Work at INEL 
has shown how this technique can be 
implemented in industrial circum- 
stances on materials with rough and 
highly absorbing surfaces. This mea- 
surement method offers fully noncon- 
tacting capability, high speed and 
exceptional flexibility, all factors that 
lend it very desirable for in situ 
process monitoring and control. How- 
ever, currently only laboratory setups 
are available for demonstrating the 
applicability of the technique to 
process monitoring. This is not suffi- 
cient, as industry would like to see the 
technology used at their facilities 
before committing funds for capital 
and labor training. Both the genera- 
tion and detection methods can be 
made portable and compact for appli- 
cation in many processing situations 
by using laser diode systems. This 
project has investigated the use of 
laser diode systems for detection with 
the goal of developing a system suit- 
able for demonstration in industrial 
facilities. The work has resulted in a 
small unit driven by a compact laser 
diode pumped solid state laser. The 
performance of this unit has been 
measured and the sensitivity deter- 
mined to be better than 10-4 nrn/Hr1/2 
collecting 100 pW of light reflected 
from the material surface. The unit is 
usable from 0.5 MHz to above 50 MHz. 

Objectives 
Determine laser system suit- 
able for portable operation. 

Redesign laboratory setup into 
a compact rugged unit. 
Fabricate the interferometer 
feedback control stabilizer. 
Account for instrument vibra- 
tions and alignment require- 
ments. 
Test and calibrate instruments. 

Accomplishments 
The approach that has been 

chosen is based on using a self- 
beating interferometer of the confo- 
cal Fabry-Perot design. This 
approach uses all the speckles 
recovered from the sample surface 
reflection and can be used on 
rough surfaces. A long coherence 
length laser is focused onto a 
vibrating material surface. The 
reflected beam is phase modulated 
by the ultrasonically moving sur- 
face resulting in a very small 
Doppler shift in frequency, propor- 
tional to the surface velocity. A 
rough surface finish produces a 
diffusely reflected beam containing 
many speckles that is collected and 
fed into the interferometer. The 
Fabry-Perot interferometer essen- 
tially causes interference between 
each speckle and itself, such that 
the output from all the speckles is 
modulated in the same way by the 
ultrasonic motion. The main diffi- 
culties of this approach are (a) 
obtaining a suitable laser, (b) main- 
taining the interferometer tuned to 
the unshifted laser light frequency, 
and (c) collection of the scattered 
light and channeling it through the 
interferometer. 

The experimental setup for 
ultrasonic detection using the 
Fabry-Perot interferometer is 
shown in the figure on the top of 
the following page. Several differ- 
ent solid state lasers were evaluat- 
ed for this project. The first was a 
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Laser Ultrasonic Detection Setup Using a Fabry-Perot Interferometer 

low-power laser diode that did not 
possess the required coherence, 
although single mode behavior 
was observed. The next choice was 
a laser diode driven optical diode 
amplifier combination produced by 
Spectra Diode Inc. This laser had 
high power (700 mW, 980 nm), sin- 
gle frequency behavior and a mod- 
erate coherence length. However, 
it displayed a large phase noise 
such that it could only be used at 
very low frequencies. Operation 
was demonstrated at acoustic fre- 
quencies of less than about 50 KHz 
by passing the beam through the 
sound wave radiation from a loud- 
speaker at distance of 60 cm. Laser 
noise prevented application at 
higher ultrasonic frequencies. 

A new laser system employing 
a laser diode to pump a solid state 
laser (Nd:YAG) has been obtained 
from Lightwave Inc. These lasers 
became in 1994 and exhibit very 
long coherence lengths and low 
phase noise. These lasers are 
expensive yet, but offer the charac- 
teristics needed for portable ultra- 
sonic measurement as outlined 
here. A model 126,1064 run single 
frequency 500 mW laser was pur- 
chased with a linewidth of less 
than 10 KHz. This laser has 
proven to be well matched for our 
application. It is small, about 
3x3~6 cu inches, solid state, and 

very stable. Its only drawback is 
operation in the near infrared 
(invisible) with a lower sensitivity 
due to the longer wavelength than 
the argon laser (514 nm) used con- 
ventionally. A contact piezoelec- 
tric transducer (10 MHz)  generated 
and detected ultrasonic waves in a 
plate of Inconel, 6-mm thick, from 
the back side. The detection of 
ultrasonic motion at a surface was 
simulated by phase modulating the 
laser beam with an electro-optic 
modulator that could be sinewave 
driven up to about 60 MHZ.  In this 
manner the entire system response 
could be accurately measured as a 
function of frequency and ultrason- 
ic surface displacement. This 
phase modulator produces a shift 
corresponding to a displacement of 
91 nm/volt input. The signal to 
noise ratio is about 2000 at 10 MHz 
for the spectrum analyzer band- 
width of 1 KHz. This results in an 
overall ultrasonic displacement 
sensitivity of about 10-4 nm/dHz. 
For wideband operation, this corre- 
sponds to about 3 nm sensitivity 
for 10 MHz bandwidth, commonly 
used in ultrasonic measurements. 
This is adequate sensitivity for 
many ultrasonic applications 
where noncontact portability is 
required. Personnel contributing 
to this project included both princi- 
pal investigators, a postdoctoral 

appointee, and an electronics tech- 
nician. Major equipment items, 
such as the laser power supply, 
high power laser diode and inter- 
ferometer optics, were purchased 
from other programs that will uti- 
lize this technology for on-site laser 
ultrasonic demonstrations and 
evaluations. 

New or Increased Technical Capability 
This project has been success- 

ful in reducing the size of the con- 
ventional laser ultrasonic detection 
system to a size of about 1 X 0.5 X 
2-cu feet in a manner that is robust, 
stable and portable. It does not 
require an optical table or special- 
ized vibration isolation equipment. 
It can be operated like other pieces 
of portable electronic equipment. 
This is a new capability for INEL. 
Field uses are now possible for 
laser ultrasonic detection from 
materials with rough surfaces 
using this device. 

Business Development Opportunities 

the needs of many industrial part- 
ners for on-site demonstration of 
laser ultrasonic measurement capa- 
bility. The device developed on 
this project will be used at several 
industrial sites under allied pro- 
jects., including Molten Metal 
Depth Sensing, a CRADA consor- 
tium including Retech, Viking Met- 
allurgical, General Electric, Tele- 
dyne Wah Chang, Teledyne Allvac, 
and Axel Johnson; NDE of Super- 
conductors, a DOE-BES project 
including IGC Advanced Super- 
conductor and American Super- 
conductor. Development of this 
technology for the microelectronics 
industry is also underway through 
a CRADA with Simpex Technolo- 
gies of California. Capabilities of 
this device are being considered for 
use in potentially new projects and 
proposals involving Howmet Cor- 
poration for in situ monitoring of 
the metal casting process and by 

This project has been driven by 
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Harvest Technologies Co. and 
Phillips Petroleum for in situ moni- 
toring of hydrocarbon deposits 
during the refining process. 

Optimization of Automobile 
Component Shapes 

LDRD 9508 

M. D. Landon, R. W. Johnson 
~~~ 

Optimization is a mathematical 
science that can be applied to engi- 
neering design to modify existing or 
initial designs to maximize petfor- 
mance; because the optimization and 
analysis of the design are computer- 
based, the potential for shortening the 
design cycle is great. We call this 
technology Engineering Design Opti- 
mization. Engineering Design Opti- 
mization (EDO) is still an emerging 
technology and is not nearly as wide- 
spread as it should be. The overall 
goal of this project was to apply ED0 
to internal fluid flow and heat transfer 
problems of interest to the automobile 
and other industries to demonstrate 
the effectiveness and usefulness of 

the technology. The specific objec- 
tives for the present proposal were to 
combine existing fluid flow simulation 
software with existing optimization 
software to analyze and optimize the 
shape of internal flow components. 
The optimization and analysis soft- 
ware are complemented by advanced 
arbitrary shape deformation software 
that provides the capability to change 
the component shape as part of the 
computerized design and optimization 
loop. The objectives that were 
achieved include optimization of the 
shape of a channel with a 90-degree 
bend to minimize pressure drop and 
heat loss and the optimization of the 
shape of an electronic cooling channel 
to maximize the heat transfer coeffi- 
cient from the heated wall to the 
coolant. The results have been publi- 
cized through presentations at three 
engineering conferences, through 
publication of an article in an engi- 
neering newsletter and through 
numerous presentations given to engi- 
neering groups within the automobile 
and other industries. 

Objectives 
Link existing optimization and 
shape deformation software to 
a commercial CFD code (FIX- 

aces of the heaters (chips) that 
are being cooled by the flow of 
fluid in the cooling channel. 

Accomplishments 
In order for the optimization 

software to be able to control the 
optimization problem, it had to be 
able to call the engineering analysis 
code, in this case, a computational 
fluid dynamics (CFD) code. The 
first objective was to write a simple 
interface to allow communication 
between the optimizer and the 
CFD code. The interface was not 
written as a general interface 
between the two codes; it was 
problem specific. A more general, 
user-friendly interface would 
require considerably more time 
and effort. 

nent to be optimized concerned the 
steady, laminar, incompressible 
flow of air in a two-dimensional 
channel with a 90-degree bend. 
Air enters the channel at a temper- 
ature higher that the channel wall 
temperature. Heat is lost through 
the walls of the channel to the 
atmosphere. Initially, the objective 

The first internal flow compo- 

(a) Initial Shape @) Optimized Shape 
Initial and Optimized Shapes and temperature Contours for a Channel with a 90-degree Bend; 

the Objective Was to Minimize the Heat Loss and Pressure Drop through the Bend 
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of the optimization problem was 
defined to be the minimization of 
pressure drop through the channel. 
A commercial CFD code (FIDAP) 
was used to provide the flow and 
heat transfer analyses for the chan- 
nel designs. The optimizer was 
constrained to maintain the width 
and locations of the bend inlet and 
outlet and to avoid violating the 
space on the inside of the bend 
(where some other component may 
be located). Using the arbitrary 
shape deformation software, the 
optimizer changed the shape of the 
bend automatically to meet the 
objective. As an example, the fig- 
ure below illustrates the geometry 
and pressure contours of the initial 
and optimized channel designs for 
minimal pressure drop. We see 
that the outer wall of the channel 
bend moves outward considerably; 
the optimal design yields a 42% 
reduction in pressure drop. 

For the second optimization 
problem, the objective of the previ- 
ous optimization problem was 
modified to simultaneously mini- 
mize the heat loss from the air 
through the channel walls to the 
atmosphere and the pressure drop 
through the bend. As it happens, 
the two objectives are competing 
since minimization of the pressure 
drop pushes toward a larger radius 
bend while minimization of the 
heat loss leads to a bend with 
smaller area for heat transfer. 
Based on the same constraints 
specified for the previous problem, 
the optimizer found a new optimal 
shape where the pressure drop has 
been reduced by 14% and the heat 
loss has been reduced by 5% from 
the initial design. 

The third component to be 
optimized was first suggested by 
an Idaho State University profes- 
sor, Professor Antonio Campo. 
The problem was to improve the 
heat transfer in a two-dimensional 
cooling channel with several dis- 
crete heaters mounted on one wall 

to represent the cooling of a series 
of electronic chips. The objective 
was to minimize heater-face tem- 
peratures; the distribution of wall 
temperatures for the three cases 
was predicted. 

The final component that has 
been optimized is a more difficult 
problem: a three-dimensional 
exhaust duct from a General 
Motors car. The exhaust duct has 
an S-curve in it to connect the 
exhaust manifold to the catalytic 
converter. The objective function 
is to minimize the pressure drop in 
the duct. Maintaining a constant 
duct cross-section, a pressure drop 
reduction of 20.4% was achieved. 
Further pressure drop reduction is 
expected if the cross-sectional area 
is allowed to change. 

New m Increased Technical Capabilities 

The capability to apply opti- 
mization methodologies to find 
optimal solutions to real engineer- 
ing problems could become a 
unique niche for the INEL. That is, 
the INEL can become the leader in 
developing and using optimization 
tools coupled with engineering 
analysis tools to solve real engi- 
neering problems. The computer- 
based optimization tools not only 
find optimal solutions, they do so 
very efficiently with the very 
important result of shortening 
design cycles. Our overall goal is 
to develop our optimizing tools 
that allow us to go directly to 
industry and help them solve their 
engineering problems; we expect 
that some of the designs will be 
patentable. 

Business Development Opportunities 

Direct collaborative relation- 
ships have been established with 
automotive engineering depart- 
ments. These people are interested 
in having us optimize specific com- 
ponents for which they can then 
produce a rapid prototype to test 

to validate our optimal designs. If 
proven useful, they wish to license 
our software. The departments 
with whom we have such collabo- 
rations include 

General Motors, Engineering 
Mechanics Department 
General Motors, Powertrain 
Group 
Ford Motor Company, Engine 
Research Department 
Ford Motor Company, Climate 
Control Division. 

Mediator 
LDRD 951 1 

L. A. Dean 

The primary objective of this pro- 
ject is to demonstrate that mediator 
technology can be used to effectively 
and efficiently resolve end-user infor- 
mation access issues and to establish 
an understanding of mediator technol- 
ogy capabilities at the INEL. A sec- 
ondary objective is to develop a data 
access product that will use intelligent 
intervention to mediate between end 
user workstation applications and 
databases to simplify access to data 
and cut information processing costs. 

Mediators provide intelligence for 
understanding, selecting, accessing, 
merging, and manipulating data. They 
provide a level of knowledge that an 
end user may not know or understand 
about the data and applications. 
Because of this intelligence, mediators 
provide consistent responses to ques- 
tions regardless of who asks the 
mediator a question. In addition, 
mediators integrate information from 
multiple sources without having to 
redesign existing databases or 
change existing operational systems. 

The purpose of this project is to 
allow the Data Access Products (DAP) 
Directorate to partner with an INEL 
end-user area (Environmental Opera- 
tions) and the mediator technology 
developers (Stanford University and 
ISX Corporation) to resolve a specific 
end-user information access issue, 
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train DAP personnel in mediator tech- 
nology capabilities and uses, and to 
develop a basic set of mediator build- 
ing block products (i.e., mediator toolk- 
it) for use at the INEL and possible 
commercialization. This project will 
focus the mediator technology on 
solving an accessibility and using 
problem for Environmental Operations. 

0 bjectives 
Form an integrated product 
team with Stanford University 
and ISX Corporation. 

Conduct knowledge acquisi- 
tion interviews with Environ- 
mental Operations personnel 
and select a domain scenario. 

Develop a long range visionary 
demonstration using the selected 
domain scenario. 

Present initial prototype archi- 
tecture and visionary demonstra- 
tion to INEL personnel. 

Accomplishments 
A subcontract was issued in 

June, 1995, with Stanford Universi- 
ty and ISX Corporation. This 
allowed the INEL to leverage and 
capitalize on mediator research 
efforts already conducted by acad- 
emia and private industry by 
including representatives from 
Stanford University and the ISX 
Corporation on the product team. 
Stanford has extensive experience 
in research and database domains 
as well as intimate familiarity with 
mediator research conducted by 
the Advanced Research Projects 
Agency (ARPA). ISX has acted as 
a mediator technology broker; 
specifically in using ARPA-devel- 
oped concepts in engineering and 
manufacturing for the F-22 project. 

During July, 1995, several 
knowledge acquisition interviews 
were conducted by the Integrated 
Product Team comprised of INEL 
DAP personnel and Stanford Uni- 
versity and ISX Corporation repre- 
sentatives. These interviews resulted 

in a specific Environmental Opera- 
tions data access problem being 
identified and selected as the pro- 
ject domain scenario. This selected 
domain scenario will be the basis 
for the mediator development 
work in FY-96. 

Stanford University and ISX 
Corporation representatives then 
developed a visionary demonstration 
that visually describes the 
approach and an initial prototype 
computer hardware and software 
architecture that will be imple- 
mented using mediator technology 
to resolve the selected domain sce- 
nario. This visionary demonstra- 
tion was delivered in August, 1995, 
and presented to the Environmen- 
tal Operations Branch and DAP 
personnel. 

New m Increased Technical Capabilities 
Work in FY-95 was specifically 

oriented to identifymg an actual 
end user problem on which to 
apply the mediator technology. An 
actual technical solution for this 
problem will be developed in FY-96. 
At this time, any new or increased 
technical capability at the INEL is 
limited to an improved under- 
standing of mediators and their 
capabilities and additional insight 
into what software products will 
be used in developing mediator 
applications. The mediator proto- 
type to be developed in FY-96 will 
require use of software that pro- 
vides the following functionality: 

User interface builder 

Persistent object store 

C++ compilers 

Module interoperability 

IP/IPX conversion 

User database access. 

Business Development Opportunities 
A working relationship was 

formed with Stanford University 
and ISX Corporation to partner 

with the INEL in developing medi- 
ator applications for a selected 
Environmental Operations data 
access scenario. Both Stanford and 
ISX are interested in participating 
in the project to gain additional 
knowledge about the uses of and 
development of mediator applica- 
tions in a nondefense oriented user 
domain. Application of mediator 
technology to an Environmental 
Operations scenario broadens the 
specific domains to which this 
technology has been successfully 
applied. This will make it easier to 
generalize the development of 
mediator applications and add to a 
mediator development tookit. As a 
result, the probability of commer- 
cialization opportunities for this 
technology will be increased. 

Gas-Driven Photovoltaic 
Generators 

LDRD 951 2 

R. L. Moore 

A gas driven photovoltaic genera- 
tor is a device used to generate elec- 
tricity by photovoltaic conversion of 
photons emitted from a heat source 
heated by the combustion of a gas. 
The objective of this project was to 
develop a simple thermal system 
model that couples the combustion 
process with the energy generation 
process of a gas-driven photovoltaic 
electrical generator. The simple 
model was used to help assess the 
overall thermal efficiency of a pro- 
posed generator whose size is on the 
same order as a battery pack used to 
power a cellular phone. The efficien- 
cy of such a generator relies heavily 
on recuperation, both optical and ther- 
mal, to achieve high system efficiency. 
The model of the gas driven photo- 
voltaic generator considers both opti- 
cal and thermal recuperation. 
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0 bjec tives 

Develop a simple thermal sys- 
tem model of a gas driven pho- 
tovoltaic electrical generator. 

Evaluate generator perfor- 
mance as related to optical and 
thermal recuperation. 

Accomplishments 

It has been proposed that pow- 
ering a cellular phone with a small 
photovoltaic generator in place of 
batteries may be feasible. If this 
were the case, it could lead to a 
large profitable market for the 
developer of such a product. The 
photovoltaic generator as envi- 
sioned would allow the cellular 
phone to be operated continuously 
for times far greater than that asso- 
ciated with the life time of batteries. 

There are many questions asso- 
ciated with the development of a 
miniature photovoltaic generator 
that must be answered before such 
a device can become a reality. This 
project was initiated to address the 
question of what is the maximum 
overall thermal efficiency such a 
device can realistically achieve. 

Experts in the field believe the 
overall thermal efficiency could be 
as high as 20% if both optical and 
thermal recuperation are used. 

A simple Mathcad model of a 
small photovoltaic generator was 
developed. The model consists of 
a combustion process where 
butane gas is mixed stoichiometri- 
cally with air and ignited. The 
energy from the combustion of the 
butane with air is used to heat a fil- 
ament (emitter), which in turn 
emits photons collected by a photo- 
cell and converted to electricity. 
The emitter and photocell are cou- 
pled by means of a three-band 
radiation transport model. Ytter- 
bial optical properties were used 
for the emitter, and silicon oxide 
properties were applied to the PV 
cell. The emissivity used for Ytter- 
bial and silicon oxide is shown in 
the figure below. 

The results from the model 
show that the thermal efficiency of 
the generator is a very strong func- 
tion of it ability to recuperate ther- 
mal energy from the combustion 
chamber exhaust gas. The thermal 
efficiency ranges from 4.25% with 

1 .o I 
I emitter 

Wavelength (pm) 

Spectral Emissivity of Emitter and PV Cell 

no thermal recuperation (air inlet 
temperature equal to 300 K) to 
11.5% with substantial thermal 
recuperation (air inlet temperature 
equal to 1300 K). 

Measurement of 
Crude Oil Corrosivity 

LDRD 951 4 

D. F. Glenn 

Corrosion is a matter of particular 
concern in the petroleum industry. 
Corrosivity measurements are neces- 
sary in order to determine if today's 
boatload of crude is significantly differ- 
ent from the last one received. Cur- 
rent methods for evaluating crude cor- 
rosivity involve fractionation of the oil 
followed by time consuming weight 
loss testing of metal coupons in each 
fraction. The development of a rapid 
method to determine the corrosive- 
ness of crude oil to the metals in the 
refinery has a clear dollar value. 

The objective of this LDRD effort 
was to determine the applicability of 
Electrochemical Impedance Spec- 
troscopy in the determination of the 
corrosivity of crude oil. To this end, 
six crude oil samples were obtained 
from Exxon and the impedance spec- 
tra of each crude oil on different met- 
als was obtained. It was determined 
that impedance spectroscopy could 
indeed detect differences in crude oils 
and the technique holds promise for 
the development of a rapid method for 
the determination of crude oil corrvsivily. 

Objectives 

to obtain electrochemical imped- 
ance spectra on several metals 
immersed in different crude oils 
and to determine from this 
whether or not the technique might 
be developed in a viable method 
for the determination of crude oil 
corrosivity. 

The objective of this effort was 
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Accomplishments 

Electrochemical impedance 
spectroscopy is an electrochemical 
technique whereby a series of dis- 
crete ac signals (a spectrum) is 
passed between two electrodes 
immersed in the solution of inter- 
est and the resultant current and 
phase shift determined. From t h i s  
data, the impedance of the metal in 
a given solution can be calculated. 
This impedance, between the metal 
and the solution, is related to the 
charge transfer kinetics which is in 
turn related to the corrosion rate of 
metal in a given solution. 

To determine the applicability 
of Electrochemical Impedance 
Spectroscopy in the determination 
of the corrosivity of crude oil, six 
crude oil samples (three crude oils 
and three crude oil fractions) were 

acquired from an Exxon refinery. 
The impedance spectra of different 
metals immersed in each crude oil 
sample was obtained. The crude 
oils were diluted 50/50 with hexa- 
ne and the impedance spectra 
obtained on 1020 steel, iron, copper 
and silver electrodes. Each spec- 
trum contained 41 discrete fre- 
quencies ranging from 100,000 to 
0.05 Hz at 700mV rms. 

electrochemical potentiostat, a 
phase-sensitive lock-in amplifier, 
and a computer with dedicated 
software. A standard three-electrode 
arrangement was used for the cell 
itself. 

The figure below shows an 
example of the raw data obtained 
on three crude oils using 1020 steel 
electrodes. These data are shown 

The experimental consists of an 

in the Bode format in which the real 
component of impedance is plotted 
versus the frequency of the applied 
ac signal. Of interest in these data 
is the straight line formed at the 
left-hand side of the plot. It is this 
impedance that is related to the 
resistance to electron transfer and 
therefore can be related to the cor- 
rosivity of the oil. The simple 
interpretation of this data is that 
the smaller is the impedance, the 
more corrosive is the oil. There- 
fore, sample A is more corrosive 
than B, which is more corrosive 
than sample C. 

experiments clearly demonstrate 
that electrochemical impedance 
spectroscopy can detect differences 
in various crude oils and crude oil 
fractions. This is very encouraging 

The data obtained in these 

1.00E+00 l.OOE+Ol 1 .OOE+OP 1 .OOE+03 1.OOE+O4 1.00E+1 1.00E-02 WOE-01 

Frequency, Hz 

Bode Format Impedance Spectra for Crude Oil Samples A, B, and C 
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and presents the real possibility 
that, with some further develop- 
ment, this technique can be used to 
determine the corrosivity of crude 
oil. 

New m Increased Technical Capabilities 
Electrochemical impedance 

spectroscopy is a relatively new 
technique in electrochemistry. This 
technique has been little used at 
the INEL until this project. The 
development of expertise in this 
area is of value to the INEL for the 
measurement and study of various 
electrochemical phenomena. Elec- 
trochemical Impedance Spec- 
troscopy has applications in the 
study of corrosion, metal coatings, 
semiconductors, batteries, and fuel 
cells. 

Business Development Opportunities 
This project was initiated in an 

effort to establish a working rela- 
tionship with the petroleum indus- 
try. The crude oil and crude oil 
fractions for this project were sup- 
plied by the Exxon Corporation. 
They have expressed a strong 
interest in using the results of this 
effort to improve their current 
methods for the determination of 
crude oil corrosivity. Further, they 
have expressed an interest in fund- 
ing further development of this 
technique for their specific needs. 

Installation of Precession 
X-Ray Camera 

for Single Crystal Analysis 
LDRD 951 5 

M. H. OBrien, J. R. Kennedy 

The purpose of this small year- 
end task is to install a precession 
x-ray camera donated by the National 
Institute and Standards and Technology 
to add needed single-crystal analytical 
Capability to the INEL. 

Objectives 
Install precession camera in 
existing IRC x-ray cage. 

This simple project was initiat- 
ed with only severn weeks left in 
the fiscal year. The task was not 
completed at the time of this 
reporting. 

Accomplishments 
Precession x-ray cameras allow 

the analysis of the crystal structure 
of new and unknown single crys- 
tals. Most materials and solid state 
chemistry laboratories have this 
capability. It has long been needed 
as a general scientific asset at the 
INEL. It should contribute to a 
variety of projects in the future. 

Business Development Opportunities 

opment is envisioned, it is likely 
that this capability will contribute 
to projects having commercial 

While no direct business devel- 

potential. 

Direct Production of 
Low-Cost, High-Quality 

Nanocrystalline Metal Powders 
LDRD 951 6 

B. A. Detering 

The purpose of FY-95 efforts at 
the INEL were to support and 
compliment INEL/URC-funded 
research at the University of Idaho 
(Uoff) for synthesis of nanomateri- 
als and characterization of these 
materials to delineate their unique 
characteristics and potential indus- 
trial applications. The plasma fast 
quench (PFQ) technology has been 
demonstrated for synthesis of 
nanomaterials and limited funding 
was used to design, construct, and 
test a PFQ device and process for 
synthesis of nanocrystalline silver 
powder at the INEL. Work during 
FY-96 was to focus on synthesis of 
titanium and titanium alloy nano- 

materials, including titanium metal 
and titanium/aluminum alloys for 
automotive applications. This FY- 
96 work directly complimented 
and supported work on synthesis 
of these materials by mechanical 
alloying methods being performed 
at the U of I. A silver powder was 
successfully synthesized during 
September 1995. Limited time did 
not allow for physical characteriza- 
tion of this material. The material 
was synthesized in a straight tube 
reactor without the quench nozzle. 
Two industrial contacts were made 
and expressed interest in this mate- 
rial as a replacement for hazardous 
solder in fabrication of electronics 
and in biomedical plastics. 

Objectives 

Design a PFQ system for syn- 
thesis of nano-phase silver 
materials. 

Mod@ and adapt the current 
PFQ system for synthesis this 
material. 

Solicit and develop industrial 
collaborations with identified 
industrial partners. 

Make one trip to the U of I to 
discuss the course of interac- 
tion with INEL/URC collabo- 
rators, and to assess the uni- 
versity program plan and 
progress. 

Submit a FY-96 LDRD project 
proposal to continue develop- 
ment and applications of the 
PFQ process for nano-phase 
powder synthesis. 

File an invention idea record 
with LECO for the nano-powder 
synthesis technology. 

Accomplishments 
A PFQ system design for syn- 

thesis of nanophase silver powder 
was completed by September 1, 
1995. 
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Modifications of the PFQ hard- 
ware for synthesis of the materials 
was completed and tested on Sep- 
tember 11, 1995. 

Industrial contacts were made 
with Dr. Nancy Scoville of 
ThermoTrex, Inc., Waltham, 
Massachusetts and Dr. William 
Hendrickson of AVEKA, Inc., 
Woodbury, Minnesota. 

versity of Idaho campus on Sep- 
tember 7-8/1995 to meet with 
Professor Froes and Professor 
Prisbrey (the INEL/URC collabora- 
tors) to discuss the course of inter- 
action and to assess the university 
program plan and progress. 

Two LDRD proposals were 
submitted that would fund contin- 
uation of the work. 

Insufficient data were generated 
in FY-95 to jusbfy filing an inven- 
tion disclosure. Depending on 
available funding, at least one 
invention disclosure should be 
filed in FY-96. 

New or Increased Technical Capabilities 
The limited data obtained here 

indicate that the rapid quench 
nozzle is not necessary to produce 
nanocrystalline silver powder. 
Silver powder was produced during 
one test using a reaction chamber 
of constant diameter (0.022-m 
diameter X 1.0-length) operated at 
low pressure (0.2 atm). This test 
indicates that for silver and other 
nanocrystalline materials, the 
expensive design and construction 
of converging/diverging nozzles 
may be eliminated. This would 
drastically reduce the capital and 
operational costs associated with 
commercial production of these 
materials. 

Business Development Opportunities 
Contacts were made at both 

AVEKA, Inc., of Woodbury, Min- 
nesota and ThermoTrex, Inc., of 
Waltham, Massachusetts. AVEKA 
is a small company specializing in 

One trip was made to the Uni- 

coating fine powders, and Ther- 
moTrex is a producer of medical 
technology. AVEKA showed inter- 
est in silver powders as a way of 
producing conducting epoxy 
cements for the electronics indus- 
try as a replacement for hazardous 
soldering of electronic components. 
ThermoTrex was interested in 
using nanocrystalline silver powder 
in bio-plastics to inhibit bacterial 
infections when these materials are 
placed in the human body. Some 
examples of potential applications 
are catheters, artificial valves, and 
artificial hearts. 

Petroleum Tanks 
Inspection Delivery 

System 
LDRD WO91 

W. T. Zollinger 

In the petroleum and chemical 
industries, there is a relatively new 
requirement to inspect the bottoms of 
storage tanks for corrosion and leaks. 
The current method of inspecting the 
tank floors is to drain the tank, decont- 
aminate and clean the interior, install 
ventilation, and allow workers to enter 
the tank with inspection equipment. 
This costs between $50,000 to 
$250,000 depending on the size of the 
tank, its age, commodity and hazard 
classification, and type of inspection, 
and may take the tank out of service 
for up to a month. The inspection 
could be performed using a remote 
controlled vehicle for $70,000 to 
$20,000 in several days while the tank 
remains in service. The INEL mag- 
netic wheeled wall crawler is being 
redesigned to fulfill this role. 

The economic benefits to the U.S. 
petroleum industry and local economy 
will be substantial. The members of 
the American Petroleum Institute esti- 
mate the costs of coming into compli- 
ance with the new inspection stan- 
dard, API 653, to be in the billions of 
dollars using current methods. Cut- 
ting those costs by a factor of 70 will 
have a great impact on their competi- 

tiveness worldwide. The local economy 
will also benefit from the commercial- 
ization of this technology. As a part of 
the licensing contract, the manufactur- 
ing facilities for the commercial 
inspection systems are to be located 
in the INEL area. This will both create 
jobs in the local area and require ser- 
vices from local industry, infusing the 
local economy with an estimated six 
million dollars in the first three years. 
Solex Environmental Services is cur- 
rently negotiating the details of an ini- 
tial CRADA with Lockheed to continue 
the commercialization process. 

0 bjectives 
Design modifications needed 

Fabricate a submergible proto- 

for submergence. 

type. 
Test and evaluate system per- 
formance. 

Initiate technology transfer to 

Accomplishments 

accelerated in the first quarter of 
FY-95 to achieve specific design 
goals in order to asses the system's 
feasibility. This information was 
used successfully to petition DOE 
for additional funding to fully 
commercialize the system. NOOK 
was obtained mid year for this 
purpose, with the promise of an 
additional $600K for FY-96. At 
that time, the entire project was 
rescoped and became a program 
under the DOE Office of Technol- 
ogy Development. The technical 
objectives for this LDRD were then 
transferred to that program, and 
expanded so as to produce a com- 
mercial prototype ready for imme- 
diate transfer into the private sector. 

Design modifications needed 
for submergence were completed 
ahead of schedule and fabrication 
of the vehicle was pursued through 
the end of the LDRD funding. At 
this point, additional programmat- 
ic funding was procured and the 

private industry. 

The schedule of the project was 
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goals developed were rescoped to 
include additional capabilities 
needed to perform a complete 
petroleum tank inspection. 

The base vehicle was reworked 
to increase its speed and capability. 
Larger diameter magnetic wheels 
were integrated to increase the 
payload from 20 lbs to 75 lbs and 
allow the vehicle to maneuver over 
weld seams more easily. Weight of 
the vehicle was reduced by fabri- 
cating the frame from graphite 
composite panels. The motors 
were also resized to gain higher 
speeds, to allow inspection of the 
acreage of a storage tank bottom in 
the target range of two to three 
days. Fabrication of the new base 
vehicle is complete. 

The control system and ultra- 
sonic (UT) inspection equipment 
were integrated to reduce commer- 
cial hardware costs, and a position- 
ing gyro was added. The original 
UT system was controlled by a 
separate Amdata UT control com- 
puter and software which added 
about $50 K to the price of the sys- 

tem. The UT inspection functions 
have been integrated into the vehi- 
cle control computer using 
portable UT preprocessors, reduc- 
ing the UT system costs to below 
$15K. To meet explosive certifica- 
tion requirements, onboard tem- 
perature and pressure sensors have 
been added, and an inert gas 
purge/pressurization system is 
being designed into the vehicle. In 
addition, an independent position- 
ing gyro was added to supplement 
the dead reckoning tracking system 
and improve data mapping. An 
onboard controller was added to 
coordinate data collection from all 
the onboard sensors. Conceptual 
design of the control system is 
complete, with fabrication under- 
way. Programming of the upgraded 
control software will begin follow- 
ing hardware fabrication. 

The current programmatic 
schedule is being maintained, 
projecting completion of the basic 
prototype and a demonstration 
within the year. Once budgets are 
decided upon and if the FY-96 $600 
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Long-Term Research Initiatives 

Strategic Thrust 

ine experientia nihil sufficienter sciri potest. Without expe- S rience, nothing can be certainly known. 

-Roger Bacon, 
On Experience, Both Spiritual 

and Practical, about 1250 
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Molecular Biology 
LTRl 0010 

T. E. Ward 

The objective of this LTRI is to 
develop the research capabilifies of 
the INEL in the area of molecular biol- 
ogy. This is being approached 
through investigation of the genetic 
characteristics and capabilities of 
microorganisms that have the poten- 
tial to be used in bioprocesses devel- 
oped by the Biotechnologies organiza- 
tion. Biological processes have a 
number of advantages compared to 
chemical and physical processes. 
They generally take place at ambient 
temperature and pressure, saving 
energy, and also produce less toxic 
and hazardous waste. The research 
conducted under this LTRl will provide 
the capability of manipulating the 
genetic characteristics of the microor- 
ganisms to be used in the various bio- 
processes. These microbes can be 
provided with either enhanced or 
entirely new capabilities. This work 
thus supports and can potentially con- 
tribute to all projects in the Biofech- 
nologies organization. Continuing the 
strategy of evolving the program in 
response to changing circumstances, 
projects have been started in a several 
of new areas where there appear to 
be opportunities, and completed or 
terminated in other areas in which 
good progress was not being made or 
which did not appear to support the 
future direction of the Biotechnologies 
organization. The past year's projects 
have included construction and analy- 
sis of a recA mutant of Acidiphilium, 
construction and tesfing of potential 
transposons for acidophilic cells, stud- 
ies on arsenic resistance genes in aci- 
dophiles, studies on bacterial chro- 
mate reduction, cloning of genes for 
production of a specific organic chemi- 
cal, and development of an RNA- 
based assay to analyze the composi- 
tion of microbial mixtures. 

Objectives 
Construct and analyze recA 
mutants of Acidiphiliurn. 

Construct and analyze potential 
transposons for Acidiphilium. 

Characterize a chromate reduc- 
ing enzyme in E. coli. 

Study activity of arsenic resis- 
tance genes in acidophiles. 

Start cloning the genes for pro- 
duction of a specific organic 
chemical. 

Begin development of an assay 
for determining the composi- 
tion of unknown mixtures of 
microbes. 

Accomplishments 
Construction and analysis of a 

recA- mutant of Acidiphilium 
Construction of a recA- 

Acidiphilium strain for use as a host 
in genetic experiments was suc- 
cessfully completed. A recA gene 
inactivated in vitro by insertion of a 
tetracycline resistance gene was 
constructed in a vector that repli- 
cates in Acidiphilium, and this plas- 
mid was introduced into Acidiphili- 
um cells that were grown for sever- 
al generations to allow a double 
crossover to occur. These cells 
were then transformed again using 
a second plasmid, which is incom- 
patible with the first and contains a 
different antibiotic resistance gene 
(chloramphenicol). After transfor- 
mation with the second plasmid, 
these cells were inoculated onto 
plates containing both antibiotics. 
Since the two plasmids are incom- 
patible, they cannot coexist in the 
same cell. One way for a cell to 
become resistant to both antibiotics 
is for the tetracycline gene in the 
recA segment in the first plasmid 
to have integrated into the recA 
gene in the chromosome by means 
of a double crossover. Colonies 
that were resistant to both antibi- 
otics were tested for sensitivity to 
UV light, a characteristic of recA- 
cells. A colony was identified that 
exhibited much greater sensitivity 
to UV light than wild type cells, 
and was thus a candidate recA- 

mutant. The DNA of this strain 
was analyzed, and the results 
showed that a tetracycline gene 
had integrated into the recA gene 
in the chromosome of this strain, 
exactly as expected. Thus, a recA- 
strain has been successfully devel- 
oped. 

Investigation of potential trans- 
posons for Acidiphilium cells. 

Potential transposons for 
Acidiphilium cells had previously 
been constructed by introducing a 
tetracycline resistance gene sepa- 
rately into two different sites in an 
insertion sequence isolated from 
Thiobacillus ferrooxidans by Dr. 
David Holmes. This DNA con- 
struct was inserted into a vector 
that replicates in AcidiphiZium, and 
the resulting plasmid was intro- 
duced into Acidiphiliurn by electro- 
poration. Tetracycline resistant 
transformants were obtained. 
They were grown for several gen- 
erations to allow transposition of 
the potential mobile element into 
the chromosome, and then trans- 
formed again with a second plas- 
mid that is incompatible with the 
first and that contains an alterna- 
tive antibiotic resistance gene, simi- 
lar to the strategy used in the recA 
work. These cells were then inocu- 
lated onto plates containing both 
antibiotics. This strategy is 
designed to select for cells in which 
the first antibiotic resistance gene 
has integrated into the chromo- 
some. Numerous colonies resistant 
to both antibiotics were obtained, 
but analysis of their DNA showed 
that no integration of the potential 
transposon into the chromosomes 
of the cells had occurred. Thus, 
functional transposons for these 
acidophilic cells were not produced. 

Characterization of a chromate 
reducing enzyme from E. coli. 
Chromate is a major toxic waste 
problem for both DOE and US. 
industry. Several bacteria have the 
ability to reduce chromate to 
chromium (ID), a much less toxic 
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and less mobile form of this ele- 
ment. It had previously been 
shown that whole cells of E. coli, a 
standard laboratory bacterium, 
have this ability, and that this 
activity can also be detected in cell 
free extracts of this bacterium. 
This year, major progress was 
made on characterization of this 
enzyme. The enzyme has a broad 
activity maximum around pH 6.5. 
The crude extract was fractionated 
on a gel filtration column 
(Sephadex GlOO), which separates 
proteins on the basis of size. The 
peak of chromate reducing activity 
trailed the major peak of protein, 
demonstrating that this enzyme is 
smaller than the majority of pro- 
teins in E .  coli. Preparative isoelec- 
tric focusing demonstrated that 
this enzyme has a pH of approxi- 
mately 4.7. The enzyme seems to 
be fairly stable on storage in both 
the refrigerator and freezer, and is 
relatively stable to heating at 60°C 
for 30 minutes, indicating much 
greater stability than the typical E.  
coli protein. The enzyme can be 
renatured to give apparently good 
recovery of activity after running 
on preparative SDS acrylamide 
gels, staining, eluting, removal of 
SDS on a Dowex column, and dial- 
ysis to renature. This is presump- 
tive evidence for a relatively small 
protein, and possibly for an active 
monomer. On SDS gels, bands that 
have most consistently shown 
activity migrate at molecular 
weights of approximately 33-35 
and 24-25 kd. 

Study of arsenic resistance 
genes in acidophiles. Arsenic resis- 
tance genes are being studied as an 
alternative to antibiotic resistance 
genes for use in practical situa- 
tions. We had previously shown 
that such genes could be intro- 
duced into Acidiphilium, signifi- 
cantly increasing their tolerance of 
arsenic. In order to better under- 
stand the mechanism of arsenic 
resistance, the detailed DNA struc- 

ture of a set of uncharacterized 
arsenic resistance genes was deter- 
mined through construction of a 
detailed restriction map combined 
with hybridization studies. The 
results show that this set of arsenic 
resistance genes shows several sim- 
ilarities to a previously character- 
ized set of such genes, but with 
some sigruficant differences, which 
may help to explain the different 
results observed when these two 
sets of genes were separately intro- 
duced into the same Acidiphilium 
Strain. 

Cloning of the genes for pro- 
duction of a specific organic chemi- 
cal. Of the various alternative 
routes for biological synthesis of 
this particular chemical, one starts 
with an inexpensive hydrocarbon, 
involves three intermediates, and 
requires three enzymes to convert 
the hydrocarbon to the desired 
chemical. The enzymes that cat- 
alyze this conversion are part of a 
pathway responsible for metaboliz- 
ing the hydrocarbon to provide 
carbon and energy to a particular 
bacterium. Our strategy is to iso- 
late from that bacterium just the 
genes for the enzymes required to 
convert the hydrocarbon to the 
desired product, to increase their 
level of expression, and to transfer 
them into other bacteria to produce 
cells expressing high levels of these 
enzymes. Such cells should be 
very efficient at converting the 
hydrocarbon substrate to the 
desired chemical. An industrial 
partner is working with us to 
develop a process to produce the 
same organic chemical using an 
alternative route. The difficulty 
has been that, although the genes 
for the first enzyme in the pathway 
have been extensively studied, 
very little is known about the 
genes coding for the rest of the 
enzymes in the pathway. There- 
fore, following the literature, we 
isolated a 10,000-base-pair (10 kb) 
fragment of DNA that contains at 

Long-Term Research Initiatives 

least the genes for the components 
of the first enzyme in the pathway, 
and has approximately 4000 bp in 
addition, which might code for 
additional enzymes of the path- 
way. In order to determine which 
genes are present on this DNA 
fragment (in addition to those for 
the first enzyme), bacteria contain- 
ing this fragment of DNA were 
exposed to the hydrocarbon sub- 
strate for a few days. A portion of 
the cells and medium was extract- 
ed with an organic solvent, and the 
extract was concentrated and ana- 
lyzed by HPLC along with an 
authentic sample of the desired 
product. A small peak with the 
retention time of the desired prod- 
uct was present in the extract from 
cells which contained the 10 kb 
DNA fragment, but not in the 
extract of control cells that did not 
contain this DNA fragment, indi- 
cating that all the genes required 
for this conversion are probably 
located on this 10-kb DNA frag- 
ment. This encouraging prelimi- 
nary result must be confirmed and 
strengthened. 

Development of an assay to 
determine the composition of 
microbial mixtures. Samples from 
the environment, bioprocesses, 
both sterile and nonsterile, food 
safety analysis, bioremediation 
operations, etc., often contain mix- 
tures of microorganisms. An assay 
is needed to determine the compo- 
sition of such samples simply and 
rapidly without having to culture 
the microbes in the samples. Many 
bacteria from environmental sam- 
ples are not readily cultured, and 
any growth that occurs is invari- 
ably selective, thus creating the 
need for an assay that does not 
involve culturing. The assay we 
are developing analyzes the small 
ribosomal RNA molecules, termed 
55 rRNA, which are present in all 
bacteria. 5s rRNA molecules from 
different bacterial species have dif- 
ferent sequences, the degree of dif- 
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ference reflecting the evolutionary 
relatedness of the various bacteria. 
These sequence differences also 
affect the shapes and stabilities of 
the three-dimensional structures 
into which the 55 rRNAs sponta- 
neously fold in aqueous solutions. 
To perform the assay, microbes in 
the sample are collected and lysed, 
and total RNA is isolated and ana- 
lyzed using a special type of gel 
electrophoresis termed denaturing 
gradieni.: gel electrophoresis 
(DGGE). In this method, a gradi- 
ent of denaturing chemical is 
formed perpendicular to the direc- 
tion of electrophoresis. The sample 
is loaded in a horizontal band 
across the top of a slab gel contain- 
ing this gradient. As the band of 
5s rRNA migrates down the gel, 
different amounts of denaturant in 
different areas of the gel cause con- 
tinuously increasing degrees of 
unfolding of the RNA molecule 
and a resulting change in migra- 
tion rate. These effects differ for 
the different 5s RNAs, which con- 
sequently run slightly differently 
from each other, revealing the 
number of different bacteria in the 
sample, and from the intensities of 
the bands, the relative abundance 
of the various species in the mix- 
ture. As yet, the position and 
shape of the bands cannot be used 
to idenbfy individual species, but 
this capability may be developed if 
enough different species can be run 
to provide a computer library 
against which to compare any new 
band pattern, especially if marker 
5s rRNA molecules are included 
with each sample. An alternative 
method to identify individual 
bands involves transfer of the 
bands to membranes, followed by 
hybridization with probes specific 
for various groups of microorgan- 
isms. Three manuscripts are cur- 
rently in preparation describing 
these various results. 

New or Increased Technical Capabilities 

the standard molecular biology- 
genetic engineering techniques and 
procedures (gene isolation, cloning, 
PCR, DNA synthesis, sequencing, 
etc.). This would not have been 
possible without the support of 
this LTRI. We can effectively sup- 
port a variety of projects of the 
Biotechnologies organization, 
which contributes to the integrated 
nature of the Biotechnology pro- 
gram at the INEL. 

that are due to this LTRI have 
resulted in several direct funded 
projects for the Biotechnology 
organization over the years. Many 
of these have come from DOE-Fos- 
sil Energy and the Bureau of Mines 
(DOI). The most recent example of 
this is a new task under the Alter- 
native Feedstocks Program of the 
DOE-Office of Energy Efficiency, 
obtained as a direct result of the 
INEL's molecular biology exper- 
tise. Approximately $225K was 
obtained in FY-95, and additional 
funding for FY-96 has also been 
secured. This project involves 
development of a biological 
process for production of a specific 
organic chemical from glucose. A 
commercial partner is heavily 
involved in this project, and a 
CRADA has been established. 
Work under the LTRI in support of 
this particular area is being 
expanded through investigation of 
an alternative approach to produc- 
tion of the same organic chemical, 
using an inexpensive hydrocarbon 
as a starting material instead of 
glucose. This project will involve 
genetic manipulations to produce 
appropriate bacterial strains, fol- 
lowed by bioreactor studies to opti- 
mize production of the chemical. 

Business Development Opportunities 
INEL currently has a CRADA 

with General Electric Co. to devel- 

We can currently perform all 

The capabilities and expertise 

op a process to produce a specific 
organic chemical from glucose. 
The funding for the INEL portion 
of the work is being provided by 
the Alternative Feedstocks Pro- 
gram as described above. GE has 
an internal customer that will use 
this organic chemical. This cus- 
tomer doesn't really care how this 
chemical is produced, as long as 
the price is right. Research under 
the LTRI is investigating an alter- 
native process for producing this 
chemical. GE is aware of this alter- 
native route and would have been 
interested in including this work in 
the current CRADA, or in estab- 
lishing another CRADA to cover it, 
but they currently have no match- 
ing funds to put toward this pro- 
ject. If additional funding became 
available to them, they would 
probably be interested in a 
CRADA in this area as well. 

Nuclear Physics 
LTRlOO20 

R. Aryaeinejad, J.D. Cole, 
M.W. Drigert, R.C. Greenwood, 

J.W. Mandler 

The basic objectives of this pro- 
ject are (a) to provide world class 
stature and peer recognition to the 
INEL in selected areas of nuclear 
physics and (b) to transfer advanced 
instrumentation developments and 
basic nuclear physics data (in particu- 
lar, data pertaining to the nuclear fuel 
cycle) into programmatic and mission- 
related marketing areas at the INEL. 
Both of these objectives are important 
components of the effort to make the 
INEL the leading applied engineering 
laboratory in the DOE system. In 
order for the INEL to get this recogni- 
tion, it must possess the capability to 
rapidly transfer emerging technologies 
from the basic research arena to the 
applied engineering arena (i.e., into 
useful products for the government 
and private sector). This capability 
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relies heavily on maintaining close ties 
with the research community and 
knowing what technological advances 
are being made there. This, in turn, 
can only be fully realized by having an 
active involvement and peer recogni- 
tion in the technical research commu- 
nity. During FY-95, tasks were suc- 
cessfully pursued in several major 
areas to meet these objectives. We 
continued our participation with a 
number of collaborations, performing 
work in the areas of heavy-ion interac- 
tions and studies of nuclear structure 
off the line of beta stability. These 
efforts resulted in increased capabili- 
ties for the INEL in advanced data 
acquisition and processing and in new 
techniques for isotope detection and 
assay. We are leading the work on 
the on-line error monitoring of the data 
acquisition system for the E877 
Experiment. During FY-95, an R&D 
100 Award and one fully executed 
patent were received for an assay 
technique developed on the initiative. 
In addition, the work resulted in 14 
papers either published or accepted 
for publication in refereed journals and 
23 technical conference presentations 
by us or collaborators. 

Objectives 
The approach taken by the 

Nuclear Physics LTRI is to (a) 
develop and sustain a base capabil- 
ity in nuclear physics research that 
is making a sigruficant contribution 
to this discipline and is therefore 
able to acquire top technical per- 
sonnel; (b) strengthen the ties 
between the INEL and regional, 
national, and international univer- 
sity nuclear physics groups; and (c) 
provide strong technical support 
for the development of technology 
transfer, together with the basis for 
independent spinoff programs, and 
scientific and technical support to 
the programmatic and mission- 
related marketing activities of the 
laboratory. Specific FY-95 techni- 
cal objectives were as follows: 

Studies of Heavy-Ion Interactions 

activities concerning heavy-ion 
0 Continue involvement of our 

interaction physics. This 
includes leading the work on 
the on-line error monitoring of 
the data acquisition system for 
the E877 Experiment and con- 
tinuing our involvement in the 
planning for P H E W  collabo- 
ration at RHIC (relativistic 
heavy ion collider at Brook- 
haven National Laboratory). 
Shorter term goals were to (a) 
develop a new, more modular 
data acquisition system during 
FY-95 and (b) finish and have 
ready for testing a cross-corre- 
lation system for analysis of 
multi-dimensional coincidence 
data. This provides an envi- 
ronment for development and 
use of high-speed, distributed 
data acquisition systems, and it 
gives INEL personnel involve- 
ment in the development and 
testing of new electronics and 
of new types of detectors. 

Studies of Nuclear Structure 
the Line of Beta Stability 

Continue participation in 
experiments with fragment 
mass analyzer (FMA) and 
Compton-suppressed Ge detec- 
tor array at ANL to look at 
charged particle evaporation 
channels in the light actinides 
for the study of stable octupole 
deformation. This will give us 
experience in using a new 
piece of equipment that has a 
greater sensitivity for recogni- 
tion of small signals in large 
backgrounds and pushes the 
sensitivity of gamma-ray spec- 
trometry. 

mass isotopes to search for 
rotational bands, including 
performing an angular correla- 
tion experiment to get informa- 
tion on gamma-ray multipolar- 
ities and level spins and an 
experiment at Berkeley to 
detect fragment mass and 
gamma rays at the same time 

Continue analysis for odd 

from 252Cf. These experiments 
will provide some of the basic 
nuclear information needed to 
apply GNAT to the identifica- 
tion of fissionable material for 
arms control and nonprolifera- 
tion and for waste manage- 
ment applications. This also 
provides the project for the 
pre-freshman program. 

Continue the complementary 
studies of the structure of neu- 
tron-rich nuclei off the line of 
beta stability using the INEL 
*s2Cf-based isotope separator 
system (ISOL). These nuclear 
structure data have direct 
applicability to arms control 
and non-proliferation. We are 
exploiting the unique capabili- 
ties of the ISOL to explore in a 
systematic manner selected 
properties of heretofore inac- 
cessible neutron-rich nuclides 
in the mass region 107<A<122. 

Pre-Freshman Program 

pre-freshman program by pro- 
viding realistic research work 
for the students. This program 
exposes the students to how 
scientific research is actually 
performed and enhances the 
teacher's knowledge in the sci- 
entific method. This is a high 
visibility, positive image pro- 
gram for Lockheed Idaho in 
the southeast Idaho communi- 
ty as well as Washington D.C. 

Continue involvement in the 

Accomplishments 
Studies of Heavy-Ion Interactions 
We participated in data collec- 

tion and on-line analysis for the 
Sept-Oct, 1994 experimental run of 
the E877 Experiment at the Alter- 
nating Gradient Synchrotron (AGS) 
at BNL. 

We completed development of 
the initial version of a network-dis- 
tributed =-based data acquisi- 
tion system for increased data 
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throughput, which is a spinoff of 
our work on the E877 Experiment, 
was completed. With our present 
computers, a sustained data trans- 
fer of about 3 Mbytes/sec has been 
measured. The speed of the trans- 
fer has been limited by the process- 
ing power of the CPUs we have. 
This is well above the experimental 
limitations imposed by the maxi- 
mum speed at which data can be 
written to an 8-m tape, which for a 
single drive is 500 kbytes/sec. This 
improved data acquisition concept 
has recently been used in arms 
control applications. 

Development of an on-line 
error monitoring method for the 
Oct-Dec 1995 run for the E877 
experiment was completed. The 
cross-correlation analysis program 
was written and awaits testing. A 
stand-alone program aimed at car- 
rying out a systematic study of the 
use of the technique on different 
multi-dimensional data sets with 
varying signal-to-noise characteris- 
tics is almost operational. The next 
phase of the development will be 
to make the necessary modifica- 
tions to allow the program to 
process large multi-dimensional 
data sets. 

The conversion of the VAX- 
PAK analysis package to run on 
the Nuclear Physics Silicon Graph- 
ics workstations was completed 
and resulted in a sigdicant 
improvement in program speed, 
especially in the display of two- 
dimensional data histograms 
where an order of magnitude 
improvement has been realized. 
The different versions of the analy- 
sis and replay programs share a 
common data format between the 
VAX VMS, VAX ULRIX, and SGI 
IRIX versions so that data can be 
seamlessly shared across network 
file service (NFS) mounted file sys- 
tems. 

Studies @Nuclear Structure 08 
the Line of Beta Stability 

A follow-up experiment to the 
'g4Po FMA/Experiment last year 

was performed using the 
Argonne-Notre Dame BGO to 
look for delayed gamma-rays in 
194Po. This is part of a series of 
experiments investigating the 
interplay of collective and single- 
particle structures in the neutron- 
deficient Po nuclei. 

We continued the research 
activity associated with the INEL 
ISOL facility in an active collabora- 
tion with the University of Idaho 
and with the Nuclear Science pro- 
ject. During FY-95, the research 
effort focused on analysis and 
interpretation of data, including 
the following: 

Using the recently completed 
total absorption gamma-ray 
spectrometer (TAGS) analysis 
methodology, which employs 
Monte Carlo generated photon 
and electron response func- 
tions and undertakes a com- 
plete accounting for all photon, 
electron, and internal-conver- 
sion electron summed cas- 
cades, it has been demonstrat- 
ed conclusively that the TAGS 
data are invaluable in assess- 
ing the completeness of 
deduced decay schemes for 
deformed rare-earth radionu- 
clides and in providing new 
information on previously 
undetected P-feeding compo- 
nents. Using the TAGS sys- 
tem, precise values were 
obtained for the ground-state 
(defined to include all levels 
below about 100 to 150 keV) 
P-branching intensities of sev- 
eral lanthanide radionuclides. 

A decay scheme has been 
established for the first time for 
the new isotope l55Nd, which 
includes population of some 36 
levels in 155Pm and establish- 
ment of the rotational band 
structures for the lowest 9 
energy levels. Decay schemes 
have been established for a 
19pm isomeric pair. This 
work, combined with the pre- 

viously completed 19Nd 
decay, provides unambiguous 
evidence for a 4+ spin-parity 
assignment to 154Pm (2.7 min). 

An experiment was performed 
at LBL with 252Cf using Gammas- 
phere and 36 detectors to further 
study threefold and higher coinci- 
dences. Over 30 gigabytes of 
triples data were collected. Analy- 
sis of the data from these experi- 
ments was initiated. We are build- 
ing a matrix of a gamma-gamma- 
gamma coincidences cube essential 
to these data and are looking at 
one or two fragments at a time. 
Primary emphasis is being placed 
on odd mass nuclei (which could 
be odd proton or odd neutron), 
which are not well known. From 
these data, we investigated the 
nuclear structure of odd-A 
109r111Ru nuclides and identified 
several new gamma rays in these 
isotopes. 

Analysis of x-ray/gamma-ray 
coincident data taken at the INEL 
was performed, and appropriate 
two dimensional matrices (x-x and 
x-gamma) were built. Besides pro- 
viding basic data required for 
developing systems to detect and 
identdy fissile material, these data 
allow us to study the nuclear struc- 
ture of some odd-N and odd-Z 
nuclei. 

Basic studies of the prompt 
gamma rays produced in the fis- 
sion process resulted in the identi- 
fication of sets of high energy 
gamma rays in Te-Zr and Te-Mo 
fission fragment pairs that are suit- 
able for use in fissile material iden- 
tification in nuclear weapons non- 
proliferation and waste manage- 
ment activities. 

softwares on our Silicon Graphics 
computer. The former is software 
for a wide range of peak-fitting 
applications, and the latter allow 
us to perform data analysis in 
three-dimensional space very 
quickly. 

We installed Fitek and Radware 
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A new detection system con- 
sisting of three DUET Ge detectors 
and eight neutron detectors was 
developed. The data acquisition 
system incorporating fast ADCs 
and fast digital electronics was 
implemented, and we are in the 
process of upgrading to the VME- 
based computer system with F E U  
readout capability instead of using 
the slow CAMAC bus readout, 
which had been used. 

The application of prompt 
gamma rays from fission was 
implemented in assaying radioac- 
tive waste drums at the RWMC 
using our gamma-neutron setup. 
We were able to identdy 240Pu in 
real 55-gal waste drums in the 
presence of a high activity concen- 
tration of 241Am. The coincidence 
technique used in our measure- 
ment reduces the background and 
increases the signal-to-noise ration 
significantly, which is essential in 
assaying very high-level wastes as 
the background problem causes 
misidentification of some radionu- 
clides. 

Pre-Freshman Program 
The Pre-Freshman Program 

continued. The group was able to 
identdy several rotational bands in 
odd mass isotopes and to identify 
new isotopes. This resulted in the 
publication of a paper. 

Recognition, Patents, and 
Publications 

We were the recipient of the 
prestigious 1995 R&D 100 Award 
for development of the Gamma 
Neutron Assay Technique (GNAT) 
for identification and assay of 
nuclear material. 

received for GNAT for use in 
nuclear weapons nonproliferation 
activities and in fissile materials 
waste management work. 

Nuclear Physics LTRI resulted in 
14 papers either published or 
accepted for publication in refereed 
journals and 23 papers presented 

A hlly executed patent was 

During FY-95, the work on the 

(by us or collaborators) at technical 
conferences. Data obtained from 
the ISOL studies are included in 
the Nuclear Data Sheets. 

New or Increased Technical Capability 
By our significant contribu- 

tions to selected areas of nuclear 
physics, the technical reputation of 
LITCO in selected areas of experi- 
mental nuclear physics has been 
maintained and enhanced. This 
has resulted in our ability to trans- 
fer advanced instrumental devel- 
opments and basic nuclear physics 
data pertaining to the nuclear fuel 
cycle into applied engineering pro- 
grammatic and mission-related 
marketing areas at the INEL. 
State-of-the-art instruments and 
techniques, developed for the 
research community, have success- 
fully been transferred to the INEL 
and utilized in a number of thrust 
areas (e.g., arms control and non- 
proliferation, waste management, 
nuclear operations, and technical 
transfer to industries). The net- 
work distributed WE-based data 
acquisition system has greatly 
increased our abilities in data 
throughput. The VAXPAK analy- 
sis package, which runs on the 
Nuclear Physics Silicon Graphics 
workstations, resulted in a si@- 
cant improvement in program 
speed. The cross-correlation analy- 
sis program enhances our ability to 
process large, multi-dimensional 
data sets. The nuclear data 
acquired has enhanced our abilities 
to develop isotope detection and 
assay systems. 

Business Development Opportunities 

capabilities provided by the 
Nuclear Physics LTRI puts us in a 
position to develop new isotope 
detection and assay techniques to 
address the needs in the areas of 
waste management and arms con- 
trol and nonproliferation. The 
enhanced data acquisition and pro- 
cessing capabilities put us in a 

The nuclear data and enhanced 

position to develop data acquisi- 
tion and control systems for a mul- 
titude of applications, including 
process control for industry. 

Condensed Matter 
LTRlOO30 

C. H. Sellers, C. D. VanSiclen, 
R. A. Anderl 

The Condensed Matter LTRI is 
intended to support basic condensed 
matter/materials research in areas of 
current or future interest to the INEL. 
The research primarily addresses 
defect phenomena, in recognition that 
defects generally control material 
properties. In keeping with the engi- 
neering missions of the INEL, the 
LTRl research considers structural 
(rather than electronic) defects, in par- 
ticular their generation, interaction, 
and evolution, and their effects on 
material properties and behavior in 
various environments. As such, the 
LTRl supports a wide variety of INEL 
and national interests; over FY-95, for 
example, LTRl research and person- 
nel benefited INEL programs in 
advanced materials processing, fusion 
safety, and waste management as 
well as CRADAs with the automotive 
industry. The Condensed Matter LTRI 
is unique among the LTRls in con- 
ducting both experimental and theo- 
retical research. 

This LTRl has historically main- 
tained very close ties with applied 
research programs at the INEL, in 
order that the (more basic) LTRl 
research activities complement and 
enhance those efforts. The LTRl has 
additionally sought out collaborations 
with regional and national universities 
and with the other national laborato- 
ries both to utilize expertise available 
elsewhere and to increase 
LITCO/INEL visibility within the techni- 
cal community. The Condensed Mat- 
ter LTRl also emphasizes journal pub- 
lication and symposia participation to 
disseminate the research. 
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Objectives 
Improve the properties of inert 
gas atomized hard magnetic 
powders through a better 
understanding of the correla- 
tions between alloy chemistry, 
particle microstructure, and the 
powder size-dependent mag- 
netic properties. 

Understand the nature of bina- 
ry and ternary intermetallic 
phase transitions by in situ 
studies of the temperature- 
dependent electrical and mag- 
netic properties. 

Understand the anomalous 
increase in the A.C. electrical 
resistivity of ferromagnetic 
materials near their Curie tem- 
perature (and other phase tran- 
sitions). 

Develop new electrical and 
magnetic instrumentation tech- 
niques for the characterization 
of materials. 

Develop a self-consistent 
description of solute diffusion- 
induced grain boundary 
migration, in conjunction with 
an experimental program at 
the INEL. 

Complete a study of inert gas 
bubble migration in solids. 

Pursue research opportunities 
in surface/interface physics, in 
particular those relating to crys- 
tal growth and atom diffusion. 

Accomplishments 

researchers have collaborated with 
General Motors/MAGNEQUENCH 
on the use of inert gas atomization 
as an alternative rapid solidifica- 
tion processing route for the pro- 
duction of rare earth permanent 
magnets based on Nd2FeI4B. Earli- 
er experiments at the INEL using 
the alloy composition in commer- 
cial production (produced by the 
melt spinning process) proved it to 

For several years, LTRI 

be unsuitable for atomization due 
to an  inadequate cooling rate. Sub- 
sequently, it was discovered that 
the composition could be modified 
to produce better properties and 
that gas atomization was an excel- 
lent method for studying the corre- 
lation between the material's 
microstructure and its magnetic 
properties (because of the range of 
cooling rates experienced by differ- 
ent powder particle sizes). Experi- 
ments were carried out at the 
National Synchrotron Light Source 
to determine the crystal and phase 
structures as a function of alloy 
composition, particle size, and heat 
treatment. Results of collabora- 
tions with Brookhaven National 
Laboratory and Utah State Univer- 
sity were presented at the 1995 
Intermag conference in San Anto- 
nio, Texas. When it became appar- 
ent that the increase in the rare 
earth content required to prevent 
undesirable phase formation also 
limited the magnetic properties 
(because of the reduction in the 
iron content), Dr. Dan Branagan 
was hired as post doc to explore 
more revolutionary ways of 
improving the quenchability of 
these alloys without sacrificing the 
magnetic properties. His initial 
experiments have shown that 
insightful alloying can improve the 
magnetic properties by allowing 
for an increase of the iron content 
over what was previously thought 
possible. This research has recent- 
ly received funding from DOE-BES 
and will continue (and expand) 
under their sponsorship. Much of 
this research is presented in the 
two papers, Phase Composition 
and Magnetic Characteristics of 
Inert Gas Atomized RE2Fe14B- 
Based Powders and Magnetic 
Hardening Mechanism of As-Gas 
Atomized Nd(Dy)-Fe-B Powders 
Bonded Magnet, to be published in 
IEEE Transactions in Magnetics. 

Collaborative work with Dr. 
Richard Wright over the last sever- 
al years has shown the applicabili- 

ty of using electromagnetic analy- 
sis techniques to study the phase 
transformations in high tempera- 
ture structural intermetallics (such 
as Fe3Al). In the past, several can- 
didate high-strength (also wear 
and corrosion resistant) alloys were 
studied, but a need was seen for 
more basic studies on carefully 
prepared series of samples. This 
would allow for an in-depth 
understanding of the relationship 
between the phase transitions and 
the electromagnetic response. 
Ternary Fe-AI-Ti alloys were pre- 
pared and studied to determine the 
effect of substitutions. The most 
recent research focuses on the elec- 
trical and magnetic properties of 
binary Fe-Al alloys with a wide 
range of compositions. The equilib- 
rium binary phase diagram has 
been determined using these meth- 
ods, and it is in good agreement 
with other experimental and theo- 
retical results. The magnetic prop- 
erties were found to depend only 
on the nearest neighbor environ- 
ment and could be modeled accu- 
rately. These results are presented 
in a paper, Electrical and Magnetic 
Properties of Binary Fe3Al Alloys, 
to be submitted for journal publica- 
tion in M-96. 

Work on the ferromagnetic 
iron aluminides indicated that the 
ac electrical resistivity showed an 
anomalous response close to the 
ferromagnetic /paramagnetic tran- 
sition. This phenomenon had been 
occasionally observed, but not 
explained in the literature. We 
have developed a model based on 
the total magnetic energy of the 
system that indicates that, when 
close to the Curie temperature, the 
magnetocrystalline anisotropy 
(which tends to align the individ- 
ual moments with certain crystallo- 
graphic axes) is weak, and the 
direction of the spins randomizes, 
scattering conduction electrons 
excessively. From this, we could 
predict that there should be certain 
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other instances when the total 
magnetocrystalline anisotropy was 
small where the resistivity was 
affected. Pure samples of the tran- 
sition element ferromagnets (Fe, 
Ni, and Co) were studied, and the 
anomaly was indeed found at tem- 
peratures well below Tc, because 
of a change in the easy axis of mag- 
netization. This work is presented 
in a paper, On the Electrical Prop- 
erties of Ferromagnetic Materials, 
to be submitted for journal publica- 
tion in early FY-96. 

With additional LDRD fund- 
ing, techniques were developed to 
detect microstructural changes 
within stainless steel 304 due to 
mechanical deformation. Dr. Ken 
Telschow has begun to apply a 
SQUID sensor as a technique for 
nondestructive evaluation (NDE), 
and a quantitative measurement of 
the weakly ferromagnetic (due to 
fatigue-induced magnetic precipi- 
tates) samples was necessary for 
calibration of this new technique. 
Samples were removed from a 
fatigued specimen so as not to 
induce additional transformations 
and the amount of ferromagnetic 
martensite was measured with the 
LTRI vibrating sample magne- 
tometer (VSM). The excellent cor- 
relation between the saturation 
magnetization (measured by the 
VSM) and the remnant magnetiza- 
tion (measured by the SQUID) 
demonstrated the complementary 
nature of the two techniques and 
will allow SQUID results to be 
more quantitative. Methodologies 
were then developed to use the 
SQUID sensor to spatially resolve 
the martensite content of large 
fatigue specimens. These tech- 
niques are included in the paper, 
Electromagnetic Measurements for 
Materials Characterization, to be 
published in Reviews of Quantitative 
Non-Destructive Evaluation. 

Collaborative research with 
Oak Ridge National Laboratory, 
performed over FY-94, has recently 

been published Radiation-Induced 
Electrical Degradation in Crys- 
talline Al203: A Bulk Effect, lour- 
nal of Nuclear Materials 219, 176 
(1995). A description of this 
research is provided in the LTRI 
FY-94 Project Report. 

During processing of rapidly 
solidified powders, the initial, 
interlocking dendritic structure of 
the powder particles is replaced by 
a granular microstructure that 
characterizes the sintered solid 
material. The evolution of the 
microstructure is believed to be 
due to grain nucleation at the den- 
drites followed by grain boundary 
(GB) migration. In the absence of 
stresses, the GB motion is driven 
by the increase in entropy that 
occurs as the solute distribution in 
a region becomes more homoge- 
neous. The most favorable diffu- 
sion path for solute atoms is within 
the GB, so solute atoms swept up 
by the moving GB are expected to 
diffuse within the GB in response 
to the solute concentration gradient 
there, and then to be deposited in 
the new grain as the GB moves on. 
This scenario has been formulated 
in a model consisting of a set of 
highly nonlinear differential equa- 
tions and boundary conditions. 
Given the initial solute distribu- 
tion, the GB velocity and final 
solute distribution can be calculat- 
ed. This research is coordinated 
with a DOE-BES experimental pro- 
gram at the INEL that will measure 
these quantities in situ for alu- 
minum powder particles contain- 
ing a dilute concentration of silver. 
Publication of this research is antic- 
ipated in FV-96. 

Development of a novel, 
vacancy-diffusion mechanism by 
which gas bubbles in solids may 
preferentially migrate towards 
grain boundaries and free surfaces, 
begun during FY-94, has been com- 
pleted and is presented in the 
paper, Migration of Gas Bubbles in 
Solids Towards Vacancy Sources, 

Philosophical Magazine Letters 72,41 
(1995). It is shown that gas bub- 
bles will migrate up a vacancy con- 
centration gradient (produced, for 
example, by annealing the materi- 
al) since vacancy capture is 
anisotropic at the bubble surface 
while vacancy emission into the 
bulk is isotropic. Conflicting 
experimental data on inert gas 
bubble distributions taken over 
several decades a~ thus monciled, 
and a cleax experimental sigrlature for 
this mechanism is provided. This 
is an important paper because it 
provides a convincing explanation 
for the anomalously rapid diffu- 
sion of inert gases to grain bound- 
aries observed in fusion reactor 
materials. (The competing mecha- 
nism of thermal resolution of gas 
atoms from bubbles and their sub- 
sequent diffusion to the grain 
boundaries is simply not physically 
viable.) This work should influ- 
ence various aspects of reactor 
research; more immediately, this 
mechanism will be incorporated 
into gas transfer codes used to 
design new reactors and to moni- 
tor aging reactors. This mecha- 
nism may additionally account for 
the gas release behavior found dur- 
ing annealing of irradiated berylli- 
um samples here at the INEL. The 
application to these experimental 
results is discussed in the paper, 
Tritium and Helium Release From 
Irradiated Beryllium, by R. A. 
Anderl et al., presented last May at 
the Fifth Topical Meeting on Tritium 
Technology in Fission, Fusion, and 
Isotopic Applications held in Italy. 

A catalog of mechanisms for 
diffusion of large adatom (and 
vacancy) clusters on metal sur- 
faces, inspired by recently pub- 
lished experiments and drawing on 
LTRI expertise in crystal growth 
and diffusion processes, is present- 
ed in the paper, Single Jump Mech- 
anisms for Large Cluster Diffusion 
on Metal Surfaces, Physical Review 
Letters 75, 1574 (1995). Clear exper- 
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imental signatures are provided for 
the various mechanisms, including 
circular cluster diffusion by corre- 
lated adatom evaporation and sub- 
sequent condensation at the cluster 
periphery, and faceted cluster dif- 
fusion by evaporation and conden- 
sation of facet ledges. Both these 
particular mechanisms are novel, 
and both are verified by experi- 
ment. This is an important paper 
because it resolves a fundamental 
issue in cluster dynamics at sur- 
faces, and so has implications for 
studies of thin film and crystal 
growth, catalysis, and other surface 
processes. 

Research performed during 
FY-94 has been published Indium 
Adatom Diffusion and Clustering 
on Stepped Copper Surfaces, Physi- 
cal Review B 51,7796 (1995). 
Aspects of this work were also pre- 
sented at the American Physical 
Society March meeting in San Jose, 
California. A description of this 
research is provided in the LllU 
FV-94 Project Report. 

Recent experiments have 
shown that an initial coverage of a 
fraction of a monolayer of antimo- 
ny promotes two-dimensional, 
layer-b y-layer homoepitaxial 
growth at silver surfaces. This is a 
very interesting discovery, as such 
layer-by-layer growth required for 
microdevice fabrication is other- 
wise achieved only for particular 
(and very restrictive) atom deposi- 
tion conditions; more generally, 
three-dimensional isZunds are 
formed on the surface. Total ener- 
gy calculations performed under 
the LTIU show that the proposed 
mechanisms for this surfactant- 
induced growth mode (the surfac- 
tant atoms nucleate clusters, or 
lower the energy barrier for inter- 
layer transport) are not viable. 
Instead, the surfactant atoms (e.g., 
antimony), which are embedded in 
the topmost atomic layer of the 
host (e.g., silver), pin the cluster 
edges and thereby slow the lateral 

growth of the clusters. The result- 
ing cluster size is too small to per- 
mit nucleation of second-layer clus- 
ters, so that the supersaturation of 
deposited adatoms is accommodat- 
ed by increased first-layer cluster 
nucleation on the substrate. Thus, 
a high density of very small clus- 
ters is created, which is well 
known to lead to layer-by-layer 
growth. Upon completion of an 
atomic layer, the buried surfactant 
atoms diffuse towards the surface 
and the cluster nucleation and 
growth cycle begins anew. An 
invention disclosure record, 
Method for Promoting Atomically- 
Smooth Homoepitaxial Growth at 
Metal Surfaces (LIT-PI-161), which 
discusses other potential surfac- 
tant-host systems as well as appli- 
cations of this phenomenon, has 
been submitted to the Technology 
Transfer Office, and a scientific 
paper, Step-Pinning Mechanism for 
Surfactant-Mediated Layer-by- 
Layer Homoepitaxial Growth, has 
been submitted for journal publica- 
tion. 

New or Increased Technical Capability 
We have continued to refine 

our electromagnetic measurement 
techniques; we now make some of 
the most precise measurements at 
high temperatures in the world. 

With Dr. Ken Telschow, we 
began the development of a system 
and methodology for the use of a 
HTSC SQUID sensor as an NDE 
technique. Because of its recent 

Close-packed, Type A and type B Steps 
on the Cu (1 11) Surface 

arrival on the market, we are 
among the first to consider this 
application. 

In response to interest by fund- 
ing sponsors and industry collabo- 
rators, we have initiated construc- 
tion of an additional gas atomizer 
to provide more capacity. The new 
atomizer will have additional fea- 
tures to enhance our current capa- 
bilities, and is being designed at 
minimal cost in order to facilitate 
eventual transfer of the technology 
of small, inexpensive atomizers. 

Dr. Dan Branagan was hired to 
bring expertise in alloy design and 
evaluation, and to initiate collabo- 
rations with Ames Laboratory, a 
traditional rival of the INEL in the 
area of gas atomization. 

LTRI publications, presenta- 
tions, and collaborations continue 
to increase national awareness of 
the technical capabilities residing 
at the INEL. 

Business Development Opportunities 
Visi Trak (NDA) contacted Dr. 

Sellers to investigate magnetic 
proximity sensing techniques. Dr. 
Sellers visited their plant to assess 
what the INEL could contribute. 

Marlow Industries (NDA) con- 
tacted Dr. Sellers to seek assistance 
in developing a production facility 
for gas atomization of semiconduc- 
tor thermoelectric elements. Our 
experience with atomizers and 
atomization should prove valuable 
to the design of the new plant. 

The shaded circles are Cu atoms 
at surface lattice sites in the 
upper terrace; the open circles 
are Cu atoms at sites in the lower 
terrace and below. The two dark 
circles are In adatoms at trapping 
sites at the two types of steps. 
the letters A and B superposed 
on the upper terrace indicate the 
two distinct adatom binding sites 
on a Cu (1 11) terrace. 
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CRADAs with the two GM 
divisions Delphi and MAG- 
NEQUENCH, with which LTRI 
personnel are involved, continue activities. 

to be fruitful. We anticipate that 
success in the two research areas 
will lead to commercialization 

The shaded circles are Cu atoms at surface lattice sites 
in the upper terrace; the open circles are Cu atoms at 
sites in he lower terrace and below. The two dark cir- 
cles are In atoms at trapping sites at the two types of 
steps. tHe letters A and B superposed on the upper 
terrace indicate the two distinct adatom binding sites on 
a Cu (1 11) terrace. 

00000 
Type A step on the Cu (1 11) Surface 

The inusoidal d sh d curve represents the energy vari- 
ation of the system as a Cu adatom migrates along the 
base of the step: the alternating minima and maxima 
correspond to equilibrium sites (0 eV) and saddle points 
(0.25 eV), respectively. The Cu adatom position is 
given in units of the surface lattice spacing (2.5562A) 
measured along the step from the surface atom labeled 
E. Similarly, the dotted curve and the curves labeled E 
and F represent the energy variation of the system 
when surface atoms at sites C, E, and f ,  respectively, 
are replaced by an In atom. 
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Fe-AI alloys crystallize into several dif- 
ferent intermetallic phase structures 
(a, DO3, and AB2) depending on their 
composition. An electrical and mag- 
netic study of these materials has 
illustrated the nature of phase transi- 
tions in this system and show that the 
magnetic properties result from Fe 
nearest-neighbor interactions only. 
The model results illustrated are 
derived from an examination of the Fe 
population surrounding each Fe atom, 
in each crystal structure. These mate- 
rials have many potential industrial 
applications because of their strength 
at high temperature, and their wear 
and corrosion resistance. 
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Theoretical Chemistry 
LTRI 0040 

e 

R. A. LaViolette 

The Theoretical Chemistry 
LTRI concentrated on molecular or 
mesoscopic modeling for four dis- 
tinct research topics: Condensation 
of metal particles in a plasma 
quench reactor; ionic oxide materi- 
als, diffusion in the presence of 
random traps; and a novel ener- 
getic material. Research in these 
areas has produced, for FY-95, 
eight articles in refereed journals, 
two articles for refereed proceed- 
ings, six invited presentations, and 
one contributed presentation. 
Research in each area has con- 
tributed to the INELs modeling 
capability, by providing new mod- 
els or techniques (some unique to 
the INEL) for molecular or meso- 
scopic modeling of materials or 
processes employed in industrial 
or remediation applications. 
Research in three of the four areas 
has resulted in proposals to the 
INEL's University Consortium, the 
EPA, and DOE, respectively. 

Objectives 
e 

e 

e 

e 

e 

Finish a model of nucleation of 
metal particles in the plasma 
quench reactor. 

Implement new theory of 
nucleation in a steady-state 
code. 

Calculate nucleation rates and 
particle size distributions for a 
variety of metals in a model 
argon plasma quench reactor. 

Develop a molecular theory 
and model of ionic oxide mate- 
rials. 

Implement lattice dynamics 
calculations for solids. 

Implement molecular dynam- 
ics calculations for liquids. 

e 

e 

e 

Generalize our stochastic 
model of diffusion in the pres- 
ence of random traps. 

Idenbfy the most typical 
events in anomalous diffusion 
(previous analysis only consid- 
ered averages). 

Begin investigation of a novel 
high-energy density material. 

Calculate electronic structure 
of various solids of spin polar- 
ized metastable excited triplet- 
state (ls2s) helium, including 
band structure, the density of 
states, and the zero-tempera- 
ture equation of state. 

Calculate electronic structure 
of various antiferromagnetic 
configurations of triplet helium 

Technical Accomplishments 

leaders in developing plasma 
quench technology. This effort 
was intended to provide a view of 
the nucleation process for metals 
condensing in a plasma quench 
reactor presently inaccessible via 
experiment. We first developed a 
theory of the nucleation process in 
a steady-state nozzle flow, and 
then a code to implement the theo- 
ry. Our code (nozzle) requires only 
basic information about the flow of 
the non-condensing carrier gas 
(e.g., temperature, density, veloci- 
ty), which is available either from 
experiment or routine computa- 
tional fluid dynamics calculations, 
and basic about the condensing 
metal information (e.g., melting 
point, surface tension, vapor pres- 
sure), which is available from the 
literature. For the first time, we are 
able to observe, via the model, the 
steady-state supersaturation, nucle- 
ation rate, mean particle number, 
mean particle size, and particle- 
size distribution, at any point 
inside the reactor. So far, 11 metals 
have been examined. Besides our 
ability to accurately predict primary- 

The INEL has been one of the 

particle size distributions, we are 
able to explain the origins of multi- 
ple particle size distributions. The 
results are summarized in a journal 
publication and two proceedings 
from invited presentations., This 
work was carried out in collabora- 
tion with Dr. R.A. Berry here at the 
INEL, and Dr. R.L. McGraw at 
Brookhaven National Laboratory. 

Most geologic substances (e.g., 
soils, sand, and rocks) and ceram- 
ics consist of ionic oxides, sulfides, 
or nitrides. We have developed a 
new theory for the ground-state 
molecular properties of ionic (non- 
transition metal) oxide materials. 
With it, we calculate the molecular 
interactions among cations and 
oxygen ions from first principles, 
i.e., without empirical input. With 
these molecular interactions in 
hand, we can calculate the thermo- 
dynamic and thermoelastic proper- 
ties of any of the phases of ionic 
oxide materials. We have recently 
begun to extend our work on 
oxides to sulfides and nitrides. So 
far, we have calculated thermody- 
namic and thermoelastic properties 
for solids of all of the rare-earth 
oxides, some perovskites (both 
oxide and sulfide), alumina, alu- 
minum nitride, and the as yet 
unsynthesized sulfur analogue to 
ferroelectric barium titanate (the 
archetypal material for solid state 
RAM). We have also begun to cal- 
culate the properties of liquid CaO 
and liquid alumina. Detailed 
results are contained in five journal 
articles (three in print, one in press, 
and one just submitted) and one 
unpublished invited presentation. 
This work was carried out in col- 
laboration with Dr. A. Chizmeshya, 
formerly an AW/INEL Postdoc- 
toral Fellow, and Prof. G.H. Wolf 
and his students in the Materials 
Research Group at Arizona State 
University. 

One of the sigruficant prior 
accomplishments for Theoretical 
Chemistry was the discovery of 
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anomalous diffusion in the pres- 
ence of random traps. In that 
work, we discovered, among other 
things, that the average properties 
of the diffusing plume were domi- 
nated by rare events, namely, bal- 
listic trajectories rather than 
Brownian trajectories. We have 
since extended OUT work, in which 
we focused only on average prop- 
erties, to those corresponding to 
the most typical events. This analy- 
sis is called for because of the 
unusually wide separation 
between rare and typical events. 
One of the remarkable results of 
this analysis shows that even the 
typical trajectories still show anom- 
alies. Results of this and previous 
work were contained in an invited 
presentation at a national geo- 
science conference. A full-length 
article is in preparation, in collabo- 
ration with Prof. D.H. Dunlap at 
the University of New Mexico and 
Prof. P.E. Parris at the University 
of Missouri-Rolla (of whom each 
have visited the INEL under AWU 
auspices). 

Both chemical propellants and 
explosives probably will see little 
more than incremental improve- 
ments in energy or power release, 
as has been the case to date since 
World War II, unless a method is 
found to incorporate and stabilize 
excited electronic states in ener- 
getic materials. Through a first- 
principles solid-state electronic 
structure calculation, we have dis- 
covered that a hypothetical solid of 
spin-polarized excited triplet-state 
helium atoms (He*) does not spon- 
taneously decay to the ground 
state through conversion to singlet 
states. Our calculation is the first 
of its kind; the result just quoted 
and suggests that a solid of spin- 
polarized He* might be metastable. 
Here, metastable would mean that 
the solid might have a lifetime of 
between a few seconds and a few 
hours. An ounce of such a material 
would release 13.6 MJ of energy 

and 680 TW of power, or about 100 
times the energy and 5,000 times 
the power of an ounce of TNT 
(N.B. commercial dynamite is 
between 20% and 60% TNT). Fur- 
ther work is needed to assess other 
potential destabilizing influences 
before the feasibility of condensing 
such a phase can be determined. 
These first results have been pre- 
sented at a national physics meet- 
ing, at two invited university collo- 
quia, and have been published as a 
letter in a physics journal. A full- 
length follow-on to the letter is 
expected to be completed at the 
end of FY-95. This work was car- 
ried out in collaboration with Dr. 
T.J. Godin, formerly an 
AWU/INEL postdoctoral fellow, 
and Dr. A.C. Switendick, a consul- 
tant for the INEL whose contract 
ends this year. 

New m Increased Technical Capabilities 
The code for modeling nucle- 

ation and condensation of metals 
in a plasma quench reactor is a 
new capability for and unique to 
the INEL. If plasma quench pro- 
cessing becomes important at the 
INEL, this capability is now ready 
to assist. 

The theory and code for molec- 
ular modeling of ionic oxides, sul- 
fides, and nitrides is a new capabil- 
ity for the INEL, and is presently 
shared only with the Materials 
Research Group at Arizona State 
University. As it matures, it is 
expected to see application to geo- 
chemical (including soil remedia- 
tion) problems, to problems of 
detection of hazardous materials 
bound to geologic media, and to 
modeling of ceramics for industrial 
applications. Work in this area is 
expected to continue under anoth- 
er LDRD. 

The theory and code for diffu- 
sion and infiltration of contaminant 
plumes in the presence of random 
traps is expected to become a sub- 
stantial portion of a new LTRI ded- 

icated to flow in porous geologic 
media (C.P. Thomas Ph.D., PI). It 
is expected to be employed in 
assessing natural and biological or 
chemical in situ soil remediation 
schemes. It also has applications to 
modeling a new class of reactive 
polymer membranes for chemical 
separations that are being pro- 
posed for development at the 
INEL. This modeling effort there- 
fore is expected to continue for 
membrane applications under 
another LDRD, in addition to the 
applications to remediation antici- 
pated under the new LTRI. 

If our prediction of the 
metastability of a new energetic 
material results in an attempt to 
synthesize it, it will almost certain- 
ly require a cold positron plasma 
as a coolant. The INEL is a center 
of expertise in the production of 
positrons for plasmas and 
microscopy. Therefore, if conden- 
sation of excited triplet helium is 
feasible, the INEL would be among 
the most suitable sites to pursue its 
synthesis. 

Business Development Opportunities 
Our modeling expertise for the 

plasma quench reactor has been 
incorporated into a proposal to the 
INEL's University Consortium 
from the University of Idaho. 
(Three years, $665K). 

Our modeling expertise for 
plumes infiltrating porous geologic 
material in the presence of random 
traps led to a joint proposal with 
the University of New Mexico to 
the Environmental Protection 
Agency. Although our bid was not 
successful, we expect to resubmit 
on the next call. (Three years, 
$300K). 

ic structure of condensed spin 
polarized excited triplet-state heli- 
um has led to a solicitation from 
the Office of Advanced Energy 
Programs, Basic Energy Sciences 
(DOE-ER) for a proposal. A joint 

Our elucidation of the electron- 
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proposal with the University of 
Nevada, Reno and the University 
of Missouri, Rolla, is in prepara- 
tion. (Three years, $l.lM) 

A list of the relevant papers 
described in this summary is avail- 
able form R. A. LaViolette. 

Computational 
Mechanics 

LTRlOO50 

R. W. Douglass 

The Long-Term Research Initia- 
tive in Computational Mechanics was 
established to provide a mechanism 
through which basic technical compe- 
tence in computational mechanics 
could be maintained at the Laboratory 
and so that the Laboratory might be 
more nationally competitive in compu- 
tationally based research and devel- 
opment. To that end, in fiscal year 
1995, the project supported two major 
research emphases: basic computa- 
tional capability development and spe 
cific applications areas. The first 
emphasis area was directed at provid- 
ing core computing capabilities for 
new and/or developing computing 
ideas and needs. These projects 
included advanced iterative solution 
methods, higher-order numerical 
methods, advanced (parallevVector) 
computing methods, advanced CFD 
graphics development, and interfacial 
dynamics. The second area focused 
on specialized applications of compu- 
tation including improved chemistry 
models for industrial process model 
development and bioremediation and 
sub-surface transport models for envi- 
ronmental analysis. The LTRI-CM 
staff published 1 1 journal articles and 
presented nine conference papers 
(one invited). Contacts with industry 
have been made, and university col- 
laborations have been either initiated 
or maintained. The copyrighted soft- 
ware tool Xcuber, an improved graph- 
ics product for 2- and 3-0 animation 
and display of vector and scalar data, 
is moving toward licensing. 

Objectives 
Computational Capability Devel- 

opment 
This category funds new algo- 

rithmic areas and their improve- 
ment to provide INEL core model- 
ing capabilities in support of multi- 
ple programmatic areas. 

0 Advanced Iterative Solution 
Methods 

- Complete dissertation on 
development of advanced iter- 
ation algorithms. 

- Continue doctoral dissertation 
research on iterative methods 
for kinetic modeling of colli- 
sional plasmas. 

- Publish an article on damped 
artificial compressibility 
schemes. 

Higher-Order Numerical 
Methods 

- Publish papers on higher-order 
methods for fluid simulation 
codes. 

- Complete dissertation on a 
finite element technique with 
spatially varying time steps. 

Advanced Computing Methods 

- Continue research on scalabili- 
ty for parallel computation of 
compressible flows 

- Publish or present research on 
parallel computation 

Advanced CFD Graphics 
Development 

- Continue enhancement/ 
improvement of Xcuber, a 
copyrighted software tool. 

- Publish work based on Xcuber 

Interfacial Dynamics 

- Publish research on fractal 
analysis of interfacial mixing of 
two fluids. 

Applications Areas 
The objective of this category is 

to develop modeling tools and 
implement advanced computation- 
al methods in support of new and 
existing INEL programmatic areas. 

Industrial Processing 

- Develop a capability to simu- 
late multicomponent two-tem- 
perature plasmas for chemical 
synthesis and materials pro- 
cessing. 

- Develop ability to model flows 
with heterogeneous chemistry. 

Environmental Analysis 

- Develop capability for simulat- 
ing in situ biodegradation of 
organic materials. 

- Develop capability to model 
sub-surface colloid-facilitated 
transport of contaminants. 

Establish relationship with Lock- 
heed Martin Corporate Task Force on 
Advanced Computing 

Accomplishments 
Newton-Krylov Algorithmsfor 

Low Mach Number Compressible 
Fluid Flow and Heat Transfer Prob- 
lems (Ph.D. Dissertation Research), P. 
R. McHugh 

Newton-Krylov algorithms 
were investigated for solving 
strongly coupled, nonlinear sys- 
tems of partial differential equa- 
tions arising in computational fluid 
dynamics. An appropriate system 
of nonlinear algebraic equations 
are linearized using Newton's 
method. Preconditioned Krylov 
subspace iterative algorithms then 
solve the linear systems on each 
Newton iteration. Mesh sequenc- 
ing, adaptive damping, pseudo- 
transient relaxation, and parameter 
continuation techniques are used 
to improve solution efficiency and 
simplified using numerical Jaco- 
bian evaluation. The final exami- 
nation was passed in March 1995. 
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P. R. McHugh was invited to the 
Workshop on Iterative Methods for 
Large Scale Nonlinear Problems 
(paper and poster). Publications: 
three journal articles and three con- 
ference presentations . 

Kinetic Modeling of Collisional 
Plasmas (Ph.D. Dissertation 
Research), V .  A. Mousseau 

The objective is to develop 
numerical methods that will make 
kinetic modeling of realistic prob- 
lems viable. The integro-differen- 
tial nature of the kinetic equations 
results in large matrices because of 
their bandwidth and number of 
unknowns, which has historically 
prohibited a fully coupled solution. 
The Matrix-Free Newton-Krylov 
iteration technique was implement- 
ed and has shown at least an order 
of magnitude speed-up over other 
methods for computing a steady 
state solution of a model problem. 
Publications: one journal article in 
preparation. 

Iteration Scheme for Implicit Calcula- 
tions of Unsteady Incompressible 
Flows, J. D. Ramshaw and P. R. 
McHugh 

An artificial compressibility 
iteration scheme was developed 
that accelerates convergence of the 
iteration algorithm. This was done 
using a new procedure for setting 
the artificial compressibility para- 
meter and by introducing an artifi- 
cial bulk viscosity into the momen- 
tum equation. This scheme was 
used to solve the nonlinear equa- 
tions resulting from a fully implicit 
time differencing scheme for 
unsteady incompressible flow. 
Publications: two journal articles. 

Higher-Order Numerical Meth- 
ods, H. D. Nguyen 

The objective is to develop a 
method to accurately solve the 
equations arising in fluid dynamics 
and in heat and mass transfer. A 
spectral method was developed for 
problems in spherical and cylindri- 
cal coordinate systems by combin- 

Damped Artificial Compressibility 

ing the accuracy of spectral meth- 
ods and the generality of finite ele- 
ment methods. This hybrid 
method has been applied to two- 
phase convective heat transfer 
problems. Publications: one jour- 
nal article, one in review, and one 
conference paper. 

A Finite Element Technique with 
Spatially Variable Time-Steps (Ph.D. 
Dissertation Research), P. G. Jacobs 

Finite element schemes for 
transient convection-diffusion 
problems on grids with local 
refinement in time and space were 
studied. An efficient precondition- 
er for the composite problem was 
presented. Theoretical results 
include stability analysis, some 
error results, and convergence 
results. Numerical results illustrat- 
ing the known theoretical results 
and demonstrating expected 
results were found. The final 
examination was passed in July 
1995. 

Scalability of Preconditioners for 
Parallel Computation of Compressible 
Fluid Flow (Ph.D. Dissertation 
Research), G. A. Hansen 

A general parallel solution 
technique for non-linear algebraic 
systems is the goal of this research. 
Three capabilities make this 
research unique and establish the 
INEL as a leader in this area: (1) 
the fully coupled robust solution of 
poorly conditioned, highly non-lin- 
ear systems without user-tuning of 
the algorithms, (2) a scalable, paral- 
lel solution technique based on 
preconditioner, Jacobian, and 
matrix-free algorithm scalability on 
commodity hardware, and (3) the 
wide applicability of parallel tech- 
niques to diverse engineering 
problems. A two-dimensional, low 
Mach number flow over a back- 
ward-facing step forms a challeng- 
ing test problem. An inexact New- 
ton technique is used to linearize 
the associated algebraic system, 
and a preconditioned Krylov sub- 
space method is used to solve the 
resulting linear system. The Jaco- 
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zation of unstable fluid interfaces 
using dimensional analysis and 
fractal theory with the ultimate 
goal of being able to correlate 
interfacial growth and transport 
rates. Publication: one journal arti- 
cle in review. 

Difision Formulation for Multi- 
component Two-Temperature Plasmas 
B Heterogeneous Chemist y Model 
Development, J. D. Ramshaw and C. 
H. Chang 

Two-temperature plasma for- 
mulations provide an enhanced 
capability for plasma modeling 
applied to chemical synthesis and 
materials processing. Currently, 
the ideal magnitohydrodynamics 
(MHD) case, where elecbcon mass 
is neglected, was completed. The 
model will be enhanced to include 
the resistive (non-ideal) MHD case. 
The heterogeneous chemistry pro- 
ject was initiated to model many 
material/waste processing con- 
cepts proposed by the INEL, 
including black-liquor gasification 
for paper industries and material 
synthesis using plasma quench 
reactors such as Ti02 synthesis, 
UF6 reduction, and natural gas 
conversion. The most important 
enhancement to the currently avail- 
able model is to include fully cou- 
pled chemical kinetics of gas-phase 
reactions and condensation kinet- 
ics. Equilibrium condensation can 
be determined at this time. More 
realistic condensation kinetics will 
be developed along with general- 
ization of particle logic for nucle- 
ation. 

Biodegradation 8 Sub-surface 
Transport Phenomena, H.D. Nguyen 

A two-dimensional finite ele- 
ment-based computer code is being 
written for simulating in situ 
biodegradation of organic materi- 
als. Plans are to include additional 
phenomena to simulate the trans- 
port in an aerated compost pile 
undergoing biodegradation. This 
modeling tool will enhance the 
development of bioremediation 
and composting technologies cur- 

rently being studied by the Biotech- 
nology LTRI under R Cherry. The 
sub-surface transport project aims 
at enhancing understanding of the 
fate of contaminants in geological 
media and the coupling between 
transport mechanisms. The mecha- 
nism being studied is colloid-facili- 
tated transport, considered one of 
the important pathways for conta- 
minant migration and is speculated 
to be the cause for the discrepancy 
between predicted data and field 
observations. Publications: one 
journal in press plus one in prepa- 
ration. 

Establish relationship with Lock- 
heed Martin Corporate Task Force on 
Advanced Computing (R. W. Dou- 
glass). 

Contact with Dr. P. Raj, Chair 
of the Task Force, was established 
in July, 1995 by R.W. Douglass. 

New or Increased Capability 

Methods 
Advanced Iterative Solution 

Established INEL as a world 
class leader in the research and 
application of advanced New- 
ton methods for solution of 
highly nonlinear algebraic sys- 
tems of equations. 

Improved capability to solve 
highly nonlinear, coupled alge- 
braic systems. 

Invited to attend Workshop on 
Iterative Methods for Large 
Scale Nonlinear Problems held 
at Utah State University. 

Higher-Order Methds 
Enhanced expertise in apply- 
ing spectral methods to com- 
plex flow problems. 

Advanced Computing Methods 
Attained new capability in 
applying parallel and vector 
processors to complex applica- 
tiOnS. 

Expertise in message-passing 
methods for distributed 
processors. 

on parallel solution methods for a 
combustion problem (Sixth SIAM 
International Conference on 
Numerical Combustion.) 

Invitation to demonstrate par- 
allel techniques at the 31st 
National Heat Transfer 
Conference. 

Advanced CFD Graphics Devel- 
opment 

Improved capability to ani- 
mate/analyze two- and three- 
dimensional scalar/vector data 
sets. 

Expertise in X11, Motif, and 
GL libraries. 

Expertise in parallel methods 
for graphics (Parallel Virtual 
Machine). 

New capability in applying 
functional parallelism (vis-a- 
vis, domain decomposition) to 
CFD applications. 

lntdacial Dynamics 
Expertise in the dynamics and 
scaling of two-fluid mixing. 

Industrial Processing 
World class expertise in model- 
ing plasma dynamics. 

New ability to model combus- 
tion, combustion flame spray- 
ing, complex chemical reac- 
tions. 

Expertise in desigdscale- 
up/optimization of 
plasma/advanced chemistry 
applications. 
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Expertise in developing and 
implementing scalable parallel 
algorithms into applications. 

Expertise in vector processors. 

Expertise in applying shared 
memory processors to applica- 
tions 

Expertise in Cray C-90 archi- 
tectures 

Invitation (Dr. Keyes, ICASE) 
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Environmental Analysis 

simulation of in situ biodegra- 
dation of organic materials. 

Enhanced capability to model 
sub-surface transport of conta- 
minants by including colloid- 
facilitated transport mecha- 
niSmS.  

New modeling capability for 

Business Development Opportunities 

Internal Business Units 
Implementing advanced itera- 
tive methods, higher-order dif- 
ferencing methods, and paral- 
lel solution techniques into 
RELAP5 (Advanced Nuclear 
Energy Products) via a FY-96 
LDRD proposal. 

Black liquor gasification for 
paper industries depends on 
the optimization and control of 
condensation kinetics. An 
LDRD proposal for FY-96 
including model development 
was submitted. 

Concepts based on nonequilib- 
rium thermal processes for 
material/chemical synthesis 
have been proposed as LDRD 
projects for FY-1996. 

0 Joint FY-96 LDRD submitted 
(with Robotics) on experiments 
and model development for 
cryogenic liquid Nitrogen 
cutting. 

FY-96 LDRD submittal 
(Advanced Computer Interface 
Department) on development 
of a generic object-oriented 
user interface for input specifi- 
cation and computational 
steering of software 

External Business Units 
Collaboration with Computa- 
tional Mechanics, Co., 
Knoxville, TN through a URC 
proposal for FY-96 and bring- 
ing the President of the compa- 
ny, Dr. A. J. Baker to INEL for 

a seminar and staff discus- 
sions. Possible CRADA. 

Collaboration with Dr. Darrell 
Pepper of the University of 
Nevada-Las Vegas and presi- 
dent of a small business on 
parallel and advanced iterative 
solution methods and Xcuber. 
He is awaiting further develop- 
ment of Xcuber for finite ele- 
ment grids and for PC execu- 
tion. Possible CRADA. 

Nonconventional 
Bioprocessing 

LTRlOO60 

R. S. Cherry 

Composting, biofiltration, and in 
situ bioremediation all involve bacteri- 
al conversion of materials in complex, 
poorly characterized systems of air, 
solids, free water, and, possibly, a 
second nonaqueous liquid phase. 

and operations problems pertinent to 
all these processes. By understand- 
ing the closely coupled physical, 
chemical, and biological processes 
that control the behavior of these sys- 
tems and developing instruments to 
measure the key variables, this LTRI 
contributes to producing better biore- 
mediation and waste biotreatment 
systems. Other applications of the 
work are in bioleaching of mineral 
ores and biopulping of wood chips to 
make paper. The long-term goal is to 
make biofilters, composting, and other 
related technologies more useful by 
making it possible to design them with 
confidence for given feed materials 
and to ensure, by advanced monitor- 
ing and control techniques, that these 
processes will perform well under field 
conditions. 

This LTRI work addresses design 

Objectives 
This LTRI supported three 

main projects during FY-95. All 
are related to the design and oper- 
ation of biofilters and compost 
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beds. They support the LTRI's 
topic area of bioprocessing of solid 
and gas phase materials. 

Develop rigorous design pro- 
cedures for passively aerated 
compost piles. 

Develop on-line instrumenta- 
tion and processes for monitor- 
ing and controlling the water 
content of biofilters. 

Develop a better understanding 
of what limits the rates of bio- 
logical activity in biofilters, 
and test physical and biological 
means of increasing those 
rates. 

Accomplishments 
The first major task was to 

develop a computational model of 
a passively aerated compost pile 
for use in rigorous design to 
achieve specified performance. 
This involves simulating the bio- 
logical reactions and the heat and 
mass transfer within the pile to 
determine the final results for a 
given initial configuration. The 
difficult aspect of this problem is 
that oxygen is supplied by natural 
convection driven by the heat gen- 
erated in the core of the pile, which 
depends on the amount of oxygen 
available. The Computational 
Mechanics LTRI assisted with ini- 
tial evaluation of existing finite dif- 
ference models that might be 
adapted to this problem. The sur- 
vey showed that none of the mod- 
els are really appropriate or capa- 
ble of solving the problem, so we 
began developing our own models. 
The first was an analytical model 
to determine the vertical air flow 
between the perforated pipes that 
introduce air into the pile. 
Although it is highly simplified by 
assuming a temperature profile 
rather than calculating it, this 
model provides a basis for setting 
the pipe spacing. The second 
model, still under development, is 
far more complex. It is a one- 
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dimensional model composed of 
differential equations for heat and 
mass balancing that are integrated 
numerically. This model allows for 
variable pressure, temperature, 
biological reaction rates, oxygen, 
and water content in the bed. 
Choosing proper boundary condi- 
tions is especially difficult, as we 
have found that both diffusion and 
convection are significant at the 
boundaries for heat, water vapor, 
and oxygen. 

In support of this modeling 
work, we ran several full-scale test 
piles at the Bonneville County 
landfill during winter 1995. These 
generated data have been used to 
validate the early versions of the 
numerical model. We also did 
some laboratory experiments to 
determine values of physical con- 
stants such as the gas permeability 
and density of compost. In addi- 
tion, Dr. William Ball at Johns 
Hopkins University began to mea- 
sure the rate at which organics 
equilibrate with compost and high 
organic content soils; in some 
cases, this can take hundreds of 
days and have major implications 
for the rate of bioremediation of 
contaminants on such materials. 

We also did some work on 
composting as a way of treating 
No. 2 fuel oil contamination of sur- 
face soils. Laboratory work this 
year has shown that composting 
works well for the initial degrada- 
tion of hydrocarbons, but the resid- 
ual material degrades much more 
slowly. However, before this work 
was fully completed, the responsi- 
ble group decided to landfill the 
drummed waste rather than treat it 
by composting. The tests were sus- 
pended at that point. 

The second major task in FY-95 
was instrumentation and control of 
biofilters. The instrumentation 
part of this testing used a modified 
soil moisture probe on-line in the 
biofilter. We have already shown 
that this time-domain reflectome- 
try probe works satisfactorily in 

off-line trials. In on-line work, we 
have found that compost is a much 
Zossier medium than soil, so probe 
designs that work in soil must be 
modified to decrease the probe 
spacing to maintain signal 
strength. We also tested a phase- 
domain reflectometer that worked 
well but would be difficult to inter- 
face with our data collection sys- 
tem because it is a compact consol- 
idated unit intended for soil use. 
We also did some work with ten- 
siometers being developed by the 
INEL geophysics group. While 
those instruments ultimately 
proved too slow in response to be 
useful, this was itself a valuable 
finding. These data show that the 
hydraulic conductivity of compost 
is very low, so that water added to 
the bed moves through it extreme- 
ly slowly, with times measured in 
days. This greatly limits what 
strategies for water addition ought 
to work. It has suggested a line of 
research, just beginning at the end 
of FY-95, into measuring the basis 
for how bed amendments such as 
bark, polystyrene beads, and sand 
might improve hydraulic conduc- 
tivity and overall biofilter perfor- 
mance. 

ing FY-95 was to complete con- 
struction of a large bench-scale 
biofilter unit in which we can test 
various strategies for measuring 
the water content of a biofilter and, 
when necessary, adding water 
evenly throughout the bed, a task 
that is not as simple as it appears. 
Early results with the water probes 
have shown that local heat produc- 
tion by bacterial degradative activity 
causes evaporation and drying of 
the bed, leading to a local loss of 
activity that lets organic vapors 
move further into the bed. Conse- 
quently, a distinct front of drying 
and activity moves through the 
bed; this result has apparently not 
been reported before as a possible 
cause of biofilter operating prob- 

A large effort in this area dur- 

lems even if water content is con- 
trolled by humidifying the inlet air 
stream. A master's student in 
chemical engineering has been 
working on a thesis related to this 
issue to determine how the amount 
of water on compost affects the 
accessibility of hydrocarbon vapors 
to bacteria at various points on the 
surface and in the pores of a highly 
irregular compost particle. The 
LTlU's principal investigator is 
supervising this thesis project. 
Separately, we measured the 
changes in the residence time dis- 
tribution (the amount of time flow- 
ing gas spends in the vessel) of a 
biofilter as it dried out from inten- 
tionally poor water control. The 
data show dramatic effects of evap- 
oration on the system as pores for- 
merly filled with water become 
accessible to the gas phase. 

we began work on a fiber optic 
probe of biological activity in the 
bed. This project was subcontract- 
ed to Dr. Ken Reardon at Colorado 
State University, who has assem- 
bled the necessary equipment and 
made preliminary measurements 
on suspensions of fluorescent 
beads in suspension. The next 
work will use a specially designed 
probe head to measure fluores- 
cence in soils and beds of solids. 

complekd work on improving the 
biodegradation of light hydrocar- 
bons in biofilters by using water- 
soluble polymers to increase their 
bioavailability. A patent applica- 
tion was filed on this idea in 
December 1994. The polymer itself 
is not degraded by the bacteria, but 
by increasing hydrocarbon solubili- 
ty in water it increases the 
biodegradation rate of hexane 
vapors by a factor of about three. 
Preliminary results in biofilters 
confirm these results that were 
obtained in batch tests in serum 
vials. The concept also works with 
several related polymers and with 

In other instrumentation work, 

In the final task, we have almost 

~~ 
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the gases isobutane and isopen- 
tane. These gases were tried in 
support of a field trial to be done 
with Envirogen Inc. and their 
client, Southern California Edison. 
Although the first trial in Decem- 
ber 1994 did not work for nontech- 
nical operational reasons, these 
new data (requested by the client) 
offer incentive for a second test. 

This work was performed pri- 
marily by three postdoctoral 
researchers (Nancy Lynch, James 
Kastner, and Peter Gostomski). 
The first two left during the year 
for permanent positions elsewhere, 
while an offer of a permanent posi- 
tion at the INEL for Dr. Gostomski 
is pending now. To replace the 
two who left, another chemical 
engineering postdoctorate has been 
hired (David Thompson), and a 
regular chemical engineering 
employee (Kevin Gering) has 
agreed to continue with the com- 
post modeling project on a part- 
time basis. In addition, the LTRI 
employed an AWU summer stu- 
dent in 1995. 

Nao m increasedl Technical Capabilities 
This work has improved our 

fundamental understanding of the 
design and operation of biofiltra- 
tion and composting processes. In 
particular, our understanding of 
the behavior of water in these 
solid-phase biological systems is 
advancing quite rapidly, both in 
terms of identdymg the phenomena 
and modeling them mathematically. 
This will be of great use, as this 
work is applied to in situ bioreme- 
diation problems in the future. We 
also expect this information to be 
useful to other DOE and industry- 
funded programs in the Biotech- 
nology Department. 
Business Development Opportunities 

The INEL has begun to receive 
notice for its work in composting, 
which has been featured in several 
newsletters after press releases and 
conference presentations. These 
notices have led to several 

inquiries from Idaho dairy interests 
with major manure disposal prob- 
lems. We have made contact with 
Rust Engineering about their 
planned commercial composting 
facility in the Twin Falls area, and 
we may ultimately be involved 
with that as a full-scale facility for 
testing our ideas. We have also 
made initial contact with the US. 
Department of Agriculture, Forest 
Products Laboratory, and an 
industry-supported research pro- 
gram on possible application of the 
composting modeling work in 
biopulping, the fungal degradation 
of lignin before wood chips are 
made into paper. Newsletter cov- 
erage of the polymer work to 
increase bioconversion rates of 
organic vapors led to an unsolicited 
request from Envirogen Inc. for a 
field trial. During the coming 
year, we intend to repeat the first 
trial, which was inconclusive for 
nontechnical reasons. 

tions, and patents can be obtained 
from the principal investigator, R. 
S. Cherry. 

A list of presentations, publica- 

Radiation Measurements 
LTRlOO70 

A. J. Caffrey, R. Aryaeinejad, 
A. E. Egger, R. J. Gehrke, 

J. K. Hartwell, R. G. Helmer, 
L. 0. Johnson, E. B. Nieschmidt, 

M. H. Putnam 

TheThe objective of the Radiation 
Measurements Long- Term Research 
Initiative is the development of 
advanced radiation measurement 
instruments and techniques. The 
accomplishments of the research ini- 
tiative will be applied, as appropriate, 
to programmatic activities at INEL and 
published in peer-reviewed journals. 

This LTRI addresses radiation 
measurement problems within the 
DOE complex, at civilian nuclear reac- 
tors, and in other U.S. industries. In 
essence, the LTRI is aimed to apply 

Long-Term Research Initiatives 

recent advances from the physics lab- 
oratory to real-world problems. 

Objectives 

Analytical techniques for  radia- 
tion measurements 

The LTRI has explored analyti- 
cal methods to improve the accura- 
cy and efficiency of radiation mea- 
surements, including: 

Interactive gamma-ray spec- 
trum analysis 

Automatic energy calibration 
of field gamma-ray spectrome- 
ters 

Monte Carlo modeling of radi- 
ation detection efficiency. 

Radiation measurement systems 
The LTRI has conducted labo- 

ratory development of the follow- 
ing instruments: 

A list-mode waste-drum assay 
system 

Position-sensitive radiation 
detection methods 

Room-temperature semicon- 

Accomplishments 
The FY-95 Radiation Measure- 

ments LTRI research has explored 
analytical methods for radiation 
measurements and the develop- 
ment of new radiation detection 
systems. 

ductor detectors. 

Data analysis methods for radia- 
tion measurements interactive gamma- 
ray spectrum analysis 

precise analysis of gamma-ray 
spectra is a major activity of this 
LTRI. Spectrum analysis is of fun- 
damental importance in applied 
measurements of radioactivity at 
DOE and commercial reactors, at 
waste management sites, and for 
basic research in nuclear physics 
and radiochemistry. 

A new interactive program for 
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This program allows the user 
to identify peaks and define peak 
regions, either by hand or via an 
automatic search algorithm. In the 
process of fitting complex or closely 
spaced peak regions, the program 
automatically adds Gaussian com- 
ponents to the region in order to 
improve the quality of the fit. The 
process often results in several 
analyses for one peak region; these 
can be reviewed both graphically 
and numerically. The user can 
visually determine the best results, 
archive them, and discard the rest, 
or edit the fit parameters and 
experiment further. 

interface is expected to markedly 
improve spectral analysis by 
increasing peak detection sensitivi- 
ty and peak fitting reliability. It 
should also dramatically reduce 
the turnaround time for spectral 
analyses. 

Automatic calibration ofjield 
gamma-ray spectroscopy systems 

Establishment of the frequen- 
cy, wavelength, or energy scale 
and assessment of spectral data 
quality are fundamental concerns 
for any spectroscopy system. In 
field applications of gamma-ray 
spectroscopy, these problems are 
usually more severe than in the 
laboratory, since field instruments 
may encounter rough handling, 
wide temperature swings, fre- 
quently interrupted electrical 
power, and indifferent operators. 

To improve the accuracy and 
reliability of field gamma-ray mea- 
surements, we have recently devel- 
oped an automatic gain adjustment 
and energy calibration method for 
both field and laboratory gamma- 
ray spectrometers; in addition, the 
associated software monitors the 
quality of the spectrometer data, 
and it simplifies system operation. 

The program’s interactive user 

Monte Carlo modeling of detector 
qfzciency for complex and extended 
sources 

ciency of a radiation measurement 
system is not well understood 
except in simple counting geome- 
tries, for example point sources. 
Outside of the laboratory setting, 
radiation measurements often 
involve complex, extended geome- 
tries, self-shielding corrections, and 
other matrix effects; hence, large 
systematic errors in the detection 
efficiency are possible. 

tational methods for generating 
peak and total efficiencies for 
gamma rays measured by Ge semi- 
conductor detectors for both point 
and extended sources. Our princi- 
pal computational method is 
Monte Carlo. 

Frequently, the detection effi- 

We are improving our compu- 

Radiation instrumentation 

List-mode waste drum assay system 
Passive and active neutron 

interrogation systems are expected 
to play an important role for the 
detection of fissionable materials in 
the waste drums stored at the 
INEL. The characterization of the 
drums is a prerequisite before ship- 
ment to a permanent repository. 

A list-mode system capable of 
storing data from each individual 
neutron counter is under develop- 
ment. A List mode approach has 
probably not been pursued until 
now because of the very high data 
rates generated by an active neu- 
tron system, one hundred kilobytes 
to one megabyte per second. Since 
magnetic media cannot follow data 
at these rates, we have taken 
advantage of the falling price of 
computer random access memory, 
and store the list-mode data in a 
128-megabyte array. The data are 
transferred to tape after the experi- 
ment ends for archiving and 
replay. 

A custom module has been 
designed and constructed for the 
list-mode data system. It provides 
amplification and discrimination 
for each detector. For each event, 
it notes the time from a fast clock, 
encoded as 28 bits, and the detec- 
tor identification, encoded in 4 bits. 
The 32-bit data word is written to 
memory by direct memory access 
without central processor unit 
intervention. 

A fast PC will control the 
acquisition module and store the 
data. This unit will also be used 
for data sorting and analysis. 

Position-sensitive neutron detection 
As a first step toward develop- 

ing a neutron tomographic imag- 
ing system for waste drums, we 
have tested the position resolution 
of a one meter long 3He detector. 
The detector has a resistive anode, 
and the axial position of an event 
within it is determined by charge 
division. The resolution for neu- 
trons, as expected, is the order of 
one centimeter. 

We have also tested the posi- 
tion resolution of a scintillating 
fiber bundle and have achieved a 
gamma-ray source position resolu- 
tion of about two centimeters. This 
instrument may have applications 
in safeguarding special nuclear 
materials. 

Room temperature semiconductor 
detectors 

A new generation of room 
temperature semiconductor detec- 
tors, especially the PIN silicon 
diode and the cadmium-telluride 
diode, seems ready for several 
INEL applications, including low- 
level plutonium monitoring. We 
are testing several detectors of each 
type as detectors for x-rays and 
low-energy gamma rays. We have 
also developed a novel palm-sized 
detector for low energy and ther- 
mal neutrons using lithium glass 
scintillators. 
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Simple multiparameter data system 
A simple multiparameter data 

acquisition system has been devel- 
oped further in order to bridge the 
gap between single-parameter 
multi-channel analyzers and the 
complex minicomputer-based sys- 
tems found in physics laboratories. 
The new system uses commercial 
software and runs on an Apple 
Macintosh PC. It was applied in 
the testing of several of the instru- 
ments listed above. 

New or Increased Technical Capabilities 
While the instruments and 

methods explored under this LTRI 
are useful for a wide variety of 
radiation counting applications, the 
following INEL applications direct- 
ly benefit from this research. 

Waste management and environ- 
mental measurements 

The list-mode drum monitor, 
of course, addresses a highly visi- 
ble INEL waste management issue, 
the assay of the Rocky Flats waste 
drums. In addition, the improved 
analytical methods are directly 
applicable to gamma-ray spec- 
troscopy of the drums and the 
analysis of environmental samples, 
for example low-level Pu assays of 
dirt from Pit 9. The spectrum auto- 
calibration method may find appli- 
cation in the characterization of 
mixed waste before incineration. 

The improved spectroscopy 
methods have already found appli- 
cation in a DOE-funded arms con- 
trol project. In order to design a 
new, spectrum-blind version of the 
PINS Chemical Assay System, the 
manual calibration of the gamma- 
ray spectrum energy scale had to 
be replaced by an automatic tech- 
nique, developed under this LTRI. 

Nuclear operations 

The improved spectroscopy 
methods are also applicable to 

reactor effluent monitoring and 
dismantlement /decommisioning 
projects. We have received inquiry 
on the application of these meth- 
ods to decommissioning facilities 
at Oak Ridge and Argonne- 
National Laboratories. 

Business Development Opportunities 

opportunities have arisen as a 
direct result of this LTRI. 

The following INEL business 

PINS Arms Control R&D 
Our development of automatic 

energy calibration techniques for 
gamma-ray spectrometers and the 
GAUSS IX spectrum analysis code 
has led directly to increased fund- 
ing from our Department of Ener- 
gy and Defense Nuclear Agency 
customers. 

CRADA with EGbG Ortec 
The advanced techniques 

explored in the LTRI have caused 
our CRADA partner, EG&G Ortec, 
to extend the PINS CRADA agree- 
ment for another year. Ortec 
recently has begun production of 
the INEL-developed PINS system 
as a commercial product. 

GAUSS IX 
The GAUSS IX gamma-ray 

spectrum analysis code presently 
runs on Unix engineering worksta- 
tions as a stand-alone product. We 
are currently modlfylng this code 
to operate under the Windows 95 
system on IBM PCs. We anticipate 
that the Windows version will be 
attractive to a commercial partner. 

Other 
Los Alamos has expressed 

interest in applying the position- 
sensitive counting techniques to 
characterizing the neutron field in 
upcoming tests of accelerator tri- 
tium breeding at LAMPF. We 
have conducted tests to study 
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jects relating to behavior of irradi- 
ated nuclear fuels and materials, 
storage of spent nuclear fuel, and 
storage of nuclear waste. The 
objectives of each individual pro- 
ject are presented below. 

Synthesis and Characterization of 
Carbides and Carbonitrides 

The M-95 objectives were to 
synthesize thin films of selected 
carbonitride systems using state-of- 
the art ion-beam assisted physical 
vapor deposition (PVD) methods, 
to conduct detailed materials char- 
acterization studies using x-ray dif- 
fraction, SEM, TEM, Auger Spec- 
troscopy, XPS, microhardness, etc., 
and to address and establish fun- 
damental relationships regarding 
the structure, phase equilibria, and 
mechanical, thermophysical and 
~ptical properties of these materials. 

Aerosol Technology 
A special need exists for calcu- 

lating the region of aerosol particle 
size distributions centered below 
about 0.3 pm. A prime objective of 
FY-95 was to develop and docu- 
ment C-code functions that can be 
assembled to perform pre- and 
posttest analysis of aerosol trans- 
port and deposition during 
advanced in situ particle character- 
ization. These functions were 
intended primarily as well- 
researched building blocks. At 
least one assembled code was to be 
produced to analyze data being 
generated in on-going aerosol char- 
acterization projects. Papers 
describing the results of the 
research were to be written and 
submitted for publication in a ref- 
ereed journal. 

React0 y Material Thermal 
Spray Coatings and Monoliths Fabri- 
cation Studies 

The objective of this LTRI task 
was to perform studies on 
advanced thermal spray methods 

for producing coatings and mono- 
liths of refractory and reactive 
materials that are of interest to the 
nuclear industry. The materials of 
prime interest for FY-95 were to be 
tungsten and tungsten-base alloys. 
A facility for applying coatings 
under inert conditions was to have 
been developed to support these 
efforts. 

Rqfractoy Material Melting Studies 
This project was developed to 

study melting of uranium bearing 
refractory carbides whose solidus 
temperatures range to 4250 K. The 
melting behavior of various car- 
bide and carbonitride compositions 
that contain two or more of the 
metals zirconium, niobium or 
hafnium were to be studied to 
demonstrate a high power rf-heat- 
ed melting apparatus developed in 
FY-94. A two-dimensional infrared 
detector array was to be purchased 
and installed in the rf-heated melt- 
ing apparatus to allow for spectral 
as well as spatial detection of radi- 
ant energy from the heated sample. 

Actinide Laborato y Development 
The objective of this task was 

to obtain and develop laboratory 
space capable of meeting the 
requirements set for high tempera- 
ture testing and fabricating urani- 
um bearing material samples. A 
state-of-the-art thermal spray sys- 
tem was to be installed into an 
inert glove box and brought to 
operational status during this fiscal 
year. 

New UY Increased Technical Capabilities 
Synthesis and Characterization of 

Carbides and Carbonitrides 
Construction and testing of the 

state-of-the-art ion-beam assisted 
deposition system was completed 
and this facility is now supporting 
a wide range of existing and new 
research projects involving 
advanced materials and processing 

of novel thin films and coatings. A 
series of 1-p-thick Zr:Nb nitride 
films was produced and prelimi- 
nary characterization was carried 
out using x-ray diffraction and sur- 
face analysis. Direct nitride forma- 
tion was confirmed in films pro- 
duced at high nitrogen partial 
pressures with elevated substrate 
temperatures. The films contained 
high residual stresses. 

Aerosol Technology 
Appropriate C-Code functions 

were written, and optimum para- 
meters for vapor deposition of 
paraffin wax onto polystyrene par- 
ticles were investigated. The para- 
meters examined were tempera- 
ture, particle size, and area of 
evaporation. To find the ideal tem- 
perature for this deposition, tests 
were executed varying the rate of 
temperature increase and the tem- 
perature range. In addition, the 
effects of the size of the poly- 
styrene particles on the amount of 
deposition was explored. Finally, 
the amount of wax vapor entering 
the vapor deposition chamber was 
examined by varying the area 
through which the wax evaporated. 

Refract0 y Material Thermal 
Spray Coatings and Monoliths Fabri- 
cation Studies 

Accomplishments included 
development of plasma spray 
processes for spray forming tung- 
sten- and tungsten-rhenium alloy- 
graphite composite tubes for use in 
high temperature thermionic 
devices. In this process, the reac- 
tive tungsten deposit was protect- 
ed only by the inert gas and hydro- 
gen used to produce the plasma 
and carry the pure metal powder 
feedstock. The deposition targets 
were located in ambient air, and 
the temperature of the targets was 
uncontrolled. Various substrate 
materials were investigated besides 
graphite including steel, stainless 
steel and aluminum. Bulk density 
measurements revealed that as- 
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deposited monoliths were typically 
no more than 65% of theoretical 
density. Heat treatments using 
combinations of vacuum and 
hydrogen at temperatures as high 
as 2500 K produce product densi- 
ties in excess of 90%. Twinwire 
electric arc (TWEA) methods were 
also tested for depositing tungsten 
using inert gases for the carrier 
gas, as opposed to air, but even 
though the method looked promis- 
ing, success was limited because of 
the fact the TWEA torches used 
were not designed to handle the 
very high temperatures associated 
with the arc-melting of tungsten. 

Rtfractouy Material Melting 
Studies 

During FY-95, this task focused 
on developing state of-the-art algo- 
rithms to be used in conjunction 
with spectral intensity measure- 
ments of very high temperatures 
using an optical monochromator. 
This technique allows temperature 
measurements on a variety of 
solids, liquids, and plasmas over a 
temperature range extending from 
room temperature to plasma tem- 
peratures (>10,000 K). 

Actinide Laboratory Development. 
A new thermal spray system 

facilities was acquired with GPCE 
funds and installed at TAN 
(WRRTF). Installation of this 
equipment into an inert glovebox 
with HEPA filtered exhaust was 
begun. 

New m Increased Technical Capabilities 

Synthesis and Characterization of 
Carbides and Carbonitrides 

The two materials processing 
techniques and expertise devel- 
oped under this project have 
added entirely new capabilities for 
producing and studying a wide 
variety of novel materials of inter- 
est to the DOE and private indus- 
try for use in advanced energy- 
related applications. 

Aerosol Technology 
This LTRI task focused on 

developing the INEL's basic 
aerosol production, measurement, 
and analysis capabilities. The con- 
tinued development of capabilities 
has been coupled with business 
oriented opportunities. For 
instance, prior to the development 
of measurement facilities under 
this LTRI, the PHEBUS on-line 
aerosol monitor (OLAM) project 
was conducted jointly with Sandia 
National Laboratory because the 
INEL did not have aerosol mea- 
surement capabilities. Using 
equipment and capabilities estab- 
lished under support of the NF&M 
LTRI, the PHEBUS/OLAM calibra- 
tion work was conducted at the 
INEL. This work conducted at the 
INEL would have been conducted 
at Sandia if the NF&M LTRI had 
not developed an aerosol measure- 
ment capability. 

Rtfracto y Material Thermal 
Spray Coatings and Monoliths Fabri- 
cation Studies 

Components for an inert 
atmosphere thermal spraying facil- 
ity have been collected and partial- 
ly assembled. The thermal spray 
equipment is installed at TAN 
(WRR") and operational in room 
ambient conditions. 

Actinide Laboratory Development. 
Facilities are in place at TAN 

(WRRTF) for heating materials to 
very high temperatures in con- 
trolled environments, including 
high vacuum and hydrogen. Facil- 
ities are also in place to handle and 
process reactive materials in high 
purity inert environments. 

Business Development Opportunities 

Carbides and Carbonitrides 

tion system is now being used to 
support additional ongoing pro- 
grams at the INEL including 

Synthesis and Characterization of 

The ion-beam assisted deposi- 

,ong-Term Research Initiative: 

research on graded coatings, 
improved corrosion resistant alu- 
minum alloy coatings, and solid 
oxide fuel cells for power genera- 
tion. 

Aerosol Technology 
Through this LTRI task a num- 

ber of technology transfer opportu- 
nities were pursued. Contact was 
made with Idaho Supreme Pota- 
toes in Shelley, Idaho and technical 
assistance provided in the area of 
aerosol measurement. In addition 
contact was made with AMI of 
Pocatello, Idaho in relation to 
enhanced cleanroom filtration tech- 
nology. 

Aerosol measurements in 
nuclear reactor accident experi- 
ments and processes have been 
required for a number of years. 
Aerosols play a very important roll 
in accident initiation and progres- 
sion. The INEL has been involved 
in the development and research of 
key aerosol measurement instru- 
ments as well as in the post acci- 
dent analysis of aerosol data. 
Aerosol behavior makes up a sig- 
nificant portion of the Severe Acci- 
dent Analysis Group's business. 
Currently the Severe Accident 
Analysis Group is conducting pro- 
grammatic funded projects in Cal- 
cine Offgas Analysis Experiments, 
Fusion Safety aerosol production, 
measurement, and behavior, and 
PHEBUS/OLAM development and 
calibration. The Severe Accident 
Analysis group is also involved in 
an LDRD to characterize the offgas 
system proposed for a high level 
waste vitrification facility. 

There are numerous business 
opportunities in non-nuclear 
aerosol behavior and the capabili- 
ties developed under the LTRI are 
directly applicable to these areas. 
All industries are coming under 
increased particulate (aerosol) 
emission restrictions. The state of 
Idaho is currently establishing 
restrictive particulate emission cri- 
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teria for all industries. The Severe 
Accident Analysis Group currently 
is performing research in the areas 
of Illegal Substance Detection and 
Measurement and in developing 
advanced particulate control tech- 
nology for offgas systems. Cur- 
rently, funding amounts to approx- 
imately $200,000 in these areas. 

ReJi-acto y Material Thermal 
Spray Coatings and Monoliths Fabri- 
cation Studies 

Inquiries have been made to 
the INEL to spray form tungsten 
components for solar heated space 
power and propulsion system 
development 

Actinide Laboratory Development. 
The business opportunities can 

be developed especially in the 
areas of high temperature space 
power and propulsion development. 

Experimental 
Thermal Science 

LTRlOO90 

D. M. McEligot, K. G. Condie, 
G. E. McCreery, M. G. McKellar, 
K. A. Shinpaugh, C. M. Stoots 

The overall goal of this LTRI is to 
extend internationally recognized 
capabilities in basic experimental ther- 
mal science (ETS) in applications 
important to present and future mis- 
sions of the INEL. Thermal sciences, 
such as heat transfer and fluid 
mechanics, are involved in almost all 
programs at the INEL. Studies con- 
ducted under this ETS LTRI concen- 
trated in the areas of heat, mass, and 
momentum transfer in (a) complex tur- 
bulent flows, (b) porous media, and 
(c) two-phase particulate flows. Our 
efforts also focused on development 
of a versatile, unique matched-index- 
of-refraction (MIR) flow facility. We 
selected generic experimental projects 
and other related activities that would 
support applications in all four present 

Strategic Thrust Areas, the Centers of 
Excellence, andor other present and 
future areas of importance to INEL. 
Main accomplishments for FY-95 have 
been development of the MIR system, 
and development of a facility for 
investigating waste remediation tech- 
niques. Six technical papers have 
been published or accepted for publi- 
cation in archival journals in the field; 
six papers were presented at national 
and international technical confer- 
ences; collaboration, review, and tech- 
nical seminars have been provided by 
about twelve university faculty; and 
informal collaboration has been con- 
ducted with firms in the vehicle and 
agricultural industries. Also, we joined 
the Stanford Therrnosciences lndustri- 
al Affiliates. This LTRI has extended 
experimental capabitities, both in 
equipment and staff expertise, for 
INEL and for local, regional, national 
and international thermal fluid 
mechanics communities, and is pro- 
viding technology to improve US. 
competitiveness in the vehicle industry. 

Objectives 

to extend internationally recog- 
nized capabilities in basic thermal 
engineering experimentation in 
applications important to the mis- 
sions and future of INEL. 

The overall goal of this LTRI is 

Enhance technology transfer 
by participating in ongoing 
INEL applied research. 

Identdy knowledge gaps (and 
basic research activities to 
bridge these gaps) that repre- 
sent barriers to development 
activities in main INEL mission 
areas. 

Support INEL analytical and 
code development efforts via 
basic laboratory experiments. 

Collaborate with university 
and national laboratory peer 
groups. 

Increase publication in leading 
basic ETS journals. 

Attract and retain highly quali- 
fied scholars in experimental 
heat transfer and fluid 
mechanics. 

Increase staff involved in basic 
research related to INELs 
future. 

Accomplishments 
The ETS LTRT is primarily 

structured in terms of individual 
research projects within the three 
areas of concentration (complex 
turbulent flows, porous media, and 
two-phase particulate flows). 
Recruiting of outstanding new 
experimental thermal scientists is 
accomplished via the Postdoctoral 
Fellowship program of the Associ- 
ated Western Universities. During 
FY-95, Dr. Kevin A. Shinpaugh of 
Virginia Polytechnic Institute 
joined us as an AWU Fellow. 

FY-95 are (a) development of the 
MIR system, and (b) development 
of a facility for investigating waste 
remediation techniques. Our 
approach for selecting and devel- 
oping research topics for this LTRI 
is mission-oriented. Heat transfer 
and fluid mechanic needs are iden- 
tified in areas of importance to the 
present or future missions of INEL, 
as in the Strategic Thrust Areas. 
Basic experimental questions are 
then determined and an appropri- 
ate generic experiment is designed. 
Results are generalized to the 
extent possible, so they will be use- 
ful both for the initial application 
and for applications identified later 
in other fields found to correspond 
to the same generic situation. 
Results are published in the appro- 
priate journals. Brief descriptions 
of the FY-95 accomplishments in 
the experimental projects and facil- 
ity development follow. 

Nonsteady flows with heat 
transfer, Keith Condie, Kevin Shin- 
paugh, and J. Robert Mondt (GM 
Delphi). Pulsating flows occur in 
vehicle exhaust systems, hypothe- 

The main accomplishments for 
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sized accident scenarios for nuclear 
reactor safety studies, and pul- 
monary flows in the human body. 
To examine the effects of entry 
conditions and pulsating flow, we 
conducted experiments in which 
we took heat transfer measure- 
ments on a contemporary exhaust 
system on a recent commercial V-6 
engine. A typical S-shaped take- 
down pipe was heated electrically 
and was instrumented to deter- 
mine local wall temperatures and 
related heat transfer parameters. 
For further insight, outlet air tem- 
peratures and cyclical inlet pres- 
sure fluctuations were also mea- 
sured. 

Inlet conditions included 
pulsed and steady air flow through 
the exhaust manifold. Six cylinder 
operation of the engine as a com- 
pressor provided a pulsating inlet 
flow with moderate amplitude 
fluctuations. With steady flow, 
slight differences in wall tempera- 
ture profiles were observed for 
flow from different exhaust ports. 
A numerical analysis and empirical 
correlations predicted still higher 
wall temperatures. Compared to 
the Dittus-Boelter correlation, the 
convective heat transfer parame- 
ters for flow from the actual mani- 
fold showed convective enhance- 
ment factors of the order of two. 
Non-dimensional frequencies in 
pulsed flow fell in the range 0.045 
< a+ < 0.97, corresponding to high- 
frequency flows rather than quasi- 
steady flows; in contrast to most 
heat transfer experiments, the 
cyclical pressure fluctuations were 
not near-sinusoidal. Results 
showed enhancement factors of 
about three to seven. 

We presented the results of 
this study at the 27th International 
Symposium on Automotive Tech- 
nology and Automation in Aachen, 
Germany, in October, at the SAE 
International Congress in Detroit in 
March, and at the 2nd Vehicle 
Thermal Management Systems 

Conference, sponsored by 
I.Mech.E/SAE in London, England, 
in May. 

Rapidly scanning laser 
Doppler velocimeter (RSLDV) 
measurements of a wing-body 
junction, Kevin Shinpaugh, and 
Professor R. L. Simpson (VPI). Dr. 
Shinpaugh's technical paper on his 
design and development of the 
RSLDV was accepted for publication 
in a special issue of Measurement 
Science and Technology (J. Phys. E). 

Turbulence structure in lateral- 
ly converging flows, D. M. McElig- 
ot, Professor Dr. H. Eckelmann 
(Max Planck Institute), and Profes- 
sor R. s. Brodkey (Ohio State Uni- 
versity). This study applied vari- 
ous analyses to examine data on 
the modification of turbulence 
structure by streamwise pressure 
gradients induced by flows 
through convergences. The pur- 
pose was to provide information 
about flows in vehicle exhaust 
manifolds, gas turbines, industrial 
exhaust stacks, nuclear reactor 
plena, and many other configura- 
tions in practice, and to provide 
information to support research in 
computational fluid dynamics. 
Strong favorable pressure gradients 
have been found to reduce viscous 
drag by altering the structure of 
the turbulent velocity fluctuations. 
We studied the turbulence struc- 
ture, in order to provide bases for 
incorporating the effects of such 
favorable streamwise pressure gra- 
dients into models for turbulent 
boundary layers and internal tur- 
bulent flows. 

tut f i r  Stromungsforchung, 
McEligot and Eckelmann obtained 
simultaneous time series measure- 
ments with an x-probe and a wall 
shear stress sensor in an oil chan- 
nel both for fully-developed and 
for laterally-converging flows. 
Current efforts aim at determining 
how the coherent behavior of the 
turbulence near the wall is affected 

Earlier, at the Max Planck Insti- 

,ong-Term Research Initiatives 

by the convergence-induced pres- 
sure gradients. Results calculated 
to date include conditionally-sam- 
pled statistics determined by the 
VITA detection technique, by 
quadrant-splitting, and by pattern 
recognition techniques. The simul- 
taneous transient structure of 
events across the viscous layer has 
been deduced by multiple detec- 
tion with an extension of the VITA 
approach. These results were pre- 
sented at an invited talk, Coherent 
Structures in the Viscous Layers of 
Flows in Converging Ducts, at a 
special symposium honoring Pro- 
fessor Brodkey at the Annual 
Meeting of the American Institute 
of Chemical Engineers last 
November. 

gas flows, D. M. McEligot, A. M. 
Shehata (Xerox), M. F. Taylor 
(deceased, University of Arizona), 
and Professor J. D. Jackson (Uni- 
versity of Manchester, UK). Forced 
convection of gases and gas mix- 
tures with sigruficant property 
variation occurs in many applica- 
tions: superheated steam, gas- 
cooled nuclear reactors, vehicle 
exhaust systems, and solar collec- 
tors. This project analyzed mea- 
surements taken earlier by D. M. 
McEligot and his colleagues in 
order to obtain further basic 
insight into forced convection of 
gases with variable properties and 
to evaluate application of proposed 
turbulence models to this situation. 
We have completed the analyses. 
The results are presented in a tech- 
nical paper, The Turbulent Prandtl 
Number in the Near-wall Region 
for Low-Prandtl-number Gas Mix- 
tures, which is being published by 
the International Journal of Heat and 
Mass Transfer. A technical report, 
Turbulence Structure in the Vis- 
cous Layer of Strongly Heated Gas 
Flows, is nearing completion; it 
will form the bases for two techni- 
cal journal papers on our experi- 
ments and their numerical predic- 

Turbulence structure in heated 
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tion, to be written in collaboration 
with Professor J. Derek Jackson of 
the Nuclear Power Program at the 
Univasity of Manchester in England. 

Maximum allowable heat flux 
for a horizontal tube bundle, D. M. 
McEligot, K. G. Condie, and Pro- 
fessor V. K. Dhir (UCLA). Heat 
exchangers with horizontal tube 
bundles occur in some designs for 
advanced nuclear power plants, 
stab-in configurations in the petro- 
leum industry, and other pool 
heaters. We presented our approx- 
imate analysis for the critical heat 
flux and discussed comparisons to 
the few related experiments in an 
invited talk at a special technical 
symposium honoring Professor 
John H. Lienhard IV at the Nation- 
al Heat Transfer Conference in 
Portland in August. 

Zhlorinated solvents in fractured 
Steam injection for removal of 

porous media, Glenn McCreery, 
Mike McKellar, Me1 Herd, and Pro- 
fessor Kent s. Udell (University of 
California). One of our main suc- 
cesses has been our work on heat 
transfer and phase change in 
porous media, cited by INEL Envi- 
ronmental Operations as the LTRI 
project of the highest priority of 
importance to our mission. Subse- 
quently, the Chief Scientist and 
Chief Engineer determined that the 
topic of porous media warrants a 
separate LTRI starting in FY-96, so 
our efforts in this area will be 
transferred. 

Of potential environmental 
concern are chlorinated solvents 
and organic compounds in the 
vesicular basalt flows that lie above 
the Snake River aquifer at the 
INEL. The steam injection remedi- 
ation process has been demonstrat- 
ed by Professor K. S. Udell to be 

effective for the removal of hydro- 
carbons and organic compounds 
from heterogeneous porous media. 
It has been suggested that this 
steam extraction technique may be 
a cost-effective approach to remov- 
ing contaminants from the basalt 
above the aquifer at INEL. How- 
ever, the basic phenomena 
involved are not understood suffi- 
ciently for accurate design predic- 
tions to be made for this application. 

Fundamental laboratory-scale 
experiments will be performed to 
model the steam-enhanced extrac- 
tion process of removing liquid 
contaminants in fractured porous 
media (see the figure below). The 
process consists of steam injection 
into a porous medium that is par- 
tially or completely saturated with 
contaminated water. The steam 
condenses and sweeps contami- 
nants with the condensation front 

TC and P probes 

1 1 1  I 1 I 

I I  ' 1  - 

heater 

condenser I water in 

Water flow 
-  tape 

water out 

u 

Low Flow 
Deionized rate pump 
water Beaker I supply I 

Laboratory apparatus for fundamental studies of steam injection into fractured porous media. 
Reproduced from technical report by McCreery and McKellar [1995]. 
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toward a low pressure region ed with argon-filled triple-pane circular plate. This generic type oi 
established by a vacuum (and windows, stainless-steel walls, and spray nozzle is commonly used foi 
water) pump. removable Styrofoam blocks. center pivot agricultural irrigation 

Although we designed the appara- and for fire protection; a compara- 
tion include tus for simulation of the steam- ble situation exists with some injec 

Design features of the test sec- 

A modular and removable test 
section 

Windows for visual, video, and 
photographic access 

A thermochromic liquid crystal 
sheet adjacent to the back win- 
dow for mapping the conden- 
sation front 

Temperature and pressure 
measurements within the inlet 
and outlet plena and at select 
locations within the simulated 
fracture gaps 

A removable top section of the 
frame for insertion of addition- 
al simulated fracture fill mater- 
ial (if it compacts) 

Baffle plates to direct the flow 
of steam and water. 

The test section is well insulat- 

enhanced extraction process, the 
apparatus can also be used to sim- 
ulate other waste extraction 
processes in fractured porous 
media, such as vapor vacuum 
extraction. During FY-95 we com- 
pleted the test section for steam 
injection, and we conducted check- 
out tests. We performed prelimi- 
nary approximate analyses to 
deduce the porosity and perme- 
ability from calibration experi- 
ments. We conducted isothermal 
steady and transient flow experi- 
ments and wrote a draft technical 
report presenting the results to 
date. 

impingement, Glenn McCreery, Dr. 
Dennis Kincaid (USDA Agricultur- 
al Research Service, Kimberley, 
Idaho). We conducted an experi- 
mental investigation of droplet for- 
mation from a jet impinging on a 

Droplet formation in liquid jet 

tion systems for emergency core 
cooling of commercial nuclear reac 
tors. Results included short dura- 
tion photographs of nozzle jet 
flow, liquid film flow, and water 
drop formation. We derived drop 
diameter distributions using our 
phase doppler particle analyzer. 
The study and its results are pre- 
sented in a technical paper accept- 
ed for publication in the Interna- 
tional Journal of Multiphase Flow. 

Matched-index-of-refraction 
facility, Carl Stoots, Keith Condie, 
Blaine Merkely (retired), Professor 
R. F. Blackwelder (University of 
Southern California), Professor P. 
Bradshaw (Fellow, Royal Society, 
Stanford), and Professor Dr. F. 
Durst (University Erlangen, Ger- 
many). Our key experimental 
facility will be the MIR system (see 
the figure below), recommended 
by our international advisory com- 

INEL Matched-Index-of-Refraction System 
during Fabrication at Idaho Steel Products, Idaho Falls, Idaho 
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mittee. It will provide unique 
capabilities to investigate basic 
fluid dynamics in complex turbu- 
lent flows and two-phase particu- 
late flows, as well as flows in 
porous media and other complex 
geometries. In each of the areas of 
concentration, complex geometries 
hamper pointwise measurements, 
particularly by non-intrusive opti- 
cal means. If a transparent solid is 
immersed in a transparent fluid, 
and the solid and fluid have the 
same indices of refraction, the solid 
optically disappears. This mea- 
surement technique allows one to 
perform experiments and make 
measurements that otherwise 
would be impossible. About twen- 
ty fundamental experiments have 
been identified that would benefit 
from the advantages of such a flow 
facility. While past researchers 
have employed the advantages of 
matching index of refraction, this 
project is unique in that it intends 
to index match in a "large" mea- 
surement system as well as in 
moderate-sized test sections. 

The system is similar to water 
tunnels used in hydrodynamics 
research, except that the proposed 
fluid is a mineral oil to match the 
index-of-refraction of quartz test 
specimens. The maximum design 
flow rate is about 5400 gpm. For 
application to the ACETS program, 
the first test section has been 
redesigned to provide a flow cross 
section of two by four feet. For 
this system, a review conunittee 
has evolved with authorities from 
universities internationally and 
from national laboratories. 

During FY-95, we completed 
the structural analyses, and we 
finalized the general system design 
interactively with Idaho Steel Prod- 
ucts Co. of Idaho Falls, the fabricator. 
Oil supply, air suspension, and oil 
temperature control systems were 
designed and mostly procured. A 
laboratory room at the Water Reac- 
tor Research Test Facility (WRRTF) 
was prepared for installation of the 

M I R  system, the floor was sealed 
against leaks, and oil storage tanks 
and electrical power components 
were installed. System instrumen- 
tation was specified, honeycomb 
and screens for flow conditioning 
were ordered, and additional 
instrumentation ports were 
installed. Contractions were 
designed for the ACETS test sec- 
tion. As of this writing, the system 
is scheduled for leak testing (with 
a "test section simulator" in place) 
in late September 1995, with deliv- 
ery to WRRTF to occur shortly 
afterward. 

New m Increased Technical Capabilities 
The major new experimental 

facilities developed by this LTRI 
have been the M I R  system and the 
laboratory-scale apparatus for 
investigating waste remediation 
techniques, both mentioned and 
pictured above. In the process, 
some of our technical staff's exper- 
tise was extended to improved 
capabilities in the thermal, fluid 
mechanics, and structural design of 
temperature- and vibration-con- 
trolled oil flow experiments. The 
capability to construct prototype 
flow nozzles was developed for 
two-phase particulate flows. Tech- 
niques for measuring high temper- 
ature, non-steady flows and heat 
transfer in our V-6 engine/com- 
pressor experiments were 
improved. Also, some of the staff 
extended their abilities in data 
acquisition, reduction, analysis, 
and presentation. 

Additional activities for 
the benefit of INEL in general and 
of the LTRI involve collaboration 
with university faculty and mem- 
bership in the Stanford Thermo- 
sciences Industrial Affiliates. Fac- 
ulty provided technical seminars 
covering topics that are important 
to INEL programs beyond the 
LTRI alone; these seminars update 
and expand the fundamental 

understanding of the INEL staff in 
the areas involved. During FY-95, 
seminars were presented on design 
of thermal fluid mechanic experi- 
ments and experimental uncertain- 
ty analysis, heat transfer in flu- 
idized beds, fluid mechanics mea- 
surements by index-matching tech- 
niques, techniques to measure con- 
centrations in turbulent flows, heat 
transfer from porous media, and 
effects of freestream turbulence on 
heat transfer. Also, the LTRI staff, 
representing INEL, joined the Stan- 
ford Thermosciences Industrial 
Affiliates. Through Stanford, the 
Affiliate membership gives us bet- 
ter access to resources in this coun- 
try and a powerful connection to 
what is being done in the rest of 
the thermoscience world. Member- 
ship provides direct, informal, per- 
son-to-person technical assistance 
from Stanford faculty, and other 
benefits as well. 

Business Deuelopment Opportunities 
No participants in this LTRI 

serve full time under LTRI sup- 
port. Therefore, all participants 
contribute directly to INEL busi- 
ness units, either via externally 
supported programs or LDRD pro- 
jects supported by the Product 
Directors. Donald M. McEligot 
assists the technetium project, the 
Boron Neutron Capture Therapy 
project, NRC studies, and propos- 
als to the USCAR/ESST program. 
Keith Condie provides experimen- 
tal guidance to the NRC program. 
Glenn McCreery supports NRC 
studies and agricultural initiatives. 
Michael McKellar assists NRC and 
waste remediation programs. Carl 
Stoots obtained, via the 
DOE/USCAR/ESST program, two 
externally-funded projects that he 
now leads. 

The scope of this LTRI is being 
expanded with the initial test sec- 
tion for the MIR system being built 
to permit concept evaluation for 
wind testing aspects of the 
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Advanced Combined Environ- 
ments Test Station (ACETS) and 
other initiatives of NITTEC. The 
M I X  system also is a facility where 
the potential exists to establish col- 
laborative research with foreign 
countries as part of the ofset credits 
program of the Lockheed Martin 
Corporation. 

Studies of nonsteady flow 
involve informal collaboration with 
GM Delphi Division (J. R. Mondt) 
and Ford Research Laboratory 

(D. L. Hartsock) in the area of vehi- 
cle exhaust heat transfer. This pro- 
ject has the potential for support 
and a CRADA from the 
DOE/USCAR/ESST program, with 
liaison being handled by S. M. 
Sorensen of INEL. A white paper 
has been submitted to the 
DOE/BES heat transfer program 
for fundamental studies of non- 
steady flow. Collaboration, a 
CRADA, and external support for 
two-phase particulate flows, con- 

Idaho National Engineering Laboratory LDRD M 1995 Annual Report 



Appendix A 
Author Index 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 





Appendix A-Author Index A-3 

A 
Akers, D. W. 136 
Allemeier, R. T. 225 
Anderl, R. A. 103,242 
Anderson, A. A. 218 
Anderson, P. A. 70 
Antil1,R. I. 171 
Apel, W. A. 32,53 
Appelhans, A. W. 140 
Argyle, M. D. 221 
Aryaeinejad, R. 239,254 
Atkinson, D. A. 71 
Austad, W. E. 185 

B 
Baker, J. D. 89,103 
Bala,G. A. 46 
Barklund, C. R. 162,163 
Barrett, K. B. 197,198 
Bauer, W. F. 13 
Bechtold, T. E. 176,177 
Becker, G. K. 35 
Beelman, R. J. 94 
Bennett, R. G. 105 
Bergeson, G. C. 186 
Beny,R.A. 155 
Bishop, C. W. 101 
Brasier, J. E. 89 
Brown, B. W. 178 
Bruneel, F. W. 119 

C 
Caffrey, A. J. 254 
Carlson, N. M. 144,213 
Carmack, W. J. 256 
Carver,C. 75 
Chambers, A. G. 221 
Chang,G.S. 96 
Chatters, T. C. 121,225 
Cherry, R. S. 128,198,201,252 
Church-Riddle, K. A. 171 
Clark, D. E. 159 
Cole, G. H. 149,164 
Cole, J. D. 239 
Colwell, F. S. 54 
Condie, K. G. 259 
Cordes, G. A. 222 
Cowan,R.L. 140 
Crawford, T. M. 209 
Croxford, W. R. 218 

D 
Dean,L.A. 228 
Dearien, J. A. 152 
Deason, V. A. 137,208,209 
Delmore, J. E. 140 
Derr,K. W. 188 
Detering, B. A. 232 
Dicke,C. A. 48 

Douglass, R. W. 249 
Doww,W.C. 39 
Drigert, M. W. 239 

E 
Edwards, A. J. 42 
Egger, A. E. 189,191,254 
Epstein, J. S. 212 
Erickson, A. W. 64,175 
Erickson, V. A. 167 

F 
Filby, E. E. 74, 
Fincke, J. R. 63,126,131,143,148 
Fink, R. K. 190,206 
Freeman, L. E. 42 
Frickey, D. A. 218 

G 
Garrard, D. M. 212 
Ganvick,S. 121 
Gehrke, R. J. 25,57,65,254 
Gering,K. L. 18 
Ginosar, D. M. 20 
Glenn, D. F. 142,219,230 
Gombert, D. 84,85,107 
Grandy, J. D. 156 
Greenwood, R. C. 239 
Groenewold, G. S. 140 

H 
Heaps, R. J. 212 
Hamilton, M. A. 31,197 
Hampton, N. L. 45 
Harker, Y. D. 35,91 
Harmon, J. F. 105 
Hartenstein, S. D. 73 
Hartwell, J. K. 254 
Haulenbeek, K. K. 119 
Hawkes, B. D. 180 
Hawkes, G. L. 194 
Hawkes, W 180 
Helmer, R. G. 254 
Hess, J. R. 202 
Hong, B. C. 167 
Hoskinson, R. L. 134,194 
Hubbell, J. M. 40,203 
Hunt, G. L. 150,165 

I 
Ingram, J. C. 58,59,140 

J 
James, J. L. 72 
Janikowski, S. K. 20,66 
Johnson, L. 0. 254 
Johnson, K. R. 167 
Johnson, R. W. 227 
Jones, J. L. 105 

K 
Kaplan, B. L. 182 
Keating, E. P. 171 
Kennedy, J. R. 12,232 
Kessinger, G. F. 77,176 
Knecht, D. A. 77 
Kong, P. C. 156,161,173,175 
Korth,G.E. 142 
Kotter, D. K. 44,75 
Kunerth, D. C. 119 
Kurkowski, D. J. 138,207 

L 
Landon, M. D. 164,227 
Larsen, D. G. 192 
Lassahn, G. D. 119 
LaViolette, R. A. 247 
Lee, €5. D. 14,32,129 
Lee, J. 225 
Lehman, R. M. 67 
Lessing, P. A. 173 
Lickson, R. S. 23 
Liekhus, K. J. 21 
Losinski, S. J. 192 
Lundberg, L. 256 

M 
MacDonald, P. E. 136 
MacDowall, R. D. 146,171 
Mandler, J. W. 192,239 
Marshall, D. W. 80 
McAtee, R. E. 27 
McCreery, G. E. 259 
McEligot, J. 259 
McIsaac, C. V. 30 
McKay, M. D. 78,151 
McKeller, M. G. 259 
Miller, B. G. 214 
Miller, C. S. 167 
Miller, S. J. 69 
Mills, J. I. 33,152,182 
Mincher, B. J. 21 
Montierth, L. M. 98,99 
Moore, G. A. 12 
Moore, R. L. 93,229 
Morrison, J. L. 183 
Motloch, C. G. 204 
Mousseau, K. C. 194 

N 
Nelson, W. R. 180 
Nieschmidt, E. B. 254 
Nigg, D. W. 17,90,97,98 
Noah,K.S. 15 

0 
OBrien, C. C. 112 
OBrien, M. H. 64,212,232 
Olson, A. L. 27 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



A-4 
P 
Partin,J.K. 219 
Polk,R. E. 41 
Polman, J. K. 52 
Propp, W. A. 221 
Pryfogle, P. A. 51,130 
Putnam,M.H. 254 

R 
Rabin, B. H. 124,212,256 
Raymond, R. H. 167 
Renner, J. L. 196 
Repetti, T. E. 62,209 
Reuter, W. G. 29,114,213 
Rhudy,J.W. 222 
Richins, W. 180 
Rinehart, B. N. 36,51 
Roberto, F. F. 61 
Robertson, E. P. 46 
Rodriguez, J. G. 216 
Rogers, J. W. 89, 103 
Rogers, R. D. 31,130 
Rosentreater, J. J. 18 
Ryskamp, J. M. 92 

S 
Schafer-Perini, A. L. 56 
Schnitzler, B. G. 103 
Schwieder, P. R. 192 

Sebo, D. E. 207 
Sellers, C. H. 119,136,242 
Shah,V.N. 136 
Shinpaugh, K. A. 259 
Shook, G. M. 49,196 
Shurtliff, R. M. 82 
Siahpush, A. S. 133 
Siemer, D. D. 81 
Smartt, H. B. 168,206 
Smith,R. W. 48 
Snow,E. 119 
Snyder, M. W. 167 
Snyder, S. C. 161 
Stacey, M. R. 153 
Stone, M. L. 122 
Stoots, C. M. 259 
Swank, W. D. 131,148 

T 
Taylor, P. L. 208 
Telschow, K. L. 119,121, 136,225 
Thomas, C. P. 46 
Turick, C. E. 22 
Turner, T. D. 133,180 

V 
Van Siclen, C. D. 242 
Varacalle, D. J. 26,256 
Venhuizen, J. R. 91 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



Appendix B 
Project Number and Title Index 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



B-2 Appendix B-Project Number and Title Index 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



Appendix B-Project Number and Title Index 

Project 
Number Title Page 

National Integrated 
Environmental Management 

102 

242 

247 

262 

303 ' 306 

1172 

I 
I 1201 

1202 

1203 

1233 

1306 

Assessment Methodology for Enhanced 
Bioremedi-ation of Hydrocarbons in the 
Petroleum Industry . . . . . . . . . . . . . . . . .  

Catalyst-Assisted Sonochemical Treat- 
ment of Hazardous Organic Wastes . . , 
Synthesis, Characterization, and the 
Modes of Interaction in Volatile Organic 
Compound Sensor Materials . . . . . . . . .  
Integration of Sample Introduction 
Techniques, Torch Design, and Optics 
for Determining Trace Metals in Biological 
Samples with Inductively Coupled Plasma 
Atomic Emission Spectrometer ......... 

Removal of Chlorinated Solvents from 
Air Streams Using Anaerobic 
Biofiltration ....................... 

Using Sawdust for Microbial 
Abatement of Acid Mine Drainage . . . .  
High-Energy Computational Dosimetry 
for Neutron Radiotherapy . . . . . . . . . . .  

Photocatalytic Treatment of Anionic 
Cyanides ....................... 

Catalytic Destruction of Halogenated 
Organics at Supercritical Fluid 
Conditions ...................... 

Destruction of PCBs in Oil Using 
Gamma Irradiation and Ozone . . ~ . . ~ 

Bioprocess Development for the 
Remediation of CR(VI) and U(VI)- 
Contaminated Soils and Groundwater . . 
Ultraviolet Volatile Organic Compound 
Destruction Technology, Liner Lifetime 
and By-product Testing with Hazardous 
Waste Disposal Considerations . . . . . . .  

9 

10 

12 

14 

14 

15 

17 

18 

20 

21 

22 

23 

B-3 

Project 
Number Title Page 

2104 

3203 

3710 

4078 

4090 

4110 

4171 

41 72 

4204 

4275 

4374 

4550 

4579 

4581 

4863 

Portable Photon Analysis Spectrometer 
for TRU and y Assay . . . . . . . . . . . . . . . .  
Conceptual Design of a 55-Gallon 
Waste Container Refurbishment System. 

Photodissociation of Mercuric Chloride 
Treatability Study . . . . . . . . . . . . . . . . . .  

INEL-University of Idaho Laboratory 
for Liquid Extraction and Ion Exchange 
Research .......................... 

Fracture Mechanics-Based Design 
Methodologies for Metal Matrix 
Composite Material . . . . . . . . . . . . . . . .  

Develop, Build, and Test Assay System 
to Measure Transuranic and Fission 
Product Contamination in Subsurface 
soil .............................. 

Biodecontamination of Massive 
Concrete Structures . . . . . . . . . . . . . . . . .  
Catalyst-Assisted In Situ 
Bioremediation .................... 

Sustainable Water Resources 
Management ...................... 

High-Sensitivity Nondestructive Analy- 
sis for Transuranic Waste Examination 
for Characterization . . . . . . . . . . . . . . . .  
Flexible Fish Conduit Passage System . . .  

Development of a Methodology for 
Assessment of Power Plant Emissions 
on Air Quality-Related Values ........ 
Passive Containment of Volatile 
Organic Soil Vapors . . . . . . . . . . . . . . . .  

Development of Vadose Zone 
Monitoring Instruments . . . . . . . . . . . . .  
Intelligent Sensor Data Acquisition 
Analysis .......................... 

25 

26 

27 

27 

29 

30 

31 

32 

33 

35 

36 

38 

39 

40 

41 

Idaho National Engineering Laboratory LDRD EY 1995 Annual Report 



B-4 Appendix B-Project Number and Title Index 

Project 
Number Title Page 

4864 

4865 

5203 

5205 

5301 

5303 

5601 

5608 

5614 

6503 

6701 

7907 

8104 

8106 

8403 

8409 

Modeling Underground Structures . . . 42 

Neural Analysis Techniques for Field 
Deployable Environment Sensors . . . . .  44 

Grouping and Modeling Ecosystem 
Components for Ecological Risk 
Assessment ....................... 45 

Water Shutoff in Producing Oil Wells 
Using Bacteria ..................... 46 

Estimating Sorption Properties of Clay 
Materials ......................... 48 

Identification of a Surfactant/Alcohol/ 
Polymer System for Safe Mobilization 
of TCE ........................... 49 

Aquatic Vascular Plant Control . . . . . . .  51 

Bioprocessing of Indigo Textile Dye 
WasteEffluent ..................... 52 

Removal of Methanol from Forest 
Products Industry Off-gases by 
Biofiltration ....................... 53 

Using Nutrient-Diffusing Substrata to 
Conduct Rational Bioremediation . . . . .  54 

Intermediate/Field Scale Model for 
Predicting Microbial Transport . . . . . . .  56 

Prompt Gamma Neutron Activation 
Analysis Methods Development for 
Waste Assay Applications . . . . . . . . . . .  57 

Real-Time Asbestos Analysis by Raman 
Spectroscopy ...................... 58 

Rapid AgrochemicalSensor . . . . . . . . . .  59 

In Situ Biodegradation of High-Energy 
Materials ......................... 61 

Rapid Laser Assay of Surface 
Contamination During Decontamina- 
tionandDecommissioning . . . . . . . . . .  62 

Project 
Number Title Page 

8414 

8509 

8514 

8615 

9510 

9513 

WOO7 

W016 

W019 

W027 

W029 

WQ32 

w043 

W089 

W097 

W104 

Measuring Component Ratio in 
Oil/Water/Gas Mixtures and Deter- 
mining Flow Regime . . . . . . . . . . . . . . .  63 

Polyethylene Sulfur Cement: Feasibili- 
ty as a Waste Encapsulation Material 
for Low-Level and Mixed Wastes . . . . .  64 

In-Field Assay for Parts-per-Million 
Levels of Chromium in Environmental 
Media ............................ 65 

Low-Temperature Reductive Catalytic 
Destruction of Halogenated Organics . . 66 

Periphyton Communities for Environ- 
mental Monitoring . . . . . . . . . . . . . . . . .  67 

Tolo Lake Mammoth Excavation . . . . . .  69 

Alternate Material Stainless Steel Lined 
Concrete .......................... 70 

Oxidative Processes for the Remedia- 
tion of Contaminated Soils . . . . . . . . . . .  71 

Solid Phase Microextraction. . . . . . . . . .  72 

Synthesis and Characterization of 
Pt/Pd Compounds for a Fiber Optic 
Based Sensor for VOCs . . . . . . . . . . . . . .  73 

ICPP Testbed Framework and Field 
Tests ............................. 74 

Electrocatalytic Vapor Sensor . . . . . . . .  75 

Characterization of Fuel Processing/ 
Waste Form Chemistry by High-Tem- 
perature Mass Spectrometry . . . . . . . . .  77 

Telepresence for Mobile Robotics in 
Nuclear Environments . . . . . . . . . . . . . .  78 

Sodium-Bearing Waste Treatment Tech- 
nology for Separating the Nitrate Anion 
and Alkali Salts Using Ion-Exchange . . 80 

The Effect of Thermal Treatment of 
INEL Soil Prior to Cementitious Solidi- 
fication ........................... 81 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



Appendix B-Project Number and Title Index B-5 

Project 
Number Title Page 

W109 

Wl l l  

w122 

W123 

Automatic Pressurized Filtering of 
Environmental Samples for Remote 
Applications ...................... 82 

Position Tracking for Remote Subsur- 
face Characterization Systems . . . . . . . .  83 

Evaluation of Delphi Oxidation for 
Activated Carbon . . . . . . . . . . . . . . . . . .  

Evaluation of EET Proprietary 
Decontamination . . . . . . . . . . . . . . . . . . .  

84 

85 

Nuclear Operations and 
Nuclear Materials 

ATR Radioisotope Production and 
Purification Study . . . . . . . . . . . . . . . . . .  

Neutron Delivery System for 
Fast-Neutron Radiotherapy . . . . . . . . . .  

Real-time Measurement Dosimetry for 
Boron Neutron Capture Therapy . . . . .  

Mixed Oxide Fuels Testing in the 
Advanced Test Reactor . . . . . . . . . . . .  

General Purpose Time-Dependent 
Particle Transport with Isotope 
Generation and Depletion . . . . . . . . .  

Development of a Simplified Version 
of SCDAP/RELAP5 for Simulator 
Applications .................... 
Nonfertile Fuel Fabrication Develop- 
ment and Irradiation Performance 
Assessment ....................... 

Photoneutron Studies for Radiotherapy . . 
Feasibility Study of Using INEL- 
Developed Transport Tools to Calculate 
Photodynamic Dosimetry . . . . . . . . . . .  

Kinetic Modeling of the ITER 
Dissipative Divertor . . . . . . . . . . . . . . . .  

Automated Neutron Probe Monitoring . . 

89 

90 

91 

92 

93 

94 

96 

97 

98 

99 

101 

Project 
Number Title Page 

7909 

9517 

W03 

W036 

5610 

7603 

8501 

230 

231 

232 

248 

251 

252 

253 

Tritium Production by Irradiation 
of 3He ............................ 103 

Technetium Separation System ....... 105 

On-Site F-18 Production . . . . . . . . . . . . .  105 

WERC University Design Competition . 107 

National Infrastructure 
Technology TestlEvaluation 

Microstructural Influences on 
Biocorrosion ....................... 111 

Advanced Combined Environments 
Test Station Scoping Studies . . . . . . . . . .  112 

Characterization of Aged Materials 
with NDE and Internal Friction Mea- 
surements ........................ 114 

National Derived Use 
Technology Transfer Center 

Nondestructive Examination of Bottom- 
Crimped Seam on 55-gallon Drums . . .  119 

High Transsition Temperature Squid 
(Superconducting Quantum Interfer- 
ence Devices) Nondestructive 
Evaluation ...................... 119 

Robust Nondestructive Evaluatoin 
Using Photorefractive Nonlinear 
optics ............................ 121 

Polymers-Water Separations, 
Ozone / Oxygen Separations, Platform, 
and Laser-Assisted Polymerization . . . .  122 

Iron Aluminide Filters for Improved 
Efficiency Fossil Energy Conversion . . .  124 

Wear Coatings for Aluminum 
Automobile Engine Components . . . . .  125 

Factors That Determine the Microstruc- 
ture of Spray-Deposited Materials . . . .  126 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



Project 
Number Title Page 

305 

1206 

1241 

1301 

1302 

1303 

2278 

2501 

3302 

3601 

3711 

4061 

4073 

4076 

4080 

4081 

4082 

4103 

4105 

Microbiology of Sugar Plant Flume 
Systems .......................... 128 

Alkylation Catalysts for Operation at 
Supercritical Fluid Conditions . . . . . . . . 129 

Mixed Microbial Encapsulated 
Fertilizer Amendments . . . . . . e . . . . . , a 130 

Sensors for the Control of Thermal 
Spray Processes . . . . . . . . . . . . . . . . . . . . 131 

Heat Transfer Through Solid Cryogen . . 133 

Concentration Technologies . . e . . . . . . 133 

Site-Specific Technologies for 
Agriculture: Pilot Project . . . . . . . . . . . . 134 

Development of Nondestructive 
Fatigue Monitor . . . . . . . . . e . . . . . . . . . 136 

Advanced Barcode (Holotag) Reader . . 137 

Transportation Network Core Software . . 138 

Optical Sensor Development for High- 
Voltage Metering and Protection 
Applications . . . . . . . . * .  . - .  . . . . . . . . e 139 

Development of Chemically Selective 
Surfaces €or Adsorption and Detection 
of Gas-Phase Contaminants . . . . . . . . . 140 

Alloys by Design . . . . . e . . . . . . . . . . . . . 142 

Improved Process Control 
Thermocouples . . + .  . . . * .  . . . . . . * .  . . . 143 

National Infrastructure Renewal a . . . . e 144 

Optical Measurement Technology . . . ~ 146 

Velocity Sensor for Control of Thermal 
Spray ............................ 148 

Hybrid Electric Vehicle Evaluation . . . e 149 

Demand Side Management Control . . . 
System for Electric Vehicles 

150 

Project 
Number Title 

4151 

4157 

4184 

4203 

4205 

4206 

4208 

4395 

4396 

4468 

4469 

4470 

4479 

4480 

4481 

4482 

4483 

4485 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



Title Page 

INEL Metal Recycle: Induction Melting . . 177 

Process Industries-Industria1 
Improvement Using Integrated Process 
Evaluation . . . . . . . . . . . . . . . . . . . * . .  . a 178 

Depleted Uranium Flywheels for 
Stationary Applications . . . . . . . . . . . . . 180 

Simulation-based Prototyping for 
Manufacturing-based Engineering . . e . 180 

Readiness . . . . . . * .  . * .  . . . . . . . . . - .  . . e 182 

Butterfat Management e . . . . . . . . . . . e 183 

Advanced Process Diagnostics System . . 185 

Miniature Tag and Covert 
Communicator . . . . . . . . ... . .. . ... . . 186 

INEL Multimedia Object Database . . . . 188 

General User Interface Development 
Environment . . . . . . . . . . .. . . .. . ... . . 189 

Intelligent Data Access and Retrieval 
System ........................... 190 

C++ SAGE . . . . . . . . . . . . . . . . . . . . . . , . 191 

Fractional Frame Augmentation . . . . . . 192 

Development of Prompt Gamma Assay 
Method for Mining of Phosphate Ore . . 192 

Develop Intelligent Farm Management 
System Database Prototype . . . . . . . . . e 194 

Measurement of Potato Water Content. . 194 

Numerical Investigation of Dynamic 
Pressure Seals in Geologically Active 
Basins ............................ 196 

Evaluation of Potential Antimicrobial 
Properties of Malted Barley and Its 
Agricultural Applications . . . . . . . . . . ~ 197 

Project 
Number Title Page 

5606 

5609 

5615 

6111 

6808 

7105 

7203 

7204 

8415 

8416 

8506 

8507 

8510 

8511 

8515 

8516 

8517 

Biological System for Organic Acid 
Removal with Minimal Effluent . . . . . . 198 

Isolation of Gossypol Degrading 
Bacteria . . .. . . . . . . . . . . . . . . . .. . . . . -  199 

System for Growing Conifer Embryos . e 201 

Improved Transformation and 
Regeneration Techniques for Cotton . . . 202 

Compressed Gas Safety Valve . . e . e . 203 

Internal-Reforming Solid Oxide Fuel 
Cell Modeling . . e . . . . . . . . . . . . . . . . . . 204 

Advanced Methods for Adaptive 
Control for Automated Traffic 
Management . . .. . . . . . . .. . . .. . . , . . . 206 

System Dynamics Model for 
Intermodalism, .. . . .. . . . . . . . . . .. . .. 207 

Alternate Joining Techniques for 
Textiles . . . . . . . . . . . . . . . * . . . . . . . . . . .  208 

Real-Time, %-Loom Knit and Hand 
Characterization Using Diffractive 
Optical Methods . . . . . . . . . . . . . . . e . . 209 

Micromechanical Analysis Capability 
for Composite Materials . . . . . . . . . . . . . 210 

Metal Matrix Composites from Novel 
Nitride Preforms . . . . . . . . . . . . . . . . . . 212 

Cooperative Industrial Research with 
General Electric Lighting Products . . . . 212 

Lifetime Extension and Increased 
Reliability for Refinery Structures . . . . e 213 

Solar Bimodal Technologies 
Demonstration . . . . . . . . . . . . . . . . . . e . . 214 

Weight in Motion Sensor and Signal 
Analysis Technology . . . . . . . . . . . . . . . 216 

Communications Spectrum Needs for 
Short-Range Intelligent Vehicle High- 
way Systems Communications . . . . . . 218 
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B-8 Appendix B-Project Number and Title Index 

Project 
Number Title Page 

8518 

8614 

8616 

8708 

8712 

8806 

9508 

9511 

9512 

9514 

9515 

Developing a Nonlinear Electromagnetic 
Modeling Capability Using the Finite- 
Difference Time Domain Method . . . . . 218 

Electrochemical-based Processing 
Technologies . . . . . . . . . . . . . . . . . . . . a . 219 

Nonaqueous Processing in the Textile 
Industry .......................... 221 

Off-Line Manufacturing Simulation . . . 222 

Spray Forming Titanium Alloys into 
Billet and Sheet . . . . . . . . . . . . . . . . . , . . 223 

Industrially Compatible Laser 
Ultrasonics * .  . . . . . . . . . . . . . . . . * .  . . . a 225 

Optimization of Automobile 
Component Shapes . . . . . . e . . . . . . . . . 227 

Mediator . . . . . . . . . . * .  . . . . . . . . . . . - .  228 

Gas-Driven Photovoltaic Generators . . . 229 

Measurement of Crude Oil Corrosivity . . 230 

Installation of Precession X-Ray 
Camera for Single Crystal Analysis . . . 232 

Project 
Number Title Page 

9516 

W091 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Direct Production of Low-Cost High- 
Quality Titanium Powder by 
Mechanical Alloying.. . . . . . . . . . . . . . ~ 232 

Petroleum Tanks Inspection Delivery 
System . . . . . . . . . . . . . . . . . . . . . . . . . . 233 

Long-Term Research Initiatives 

Molecular Biology . . . . . . . . . . . . . . . . . . 237 

Nuclear Physics . . . . . . . . . . . . . . . . . . , 239 

Condensed Matter . . . . . . . . . . . . . . . . , 242 

Theoretical Chemistry . . . . . . . . . . . . . . 247 

Computational Mechanics . . . . . . . . . . . 249 

Nonconventional Bioprocessing , . . . . 252 

Radiation Measurements . . . . . . . . . . . . 254 

Nuclear Fuels and Materials . . . . . . . . . 256 

Experimental Thermal Science . . . . . . . 259 
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Appendix C-Project Performance Measures c-3 

Project 
IO10 
I020 
I030 
I040 
IO50 
I060 
I070 
I080 
IO90 

- 

I102 

I230 
I23 1 
I232 

I242 

I247 

I248 

I25 1 

I252 

I253 

I262 

I303 
I305 

I306 

1102 
1171 
L 172 

Title 
Aolecular Genetics 
Juclear Physics 
Iondensed Matter 
'heoretical Chemistry 
Iomputational Mechanics 
Jonconventional Bioprocessing 
Ladiation Measurements 
Juclear Fuels and Materials 
{xperimental Thermal Science 
issessment Methodology for Enhanced 
lioremediation of Hydrocarbons in the Petroleum 
ndustry 
Jondestructive Examination of Bottom Crimped 
leam on 55 Gallon Drums 
Iigh Tc Squid-Sensor NDE 
Lobust NDE using photorefractive nonlinear optics 
Iatalyst Assisted Sonochemical Treatment of 
lazardous Organic Wastes 
iynthesis, Characterization, and the Modes of 
nteraction in VOC Sensor Materials 
'olymers - Water Separations, Ozone/Oxygen 
leparations, Platform, and Laser Assisted 
'01 ymerization 
ron Aluminide Filters for Improved Efficiency 
iossil Energy Conversion 
Year Coatings for Aluminum Automobile Engine 
Iomponents 
;actors Which Determine the Microstructure of 
lpray Deposited Materials 
ntegration of sample introduction techniques, torch 
lesign and optics for the determination of trace 
netals in biological samples with ICP-AES 
Lemoval of Chlorinated Solvents from Air Streams 
sing Anaerobic Biofiltration 
Aicrobiology of Sugar Plant Flume Systems 
Jtilization of Sawdust for Microbial Abatement of 
kid Mine Drainane 

iTR Radioisotope Production and Purification Study 
Jeutron Delivery System Study 
figh Energy Computational Dosimetry 

Y ca 

1 - 

2 

1 - 

1 - 

I 

3 
1 2  

1 
5 
3 1  
3 
1 

1 

1 
2 

0.5 1 

1 

1 - 
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Project 
1173 
1201 

1202 

Title 
Teal-Time Measurement Dosimetry for BNCT 
'hoto-Catalytic Treatment of Anionic Cyanides 
Jatalvtic Destruction of Halogenated Organics at u 

Supe&itical Fluid Condition; 
Destruction of PCBs in Oil Using Gamma Irradiatior 
md Ozone 
4lkylation Catalysts for Operation at Supercritical 
quid Conditions 

1203 

1206 
3ioprocess Development for the Remediation of 
JR(V1) and U(VI) Contaminated Soils and 
3oundw ater 
Mixed Microbial Encapsulated Fertilizer 
4mendments 

Sensors for the Control of Thermal Spray Processes 
Heat Transfer Through Solid Cryogen 
Cloncentxation Technologies 
LJltraviolet VOC Destruction Technology, Liner 
Lifetime and By-product Testing with Hazardous 
Waste Disposal Considerations 
Portable Photon Analysis Spectrometer (PPAS) for 
I'RU and Y Assay 
Mixed Oxide Fuels Testing in the Avanced Test 
Reactor 
3eneral h o s e  Time-DeDendent Particle TransDort 

1233 1 1 1 

1 - 1241 

1301 
3 - 1302 

1303 

1306 

2104 

2108 

2111 

2205 

2207 

2 - 

with Isotope Generation &d Depletion 
Development of a Simplified Version of 
SCDAPRELAPS for Simulator Applications 
Yon-Fertile Fuel Fabrication DeveloDment and 
hadiation Performance Assessmen< 
Site-Specific Technologies for Agriculture: Pilot 
Project 2 

1 
- 
- 

3 
1 
- 
- 

1 
2 
- 
- 

2278 
2302 Fhotoneutron Studies for Radiotherapy 

Feasibility Study of Using INEL Developed 
Transport Tools to Calculate Photodynamic 
Dosimetrv 2303 

2304 
250 1 

Kinetic Modeling of the ITER Dissipative Divertor 
Development of Nondestructive Fatigue Monitor 
Zonceptual Design of a 55 Gallon Waste Container 
Refurbishment System 
4dvanced Barcode (Holotag) Reader 

3203 
3302 0.3 - 
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Appendix C-Pro ject Performance Measures c-5 

f 
8 
d 2 

0 
a 
0 

a 

.3 Y 

.3 - 
3 00 

E 

E 
.e m 

8 
cl 
.e 

z * 
.e > c w - 

* 
E 
3 - 2 Project pr Title 

rransportation Network Core Software 
'hotodissociation of Mercuric Chloride Treatability 
Study 
@tical Sensor Development for High Voltage 
vletering and Protection Applications 
Development of Chemically Selective Surfaces for 
4dsorption and Detection of Gas-Phase 
Zontaminants 
Uloys by Design 
Lmproved Process Control Thermocouples 
NEL-U of I Laboratory for Liquid Extraction and 
[on Exchange Research 
Vational Infrastructure Renewal 
3ptical Measurement Technology 
Velocity Sensor for Control of Thermal Spray 
Fracture Mechanics-Based Design Methodologies fo1 
Metal Matrix Composite Material 
Hvhrid Electric Vehicle Evaluation 

- 
2 
_. 

3710 

3711 

406 1 
4073 
4076 

4078 
4080 
408 1 
4082 

4090 
4103 

4105 

41 10 

1 1 1 - 1 - 

2 

3 
4 
- 
- 
0.3 - 

1 - 

Demand Side Management Control System for 
Electric Vehicles 
Develop, Build, and Test Assay System to Measure 
I'RU and Fission Product Contamination in 
Subsurface Soil 
Development of Intelligent Cooperative Miniature 
Robot Systems 

Natural Gas Locomotives and Transportable Power 

Biodecontamination of Massive Concrete Structures 
Catalyst Assited in-Situ Bioremediation 
Loom Feedback Controls 
Highly Dynamic Materials Process Modeling Using 
Particle Methods 
Sustainable Water Resources Management 
Advanced Plasma Processes for Black Liquor 
Gasification 
Joining and Testing of Small Scale Automotive 
Components 
Process Control Development for Ultracapacitor 
electrodes by Liquid Injection Plasma Deposition 
(LPD) 

2 - 2 - 1 - 2 1 

5 

~ 

I=- - 

p 
41 84 

- 
1 

1 - 

1 - 1 - 1 - 

1 - 1 - 
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Numbers 

Project 

4275 
4374 
4395 
4396 
4468 

E 4480 

~ 

4487 

4864 

14865 
4866 

Title 
ligh Sensitivity NDA for Transuranic Waste 
Jharacterization 
qexible Fish Conduit Passive System 
MAPS Solid Oxide Fuel Cell 
MAPS Thermo Photovoltaic 
3ptimization Based SIMPLEV 
3ybrid Vehicle Component Hardware-in-the-Loop 
Teasibility Study 
Software Metrics Program 
Manufacturing Research 
Building Materials 
Smart HVAC Systems Design 
3igh TemDerature Porous Cement Filters for the 
Paier a n d h d p  Industry 
Silent Discharge Plasma for Treatment of 
4utomobile Ezhaust 
Evaluation of Liquid Metal Technologies Applicable 
.o Radioactively-Contaminated Scrap Metal (RSM) 
Recycling 
NEL Metal Recycle: Induction Melting 
Process Industries - Industrial Improvement Using 
htegrated Process Evaluation: Food Processing, Pulp 
and Paper, SteeYAluminum 
DeDleted Uranium Flywheels for Stationary 
~pplications 
Development of a Methodology for Assessment of 
Power Plant Emissions on Ah-Quality Related 
Values 

Passive Containment of Volatile Oreanic Soil Vamra 
Development of Vadose Zone Monitoring 
Simulation Based Prototyping for Manufacturing 
Based Engineering 
Human and Organizational Systems Readiness 
Butterfat Management 
Advanced Process Diagnostics System 
[ntelligent Sensor Data Acquisition Analysis 
Modeling Underground Structures 
Neural Analysis Techniques for Field Deployable 
Environmental Sensors 
Miniature Tag and Covert Communicator 

B 
.e Y .3 

$ 
5 
> .e 

Y 
cd 

1 
1 
- 
- 

2 
9 
1 

- 
- 

2 

1 - 

1 

1 
1 

- 

- 

1 
0.4 
- 
- 

1 - 

- 
1 
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Appendix C-Project Performance Measures c-7 

Numbers 

3 s a a 
1 rn 2 

0 
cd 
c 
.e Y 

Y 6 
B Y 
.e > c 
Y - 2rojecl 

4956 

Title 
- 

2 
- 

1 
Zractional Frame Augmentation 
Development of Prompt Gamma Assay Method for 
VIining of Phosphate Ore 
3ouping and Modeling Ecosystem Components for 
3cological Risk Assessment 
Develop Intelligent Farm Management System 
Database Prototype 
Water Shutoff in Producing Oil Wells Utilizing 
3acteria 

2 I5203 

15204 

p- Zstirnating Sorption Properties of Clay Materials 
dentification of a Surfactant/Alcohollymer 

iutomated Neutron Probe Monitoring 
VIeasurement of Potato Water Content 
Vumerical Investigation of Dynamic Pressure Seals 
n Geologically Active Basins 

System for Safe Mobilization of TCE 2 

E iquatic Vascular Plant Control I 
Zvaluation of Potential Antimicrobial Properties of I 

1 - 

5609 
5610 

<emoval of Methanol from Forest Products Industry 

4 - 3ioremediation 
2n lntermediate to Field Scale Model for Predicting I - 
?orous Media Microbial Transport 
Zomm-essed Gas Safetv Valve f - 

2 
6808 

hternal-Reforming. SOFC Modeling I 1  
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Numbers 

.4 z 
Y 

Y 
cd 
E 6 2 

2 
0 
n 

0 
3 

.C B 
Y .+ > 
d 
Y - 

cd 
Q a, - ?rojed 

7203 
7204 

7603 

- Title 
idvanced Methods for Adaptive Control for 
iutomated Traffic Management 
System Dynamics Model of lntermodalism 

2 - 

I 6 6 
Ydvanced Combined Environments Test Station 
ACETS) Scoping Studies 
'GNAA Methods DeveloDment for Waste Assay 4- ipplications 
rritium Production by Irradiation of 3He 
teal-Time Asbestos Analysis by Raman 
Spectroscopy 
capid Agrochemical Sensor 
n-Situ Biodegradation of High Energy Materials 
Capid Laser Assay of Surface Contamination During 
>&D 

7907 
7909 

i104 
i106 
i403 

i409 

I 
1 - 2 

2 
- 
- 

vleasurement of Component Ratio in Oil/Water/Gas 
vlixtures and Determination of Flow Regime 
Utemate Joining Techniaues for Textiles 

i414 
i415 

teal-Time, On Loom Knit and "Hand" 
Zharacterization Using Diffractive Optical Methods. 
Zharacterization of Aged Materials with NDE and 
ntemal Friction Measurements 
vlicromechanical Analysis Capability for Composite 
vlaterials 
vletal Matrix Composites from Novel Nitride 
?.efnrms 

$416 

i501 

i506 

1 - i507 
~ ~~~ 

'olyethylene Sulfur: Feasibility as a Waste 
Zncapsulation Material for Low-Level and Mixed 
Wastes 
Zooperative Industrial Research with GE Lighting 
3-oducts 
Afetime Extension and Increased Reliability for 
iefinery Structures 
n-Field Assay for PPM Levels of Cr in 
kvironmental Media 
Solar Bimodal Technologies Demonstration 
Weight in Motion (WIM) Sensor and Signal Analysi: 
rechnology 
Zomrnunications Spectrum Needs for Short Range 
VHS Communications 

1 - $509 

$510 

$511 

- 
2 

7 

- 2 - 

$5 14 
i515 I 
3516 

3517 

I 
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Appendix C-Proiect Performance Measures c-9 

2roject r Title 
Developing a Nonlinear Electromagnetic Modeling 
Zapability using the Finite-Difference Time Domain 
vlethod 
3ectro Chemical-Based Processing Technologies 

lalogenated Organics 
Vonaqueous Processing in the Textile Industry 
Iff-Line Manufacturing Simulation 

bray Forming Titanium Allow into Billet and Sheet 

temperature Reductive Catalytic Destruction of 

- 
4 

ndustrially Compatible Laser Ultrasonics 
ktimization of Automobile ComDonent ShaDes 
'eriphyton Communities for Environmental 
vlonitoring 
wledi ator 

9515 

;as Driven Photovoltaic Generators 
rolo Lake Mammoth Excavation 4 
vleasurement of Crude Oil Corrosivity 
[nstallation of Precession X-Ray Camera for Single 

1 
- 

Crystal Analysis 
Direct Production of Low Cost High Quality 
Titanium Powder by Mechanical Alloying 
rechnetium 

Alternate Material for Stainless Steel Lined Concrete 
Oxidative Processes for the Remediation of 
Contaminated Soils 
Solid Phase Microextraction 

Synthesis and Characterization of Pt/Pd Compounds 
for a Fiber Optic Based Sensor for VOCs 
[CPP Testbed Framework and Field Tests 
&-Site F-18 Production 
Electrocatalytic Vapor Sensor 
WERC University Design Competition 

Characterization of Fuel ProcessingNaste Form 
Chemistry by High Temperature Mass Spectrometry 
relepresence for Mobile Robotics in Nuclear 

E 
_. 

2 - 

(woa 
Envikonments 
Petroleum Tanks Inspection Delivery System 
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Project 

W097 

W104 

Title 
Sodium-Bearing Waste Treatment Technology for 
Separating the Nitrate Anion and Alkali Salts Using 
Ion-Exchange 
The Effect of Thermal Treatment of INEL Soil Prior 
to Cementitious Solidification 
Automatic Pressurized Filtering of Environmental 

TOTAL 

* m 

2 

1 

- 

- 
- 121 

lz 0 
B * m 
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Appendix D-Relevance to Major National Programs D-3 

Project 
I 

- Proj ctName 

Assessment Methodology for Enhanced Bioremediation 
of Hydrocarbons in the Petroleum Industry 
Nondestructive Examination of Bottom Crimped Seam 

High Tc Squid-Sensor NDE 

Robust NDE using photorefractive nonlinear optics 
Catalyst Assisted Sonochemical Treatment of Hazardou, 

Synthesis, Characterization, and the Modes of 
Interaction in VOC Sensor Materials 

1102 

1230 on 55 Gallon Drums 
123 1 

1232 

1242 Organic Wastes 

)247 
Polymers - Water Separations, Ozone/Oxygen 
Separations, Platform, and Laser Assisted 

1248 IPdymerization 
!Iron Aluminide Filters for Improved Efficiency Fossil 

125 1 Energy Conversion 

1252 Components 
Wear Coatings for Aluminum Automobile Engine 

Factors Which Determine the Microstructure of Spray 
1253 Deposited Materials 

Integration of sample introduction techniques, torch 
design and optics for the determination of trace metals ii 

Removal of Chlorinated Solvents from Air Streams 
I262 biological samples with ICP-AES 

)303 using Anaerobic Biofiltration 

)305 

1306 Mine Drainage 

Microbiology of Sugar Plant Flume Systems 
Utilization of Sawdust for Microbial Abatement of Acid 

ATR Radioisotope Production and Purification Study 
Neutron Delivery System Study 

Real-Time Measurement Dosimetry for BNCT 

Photo-Catalytic Treatment of Anionic Cyanides 
Catalytic Destruction of Halogenated Organics at 
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D-4 Appendix D-Appendix D-Relevance to Major National Programs 

Project Y 

203 andozone 

206 Conditions 

Destruction of PCBs in Oil Using Gamma Irradiation 

Alkylation Catalysts for Operation at Supercritical Fluic 

Bioprocess Development for the Remediation of CR(VI 
and U(V1) Contaminated Soils and Groundwater 233 

Proiect Name 

Mixed Microbial Encapsulated Fertilizer Amendments 

Sensors for the Control of Thermal Spray Processes 

303 Concentration Technologies 
Ultraviolet VOC Destruction Technology, Liner 
Lifetime and By-product Testing with Hazardous Wastc 

306 IDisposal Considerations 
IPortable Photon Analysis Spectrometer (PPAS) for TRI 

:lo4 and Y Assay 

1108 Mixed Oxide Fuels Testing in the Avanced Test Reacto 

1 General Purpose Time-Dependent Particle Transport 
with Isotone Generation and Dedetion !I 11 

Development of a Simplified Version of 

Non-Fertile Fuel Fabrication Development and 
:205 SCDAEVRELAPS for Simulator Applications 

1207 Irradiation Performance Assessment 

:278 
1302 Photoneutron Studies for Radiotherapy 

Site-Specific Technologies for Agriculture: Pilot Projec 

Feasibility Study of Using INEL Developed Transport 
Tools to Calculate Photodynamic Dosimetry 

Kinetic Modeling of the lTER Dissipative Divertor 

Development of Nondestructive Fatigue Monitor 
Conceptual Design of a 55 Gallon Waste Container 

'303 

!304 

'501 

1203 Refurbishment System 
1302 \Advanced Barcode (Holotag) Reader 
1601 ITransDortation Network Core Software 

C 
0 

0 0 
?A 

.,-, Y 

c - 
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Appendix D-Relevance to Major National Programs D-5 

Project 

1710 

1711 

IO61 
1.073 
it%- 

im- 
i a r  
IO78 

1082 

I090 
I103 

I105 

I110 

I151 

I157 

I171 
I172 
ma--- 
I203 
I204 

I205 

1.206 

I208 

Project Name 
’hotodissociation of Mercuric Chloride Treatability 
ltudv 

$tical Sensor Development for High Voltage Metering 
nd Protection Applications 

Ievelopment of Chemically Selective Surfaces for 
idsorption and Detection of Gas-Phase Contaminants 
illovs bv Design 
mproved Process Control Thermocouples 
NEL-U of I Laboratory for Liquid Extraction and Ion 
Cxchange Research 
iational Infrastructure Renewal 
Iptical Measurement Technology 

Ielocity Sensor for Control of Thermal Spray 

Tractwe Mechanics-Based Design Methodologies for 
detal Mamx Composite Material 
lybrid Electric Vehicle Evaluation 

- 

)emand Side Management Control System for Electric 
Iehicles 
)evelop, Build, and Test Assay System to Measure 
’RU and Fission Product Contamination in Subsurface 
;oil 
)evelopment of Intelligent Cooperative Miniature 
lobot Svstems 

Jatural Gas Locomotives and Transnortable Power 

5iodecontamination of Massive Concrete Structures 
:atalvst Assited in-Situ Bioremediation 
.oom Feedback Controls 
Iighly Dynamic Materials Process Modeling Using 
)a&cle Methods 
hstainable Water Resources Management 
idvanced Plasma Processes for Black Liquor 
iasification 
oining and Testing of Small Scale Automotive 
:omponents 
’rocess Control Development for Ultracapacitor 
lectrodes by Liquid Injection Plasma Deposition 
LIpD) 

- 
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D-6 Appendix D-Appendix D-Relevance to Major National Programs 

Project 

4468 
I 

4482 y 4486 

14487 

Project Name 
€igh Sensitivity NDA for Transuranic Waste 
:haracterization 
lexible Fish Conduit Passive System 
4APS Solid Oxide Fuel Cell 
4APS Thermo Photovoltaic 
htimization Based SIMPLEV ~~ 

Iybrid Vehicle Component Hardware-in-the-Loop 
'easibility Study 
loftware Metrics Promam 
4anufacturing Research 
building Materials 
lmart W A C  Systems Design 
Iigh Temperature Porous Cermet Filters for the Paper 
nd Pulp Industry 
lilent Discharge Plasma for Treatment of Automobile 
bhaust 
hahation of Liquid Metal Technologies Applicable to 
Ladioactively-Contaminated Scrap Metal (RSM) 
lec y cling 
NEL Metal Recycle: Induction Melting 

'rocess Indusmies - Industrial Improvement Using 
ntegrated Process Evaluation: Food Processing, Pulp 
nd Paper, Steel/Aluminum 
Iepleted Uranium Flywheels for Stationary 
indications 

levelopment of a Methodology for Assessment of 
'ower Plant Emissions on Air Quality Related Values 

'assive Containment of Volatile Organic Soil VaDors 
Ievelopment of Vadose Zone Monitoring 
limulation Based Prototyping for Manufacturing Based 
ingineering 

luman and Organizational Systems Readiness 
lutterfat Management 
idvanced Process Diagnostics System 
ntelligent Sensor Data Acquisition Analysis 
Aodeling Underground Structures 
Neural Analysis Techniques for Field Deployable 
Environmental Sensors 
Miniature Tag and Covert Communicator 

c 

c 

X 
c 
c 
c 
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Appendix D-Relevance to Major National Programs D-7 

Project p 

15201 

F 6503 

Project Name 
NEL Multimedia Object Database 

jeneral User Interface Development Environment 

ntelligent Data Access and Retrieval System 
:++ SAGE 
'ractional Frame Augmentation 
Ievelopment of Prompt Gamma Assay Method for 
dining of Phosphate Ore 

jrouping and Modeling Ecosystem Components for 
kological Risk Assessment 
)evelop Intelligent Farm Management System Databast 
'rototype 

Water Shutoff in Producing. Oil Wells Utilizing Bacteria 

Estimating Sorption Properties of Clay Materials 

Identification of a SurfactantfAlcohoVPolymer System 
for Safe Mobilization of TCE 
Automated Neutron Probe Monitoring 
Measurement of Potato Water Content 

Numerical Investigation of Dynamic Pressure Seals in 
Seologically Actiie Basins 
Aauatic Vascular Plant Control 

Evaluation of Potential Antimicrobial Properties of 
Malted Barley and its Agricultural Applications 
Biological System for Organic Acid Removal with 
Minimal Effluent 

Bioprocessing of Indigo Textile Dye Waste Effluent 
[solation of Gossypol Degrading Bacteria 
Microstructural Influences on Biocorrosion 
Removal of Methanol from Forest Products Industry 01 
gases by Biofiltration 
System for Growing Conifer Embryos 
hnproved Transformation and Regeneration Technique! 
for Cotton 
Nutrient Diffusing Substrata to Conduct Rational 
Bioremediation 
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i808 ICompressed Gas Safety Valve 
U05 hemal-Reforming SOFC Modeling 

D-8 Appendix D-Appendix D-Relevance to Major National Programs 

1 Advanced Methods for Adaptive Control for Automatec 

Project 

901 

r203 ITraffic Management 

Project Name 

An Intermediate to Field Scale Model for Predicting 
Porous Media Microbial Transport 

r204 

7603 

System Dynamics Model of Intermodalism 
Advanced Combined Environments Test Station 
(ACETS) Scoping Studies 
PGNAA Methods Development for Waste Assay 

1907 
7909 

Applications 
Tritium Production by Irradiation of 3He 

IMeasurement of Component Ratio in OiVWaterIGas 

$104 
<lo6 

Real-Time Asbestos Analysis by Raman Spectroscopy 
Rapid Agrochemical Sensor 

3403 

3409 

Polyethylene Sulfur: Feasibility as a Waste 
Encapsulation Material for Low-Level and Mixed 

Cooperative Industrial Research with GE Lighting 

In-Situ Biodegradation of High Energy Materials 
Rapid Laser Assay of Surface Contamination During 
D&D 

8510 ]Products 
]Lifetime Extension and Increased Reliability for 

3414 
8415 

85 11 /Refinery Structures 
IIn-Field Assay for PPM Levels of Cr in Environmental 

Mixtures and Determination of Flow Regime 
Alternate Joining Techniques for Textiles 

8514 \Media 
85 15 I Solar Bimodal Technologies Demonstration 

8416 

8501 

8506 

Real-Time, On Loom Knit and "Hand" Characterizatioi 
Using Diffrxtive Optical Methods. 
Characterization of Aged Materials with NDE and 
Internal Friction Measurements 
Micromechanical Analysis Capability for Composite 
Materials 
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Appendix D-Relevance to Major National Programs D-9 

Project 

i516 

- 

1517 

1518 

1614 

1615 

1616 w 

1806 
1712 

508 

)510 mi- 
)512 
)513 
)514 

,515 

,516 
,517 

NO07 

NO16 
K019 

NO27 
N029 m am- a%- 

Project Nam 
Neight in Motion (WIM) Sensor and Signal Analysis 
:ethnology 
:ommunications Spectrum Needs for Short Range 
VHS Communications 
)eveloping a Nonlinear Electromagnetic Modeling 
:apability using the Finite-Difference Time Domain 
dethod 

{lectro Chemical-Based Processing Technologies 
,ow temperature Reductive Catalytic Destruction of 
Ialogenated Organics 

(onaqueous Processing in the Textile Industry 
Iff-Line Manufacturing Simulation 

ipray Forming Titanium Alloys into Billet and Sheet 
ndustriallv Com~atible Laser Ultrasonics 

Iptimization of Automobile Component Shapes 

'eriphyton Communities for Environmental Monitoring 
dediator 
3as Driven Photovoltaic Generators 
:olo Lake Mammoth Excavation 
deasurement of Crude Oil Corrosivity 
nstallation of Precession X-Ray Camera for Single 
2rystal Analysis 

Iirect Production of Low Cost High Quality Titanium 
bwder by Mechanical Alloying 
:echnetium 

Uternate Material for Stainless Steel Lined Concrete 
Ixidative Processes for the Remediation of 
2ontaminated Soils 
iolid Phase Microextraction 

iynthesis and Characterization of Pt/Pd Compounds for 
L Fiber Optic Based Sensor for VOCs 
CPP Testbed Framework and Field Tests 
In-Site F-18 Production 
3ectrocatalytic Vapor Sensor 
NERC University Design Competition 

c 
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Project Project Name 

Characterization of Fuel ProcessingIWaste Form 
Chemistry by High Temperature Mass Spectrometry 
Telepresence for Mobile Robotics in Nuclear 

NO43 

V089 Environments 

NO91 /Petroleum Tanks Inspection Delivery System 
I Sodium-Bearing Waste Treatment Technologv for 
Separating the fiitrate Anion and Alkali SalgUsing Ion. 

The Effect of Thermal Treatment of INEL Soil Prior to 
NO97 Exchange 

V104 Cementitious Solidification 

Automatic Pressurized Filtering of Environmental 

Position Tracking for Remote Subsurface 
V109 Samples for Remote Applications 

N1 1 1 Characterization Systems 

N122 I Evaluation of Delvhi Oxidation for Activated Carbon 

Theoretical Chemism 
I050 Computational Mechanics 
1060 Nonconventional Bioprocessing 
)070 Radiation Measurements 
lo80 (Nuclear Fuels and Materials 
K)90 iExDerimend Thermal Science 

Z z 
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LTRI 0010 

Bruhn, D.F. and F.F. Roberto, 
1995, ”Introduction of Arsenic 
Resistance Genes into Acidiphili- 
um,” in preparation. 

Bruhn, D.F., J. Li, F.F. Roberto, S. 
Silver, and B. Rosen, 1995, “Com- 
parison of the Restriction Maps of 
the Arsenic Resistance Regions of 
Plasmids R773 and R46,” in prepa- 
ration. 

Stoner, D.L., C.A. Browning, D.K. 
Bulmer, T.E. Ward, and M.T. Mac- 
Donell, 1995, ”Direct 5s rRNA 
Assay for Microbial Community 
Characterization,” in preparation. 

Stoner, D.L., C.A. Browning, D.K. 
Bulmer, T.E. Ward, and M.T. Mac- 
Donell, 1995, ”Direct 5s rRNA 
Assay for Monitoring Mixed-Cul- 
ture Bioprocesses,” submitted. 

Ward, T.E. and D. Bulmer, 1995, 
”Cloning of the Acidiphilium rec- 
A Gene and Construction of rec- 
Acidiphilium Mutants,” in prepa- 
ration. 

LTRI 0020 

Barrette, Jean, for the E877 Collab- 
oration (BNL, GSI, INEL, McGill 
Univ., Univ. of Pittsburgh, Univ. 
Univ. of de Sao Paulo, SUNY 
Stony Brook, Wayne State Univ.), 
J. Barrette, R. Bellwied, S. Bennett, 
P. Braun-Munzinger, W.E. Cle- 
land, M. Clemen, J.D. Cole, T.M. 
Cormier, G. David, J. Dee, Y. 
Kwon, R. Lacasse, A. Lukaszew, 
Q. Li, T. W. Ludlam, S.K. Mark. S. 
McCorkle, R. Matheus, D. 
Miskowiec, J.T. Murgatroyd, E. 
OBrien, S. Panitkin, T. Piazza, C. 
Pruneau, M.N. Rao, M. Rosati, 
N.C. da Silva, S. Sedykh, U. Son- 
nadara, J. Stachel, N. Starinsky, 
E.M. Takagui, S. Voloshin, G. 
Wang, J.P. Wessels, C.L. Woody, 

N. Xu, Y, Zhang, and C. Zou, 
1995, ”Directed Flow and Particle 
Production in Au+Au Collisions 
from Experiment 877,” submitted 
to QM95. 

Barrette, J., R. Bellwied, S. Bennett, 
P. Braun-Munzinger, W.E. Cle- 
land, M. Clemen, J.D. Cole, T.M. 
Cormier, G. David, J. Dee, 0. Diet- 
zsch, M.W. Drigert, J.R. Hall, T.K. 
Hemmick, N. Herrmann, B. Hong, 
Y. Kwon, R. Lacasse, A. 
Lukaszew, Q. Li, T.W. Ludlam, 
S.K. Mark, S. McCorkle, R. 
Matheus, E. O’Brien, S. Panitkin, 
T. Piazza, C. Pruneau, M.N. Rao, 
M. Rosati, N.C. daSilva, S. Sedykh, 
U. Sonnadara, J. Stachel, N. Starin- 
sky, E.M. Takagui, S. Voloshin, G. 
Wang, J.P. Wessels, C.L. Woody, 
N. Xu, Y. Zhang, and C. Zou, 
1995, ”Charged Particle Pseudora- 
pidity Distributions in 
Au+Al,Cu,Au and U Collisions at 
10.8 A.GeV/c,” Phys. Rev. C51, 
3309. 

Barrette, J., R. Bellwied, S. Bennett, 
P. Braun-Munzinger, W.E. Cle- 
land, M. Clemen, J. Cole, T.M. 
Cormier, G. David, J. Dee, 0. Diet- 
zsch, M. Drigert, s. Gilbert, J.R. 
Hall, T.K. Hemmick, N. Her- 
rmann, B. Hong, C.L. Jiang, Y. 
Kwon, R. Lacasse, A. Lukaszew, 
Q. Li, T.W. Ludlam, S. McCorkle, 
S.K. Mark, R. Matheus, E. OBrien, 
S. Panitkin, T. Piazza, C.  Pruneau, 
M.N. Rao, M. Rosati, N.C. daSilva, 
S. Sedykh, U. Sonnadara, J. 
Stachel, H. Takai, E.M. Takagui, S .  
Voloshin, G. Wang, J.P. Wessels, 
C.L. Woody, N. Xu, Y. Zhang, Z. 
Zhang, and C. Zou (E877 Collabo- 
ration ), 1994, ”Observation of 
Anisotropic Event Shapes and 
Transverse Flow in Ultrarelativis- 
tic Au + Au Collisions,” Phys. Rev. 
Lett. 73,2532. 

Bersch, R., for the E877 Collabora- 
tion (BNL, GSI, INEL, McGill Uni- 

versity, Univ. of Pittsburgh, 
SUNY-Stony Brook, Univ. of Sao 
Paulo, Wayne State University, 
Yale University), 1995, ”A Geo- 
metric Charge Division Pad 
Chamber for Au + Au Collisions 
at the AGS,” Bull. Am. Phys. Sac. 
40, 920. 

Butler-Moore, K., R. Aryaeinejad, 
J.D. Cole, Y. Dardenne, R.C. 
Greenwood, J.H. Hamilton, A.V. 
Ramayya, W.C. Ma, B.R.S. Babu, 
J.O. Rasmuessen, M.A. Stoyer, S.Y. 
Chu, K.E. Gregorich, S. Asztalus, 
S.G. Prussin, K. Moddy, and R. 
Lougheed, ”Evidence of Unique 
Parity Band Structure in Neutron- 
Rich Odd-A Ru Isotopes,” Phys. 
Rev. C. (in press). 

Butler-Moore, K., R. Aryaeinejad, 
J.D. Cole, Y. Dardenne, R.C. 
Greenwood, and H.M. Winston, 
1995, ”Application of X-rays in 
Prompt Spectroscopy of z2Cf Fis- 
sion Fragment,” Nucl. lnstr. and 
Methods A361,245. 

Drigert, M.W., J.D. Cole, E.L. 
Reber, and J.M. Young, ”Report on 
a Field-Portable VME-based Dis- 
tributed Data Acquisition Sys- 
tem,” presented at Ninth Confey- 
ence on Real-Time Computer Applica- 
tions in Nuclear, Particle, and Plasma 
Physics, M y  23-26, East Lansing, 
Michigan. 

Fornal, B., R.H. Mayer, I.G. Bear- 
den, Ph. Benet, R. Broda, P.J. Daly, 
Z.W. Grabowski, I. Ahmad, M.P. 
Carpenter, P.B. Fernandez, R.V.F. 
Janssens, T.L. Khoo, T. Lauritsen, 
E.F. Moore, and M.W. Drigert, 
1994, “Gamma-Ray Studies of 
Neutron-Rich sdf Shell Nuclei Pro- 
duced in Heavy Ion Collisions,” 
Phys. Rm. C49,2413. 

Hall, J.R., for the E877 Collabora- 
tion (BNL, GSI, INEL, McGill Uni- 
versity, U. of Pittsburgh, U. of Sao 

Idaho National Engineering Laboratory LDRD FY 1995 Annual Report 



E-4 Appendix E-Publications 

Paulo, SUNY-Stony Brook, Wayne 
State University), 1994, ”Charged 
Particle Multiplicity in Au + Au 
Collisions at AGS Energy,” Bull. 
Am. Phys. Soc. 39,1418. 

Hamilton, J.H., A.V. Ramayya, J. 
Kormicki, W.-C. Ma, Q. Lu, D. Shi, 
J.K. Deng, S.J. Zhu, A. Snadelescu, 
W. Greiner, G.M. Ter-Akopian, Yu 
Ts, Oganessian, G.S. Popeko, A.V. 
Daniel, J. Kliman, V. Polhorsky, 
M. Morhac, J.D. Cole, R. Aryaeine- 
jad, I.Y. Lee, N.R. Johnson, and 
F.K. McGowan, 1994, ”Zero Neu- 
tron Emission in Spontaneous Fis- 
sion of 252Cf a Form of Cluster 
Radioactivity,” J. Phys. G20, L85. 

Hamilton, J.H., G.M. Ter-Akopian, 
Yu. Ts. Oganessian, A.V. Daniel, J. 
Kormicki, G.S. Popeko, A.V. 
Ramayya, Q. Lu, K. Butler-Moore, 
W.-C. Ma, S. C‘wiok, W. 
Nazarewicz, W. Greiner, A. Sand- 
ulescu, J.K. Deng, D. Shi, J. Kli- 
man, M. Morhac, J.D. Cole, R. 
Aryaeinejad, S.J. Zhu, R. Babu, 
N.R. Johnson, I.Y. Lee, F.K. 
McGowan, and J.X. Saladin, 1995, 
“A New Spontaneous Fission 
Mode for 252Cf Hyperdeforma- 
tion, Cluster Radioactivity, New 
Levels,” Presented at European 
Physical Society, XV Nuclear 
Physics Divisional Confuence, Low 
Energy Nuclear Dynamics, April 18- 
22, 1995, St. Peterburg, Russia. 

Hamilton, J.H., Q.-H. Lu, S. J. Zhu, 
K. Butler-Moore, A.V. Ramayya, 
W.-C. Ma, B.R.S. Babu, T.N. Gin- 
ter, J. Kormicki, J.K. Deng, D. Shi, 
L.K. Peker, J.O. Rasmussen, M.A. 
Stoyer, S.Y. Chu, K.E. Gregorich, 
M.F. Mohar, S. Prussin, J.D. Cole, 
R. Aryaeinejad, N.R. Johnson, I.Y. 
Lee, F.K. McGowan, G.M. Ter- 
Akopian, and Yu. Ts. Oganessian, 
1995, ”Extended Identical Bands in 
98,100Sr and 108,110Ru and New 
High Spin States in 98-10221 and 
112-116Pd,” International Confuence 

on Exotic Nuclei and Atomic Masses, 
June 19-23, 1995, Arles France. 
Hamilton, J.H., G.M. Ter-Akopian, 
Yu. Ts. Oganessian, J. Kormicki, 

Butler-Moore, A.V. Ramayya, W.- 
C. Ma,B.R.S. Babu, D. Shi, J.K. 
Deng, G.S. Popeko, A.V. Daniel, 
W. Greiner, A. Sandulescu, J.D. 
Cole, R. Aryaeinejad, J. IUiman, V. 
Polhorsky, M. Morhac, N.R. John- 
son, I.Y. Lee, F.K. McGowan, and 
L.K. Peker, 1995, ”Structure of 
Neutron-Rich Nuclei and Neutron 
Multiplicities in Spontaneous Fis- 
sion,’’ Phys. Rep. 101-100. 

S.J.Zhu, M.G. Wang, Q.-H. Lu, K. 

Hamilton, J.H., A.V. Ramayya, S. J. 
Zhu, G.M. Ter-Akopian, Ts.Yu. 
Oganessian, J.D. Cole, J.O. Ras- 
mussen, and M. Stoyer, 1995, 
“New Insights from Studies of 
Spontaneous Fission with Large 
Detector Arrays,” Prog. Part. Nucl. 
PhyS. 35,635-704. 

Kliman, J., V. Polhorsky, M. 
Morhac, G.M. Ter-Akopian, Yu Ts, 
Oganessian, G.S. Popeko, A.V. 
Daniel, J.H. Hamilton, K. Butler- 
Moore, A.V. Ramayya, W.-C. Ma, 
Q. Lu, J.K. Deng, J. Kormicki, J.D. 
Cole, R. Aryaeinejad, R.C. Green- 
wood, S.S. Harrill, N.D. 
Lohstreter, I.Y. Lee, N.R. Johnson, 
and F.K. McGowan, 1994, Torre- 
lated Yields and the Emissions of 
Neutrons of Mo/Ba Fragments 
from 252Cf,“ Phys. Rev. Lett. 73, 
1477. 

Kwon, Y., for E877 Collaboration 
(BNL, GSI, INEL, McGill Universi- 
ty, Univ. of Pittsburgh, SUNY- 
Stony Brook, Univ. of Sao Paulo, 
Wayne State University, Yale Uni- 
versity), 1995, ”Realistic Simula- 
tion of E877 Spectrometer 
Through GEANT,” Bull. Am. Phys. 
Soc. 40,920. 

Lu, Q., K. Butler-Moore, S. Zhu, 
J.H. Hamilton, B.R.S. Babu,A.V. 

Ramayya, W.C. Ma, V.E. Oberack- 
er, J. Kormicki, D. Shi, J.K. Deng, 
D.B. Wang, L.K. Peker, J.D. Cole, 
R. Aryaeinejad, Y.X. Dardenne, 
M.Drigert, M.R. Johnson, I.Y. Lee, 
F.K. McGowan, G.M. Ter-Akopi- 
an, Yu Ts, Oganessian, J.O. Ras- 
mussen, M.A. Stoyer, S.Y. Chu, 
K.E. Gergorich, M. Mohar, J.M. 
Nitschke, K. Moody, R. Lougheed, 
S.G. Prussin, and S. Asztalos, 1994, 
”New Level Structures in Neutron 
Rich Nuclei from Spontaneous Fis- 
sion,” Conference on Physics From 
Large Gamma-ray Detector Arrays, 
LBL, Aug. 2-6,1994. 

Lu, Q., K. Butler-Moore, J.H. 
Hamilton, B.R.S. Babu, A.V. 
Ramayya, W.C. Ma, V.E. Oberack- 
er, J. Lormicki, D. Shi, J.K. Deng, 
S. Zhu, D.B. Wang, L.K. Peker, J.D. 
Cole, R. Aryaeinejad, Y.X. Dard- 
enne, M. Drigert, N.R. Johnson, 
I.Y. Lee, F.K. McGowan, G.M. Ter- 
Akopian, Yu. Oganessian, J.O. 
Rasmussen, M.A. Stoyer, S.Y. Chu, 
K.E. Gregorich, M. Mohar, J.M. 
Nitschke, K. Moody, R. Lougheed, 
S.G. Prussin, and S. Asztalos, 1994, 
”Identical Yrast and Gamma- 
Vibrational Bands in 1osflloRu,” 
Bull. Am. Phys. SOC. 39,1393. 

Lu, Q.-H., K. Butler-Moore, S. J. 
Zhu, J.H. Hamilton, A.V. 
Ramayya, V.E. Oberacker, W.-C. 
Ma, B.R.S. Babu, J.K. Deng, J. 
Kormicki, J.D. Cole, R. Aryaeine- 
jad, Y.X. Dardenne, M. Drigert, 
L.K. Peker, J.O. Rasmussen, M.A. 
Stoyer, S.Y. Chu, K.E. Gregorich, 
I.Y. Lee, M.F. Mohar, J.M. 
Nitschke, N.R. Johnson, F.K. 
McGowan, G.M. Ter-Akopian, Yu. 
Ts. Oganessian, and J.B. Gupta, 
”Structure of 10% 110~112Ru: Identi- 
cal Bands in 10*t ~~ORLI,” Phy. h. c. 
Miskowiec, D., for the E877 Col- 
laboration (BNL, GSI, INEL, 
McGill Univ., Univ. of Pittsburgh, 
SUNY Stony Brook, Univ. of Sao 
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Paulo, Wayne State Univ.), 1995, 
"Pion-Pion Correlations in Au+Au 
Collisions at AGS Energy," sub- 
mitted to QM95. 

Moore, E.F., W. Henning, R.V.F. 
Janssens, T.L. Khoo, I. Ahmad, D. 
Blumenthal, M.P. Carpenter, B. 
Crowell, D. Gassman, R.G. Henry, 
R. Lauritsen, C.J. Lister, S.J. 
Sanders, M.W. Drigert, and D. 
Nisius, 1994, "Search for the Two- 
phonon Octupole Vibration State 
in 2o*Pb," Conference on Physics 
from Large Gamma-ray Detector 
Arrays, LBL, Aug. 2-6,1994. 

Moore, E.F., M.P. Carpenter, Y. 
Liang, R.V.F. Janssens, I. Ahmad, 
I.G. Bearden, P.J. Daly, M.W. 
Drigert, B. Formal, U. Garg, Z.W. 
Grabowski, H.L. Harrington, R.G. 
Henry, T.L. Khoo, T. Lauritsen, 
R.H. Mayer, D. Nisius, W. 
Nazarewicz, W. Reviol, M. Sfer- 
razza, and T. Werner, 1995, "Col- 
lectivity of Dipole Bands in 196Pb," 
Pkys. Rev. C51,115. 

Murgatroyd, J.T., for the E877 Col- 
laboration (BNL, GSI, INEL, 
McGill University, U. of Pitts- 
burgh, U. of Sao Paulo, SUNY- 
Stony Brook, Wayne State Univer- 
sity), 1994, "Transverse Energy 
Production in Au + U Collision at 
AGS Energy," Bull. Am. Phys. SOC. 
39, 1418. 

Panitkin, S., for E877 Collabora- 
tion (BNL, GSI, INEL, McGill Uni- 
versity, Univ. of Pittsburgh, 
SUNY-Stony Brook, Univ. of Sao 
Paulo, Wayne State University, 
Yale University), 1995, "Two-Pho- 
ton Correlations in 10.8 &GeV/c 
Au + Au Central Collisions," Bull. 
Am. Pkys. SOC. 40,935. 

Soramel, F., T.L. Khoo, Ph. Benet, 
K.B. Beard, R.V.F. Janssens, I. 
Ahmad, I. Bearden, M.P. Carpen- 
ter, P.J. Daly, M.W. Drigert, B. For- 
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McGill University, University of 
Pittsburgh, SUNY Stony Brook, 
University of Sau Paulo, Wayne 
State University), 1995, "dNch/dh 
Distributions in Au+Al, Cu, Au, 
and U Collisions," submitted to 
QM95. 

Wessels, J., for E877 Collaboration 
(BNL, GSI, INEL, McGill Universi- 
ty, Univ. of Pittsburgh, SUNY- 
Stony Brook, Univ. of Sa0 Paulo, 
Wayne State University, Yale Uni- 
versity), 1995, "Quantitative 
Analysis of Flow Observed in 
Au+Au Collisions at the AGS," 
Bull. Am. Pkys. SOC. 40,936. 

Zhang, Yingchao and Johannes P. 
Wessels for the E877 Collaboration 
(BNL, GSI, INEL, McGill Univ., 
Univ. of Pittsburgh, SUNY Stony 
Brook, Univ. of Sao Paulo, Wayne 
State Univ.), 1995, "Energy Flow 
and Particle Spectra with Respect 
to the Reaction Plane for Au on 
Au Collisions at AGS Energies," 
submitted to QM95. 

Zhu, S.J., J.H. Hamilton, A.V. 
Ramayya, B.R.S. Babu, Q. Lu, W.- 
C. Ma, T.N. Ginter, M.G. Wang, 
J. Kormicki, J.K. Deng, D. Shi, J.D. 
Cole, R. Aryaeinejad, J.O. Ras- 
mussen, M.A. Stoyer, S.Y. Chu, 
K.E. Gregorich, M.F. Mohar, S.G. 
Prussin, Ter-Akopian, and Y.T. 
Oganessian, N.R. Johnson, I.Y. 
Lee, and F.K. McGowan, 1995, 
"Identification of Levels in 16oSm 
and High Spin States in 156~~~8Sm 
Nuclei," J. Pkys. G: Nucl. Part. 
Pkys. 21 L57. 

Zhu, S.J., M.G. Wang, Q. Lu, J.H. 
Hamilton, A.V. Ramayya, W.-C. 
Ma, J. Kormicki, B.R.S. Babu, D. 
Shi, J.K. Deng, I.K. Peker, J.O. Ras- 
mussen, M.A. Stoyer, S.Y. Chu, 
K.E. Gregorich, M.F. Mohar, S. 
Asztalos, S.G. Prussin, J.D. Cole, 
R. Aryaeinejad, Y.X. Dardenne, M. 
Drigert, K.J. Moody, R.W. 

nal, U. Garg, Z. Grabowski, T. 
Lauritsen, Y.Liang, R. Mayer, E.F. 
Moore, W. Reviol, and D. Ye, 1995, 
"Search for Entrance-Channel 
Dependence in the Population of 
SD Bands of 191Hg," Phys. Lett. 
B350,173. 

Stoyer, M.A., J.O. Rasmussen, F. 
Chu, K.E. Gregorich, I.Y. Lee, M.F. 
Mohar, J.M. Nitschke, K. Moody, 
R. Lougheed, S.G. Prussin, S. Asz- 
talos, R. Aryaeinejad, J.D. Cole, 
Y.X. Dardenne, M.W. Drigert, J.H. 
Hamilton, Q.H. Lu, W.C. Ma, and 
A.V. Ramayya, 1994, "Gammas- 
phere Study of 2aPu Spontaneous 
Fission Gamma Rays," Conference 
on Physicsfrom Large Gamma-ray 
Detector Arrays, LBL, Aug. 2-6, 
1994. 

Ter-Akopian, G.M., J.H. Hamilton, 
Yu Ts, Oganessian, J. Kormicki, 
G.S. Popeko, A.V. Daniel, A.V. 
Ramayya, Q. Lu, K. Butler-Moore, 
W.-C. Ma, J.K. Deng, J. Kliman,V. 
Polhorsky, M. Morhac, W. Grein- 
er, A. Snadelescu, J.D. Cole, R. 
Aryaeinejad, N.R. Johnson, I.Y. 
Lee, and F.K. McGowan, 1994, 
"Neutron Multiplicities and Yields 
of Correlated Zr-Ce and Mo-Ba 
Fragment Pairs in Spontaneous 
Fission of 252Cf," Pkys. Rev. Lett. 
73, 1477. 

Ter-Akopian, G.M., J.H. Hamilton, 
Yu Oganessian, J. Kormicki, G.S. 
Popeko, A.W. Daniel, K. Butler- 
Moore, A.V. Ramayya, W.C. Ma, 
Q. Lu, J.K. Deng, J. Kliman, V. Pol- 
horsky, M. Morhac, J.D. Cole, R. 
Aryaeinejad, N.R. Johnson, I.Y. 
Lee, and F.K. McGowan, 1994, 
"Yields and Neutron Multiplicities 
of Correlated Pairs in Spontaneous 
Fission of w2Cf," Conference on 
Physics from Large Gamma-ray 
Detector Arrays, LBL, Aug. 2-6,1994. 

Voloshin, Sergei A., for E877 Col- 
laborations (BNL,, GSI, INEL, 

__ 
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Lougheed, J.F. Wild, N.R. Johnson, 
I.Y. Lee, F.K. McGowan, G. Ter- 
Akopian, and Y.T. Oganessian, 
”Octupole Deformation in 
l42,l43Ba and New Band Structure 
in Neutron-Rich Ba-Isotopes,” 
Phys. Lett. B (accepted for publi- 
cation). 

Zhu, S.J., J.H. Hamilton, Q.H. Lu, 
A.V. Ramayya,M.G. Wang,B.R.S. 
Babu, T.N. Ginter, W.-C. Ma, J.K. 
Deng, D. Shi, J. Kormicki, J.D. 
Cole, R. Aryaeinejad, N.R. John- 
son, I.Y. Lee, F.K. McGowan, Ter- 
Akopian, Y .T. Oganessian, J.O. 
Rasmussen, M.A. Stoyer, S.Y. Chu, 
K.E. Gregorich, M.F. Mohar, and 
S.G. Prussin, ”Identification of 
152Ce and Unexpected Variations 
in Moments of Inertia With Neu- 
tron Number and Spin in 142- 

Phys. G: NucI. Part. Phys. (accepted 
for publication). 

14Sga, 144-152ce, and 146-156~#, J- 

Zhu, S.J., M.G. Wang, Q. Lu, J.H. 
Hamilton, A.V. Ramayya, W.-C. 
Ma, J. Kormicki, B.R.S. Babu, T.N. 
Ginter, D. Shi, J.K. Deng, I.K. 
Peker, J.O. Rasmussen, M.A. Stoy- 
er, S.Y. Chu, K.E Gregorich, M.F. 
Mohar, S.G. Prussin, J.D. Cole, R. 
Aryaeinejad, N.R. Johnson, I.Y. 
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A/O ratios 
ACETS 

ACIP 
ACM 
AEC 
AFB 
AGS 
AIM 
AIPM 
ALC 
AMD 
ANL 
APC 
APT 
AQRVs 
ARPA 
ARPF 
ATR 
ATRC 
AWU 
BASS 
BIRL 
BNCT 
BNFL 
BPA 
BPLU 
BWR 
CAA 
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CFD 
C f m  

CGCC 
CGSV 
CHA 
CLB 
CLP 
CLPP 
CN- 
CNO- 

Cr 
CRADA 

corps 

Csm 
CTAPS 

CVD 
CVISN 

D.I. 
D&D 
DAP 
DEC 

aqueous to organic phase ratios 
Advanced Combined Environments Test 
Station 
Advanced Computer Interface Products 
asbestos-containing 
Atomic Engineering Corporation 
Air Force Base 
Alternating Gradient Synchrotron 
Air Induction Melting 
Authenticated In-Plant Monitoring 
Air-Line Coax 
acid mine drainage 
Argonne National Laboratory 
air pollution control 
accelerator-based tritium production 
Air Quality Related Values 
Advanced Research Projects Agency 
actinide-reduced plutonium fuel 
Advanced Test Reactor 
ATR critical reactor 
Associated Western Universities 
Benthic Algal Substrate Sampler 
Basic Industry Research Laboratory 
Boron Neutron Capture Therapy 
British Nuclear Fuel plt 
Bonneville Power Administration 
Border Profiled Lower-Upper 
Boiling Water Reactor 
Clean Air Act 
carbon tetrachloride 
computational fluid dynamics 
cubic feet per minute 
coal gasification combined cycle 
compressed gas safety valve 
Cyclohexyl-amine 
community-level bioassay 
Contract Laboratory Procedures 
community-level physiological profiles 
cyanide 
cyanate 
U.S. Army Corps of Engineers 
C h r O m i U m  
Cooperative Research and Development 
Agreement 
continuous stirred tank reactors 
Contingency Theater Air Control System 
Automated Planning System 
chemical vapor deposition 
Commercial Vehicle Information Systems 
Network 
de-ionized 
decontamination and decommissioning 
Data Access Products 
Digital Equipment Corporation 

DEG 
DEM 
DGGE 
DLLs 
DOE 
DOE-ER 

e-beam 
EBSL 
ED1 
ED0 
EDOF 
EDXRF 
EDXS 
EFGM 
EOPM 
EPA 
ERG 
ETS 
FADOF 
FAQs 
FEM 
FET 
FMA 
FMPS 
ETIR 
GB 
GC 
GCMS 
GFCR 
GNAT 
GPB 
GPS 
GRIS 
GRNN 
GUIDE 

GUI 
HDPE 
HE 
He* 
HTML 
W A C  
IAQ 
ICP-AES 

ICPP 
IDC 
IET 
IGC-AS 

IMPA 
IMTRP 

diethylene glycol monomethyl ether 
diffuse element methods 
denaturing gradient gel electrophoresis 
Dynamic Link Libraries 
Department of Energy 
Office of Advanced Energy Programs, Basic 
Energy Sciences 
electron beam 
ecologically-based screening level 
electronic data interchange 
Engineering Design Optimization 
Electronically Dithered Optical Filter 
energy dispersive x-ray fluorescence 
energy dispersive x-ray spectroscopy 
element-free Galerkin method 
electro-optical phase modulator 
Environmental Protection Agency 
Materials and Aerospace Corporation 
Experimental Thermal Science 
Faraday Anomalous Dispersion Optical Filter 
Frequently Asked Questions 
finite element numerical 
field effect transistor 
Fragment Mass Analyzer 
field matric potential sensor 
Fourier Transform Infrared 
grain boundary 
gas chromatography 
gas chromatography with mass spectrometry 
gas filter correlation radiometry 
Gamma Neutron Assay Technique 
gas phase bioreactors 
Global Positioning System 
gamma-ray imaging system 
neural network algorithms 
Graphical User Interface Development 
Environment 
Graphical User Interface 
high density polyethlene 
high explosives 
helium atoms 
Hyper Text Markup Language 
heating, ventilation, and air conditioning 
indoor air quality 
Inductively Coupled Plasma - Atomic 
Emission Spectroscopy 
Idaho Chemical Processing Plant 
intelligent distributed control 
Initial Engine Test 
Intermagnetics General Corporation 
Advanced Superconductor 
isopropylmethylphosphonic acid 
Inorganic Membrane Technology Research 
Program 
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ISOL 
EU 
ITD 
ITER 

ITS 
KAP 
LANL 
LBL 
LBLOCA 
LDPE 
LDRD 
LHGR 
LIBS 
LIPD 
LMAS 

LMIT 
LMMS 
LMRDD 

LNG 
LTRI 
LTIU-CM 

LWR 
MCCS 

MDFE 
MDI 
MG 
MHD 
MIMS 
MIR 
MLI 
MMC 
MOX 
MSC 
MWLS 
NABOR 
NCT 
NCTPC 

Nd:YAG 

NDE 
NDS 
NFS 

NO 
NIJ 

INEL Idaho National Engineering Laboratory 
IPP In-flight Particle Pyrometer 
IPST 
IPT Integrated Product Team 
IS-Antibodies Individual-Specific Antibodies 

isotope separator system 
Idaho State University 
Idaho Transportation Department 
International Thermonuclear Experimental 
Reactor 
Intelligent Transportation Systems 
Kuck and Associates pre-processor 
Los Alamos National Laboratory 
Lawrence Berkeley Laboratory 
large break loss-of-coolant accident 
low density polyethylene 
laboratory directed research and development 
Linear Heat Generation Rate 
Laser Induced Breakdown Spectroscopy 
Liquid Injection Plasma Deposition 
Lockheed Martin Aeronautical Systems 
Company 
Lockheed Martin Idaho Technologies 
Lockheed Martin Missiles and Space 
Lockheed Martin Research and Development 
Division 
Liquefied Natural Gas 
long term research initiative 
Long Term Research Initiative in Computa- 
tional Mechanics 
light water reactor 
Multi-spectral Chemical Characterization 

multi-directional finite difference 
diphenylmethane diisocynate 
mixed gas 
magnitohydrodynamics 
Modular Integrated Monitoring System 
Matched-Index-of-Refraction 
Multi-Layer Insulation 
Metal matrix composites 
mixed oxide 
Manufacturing Sciences COT. 
moving weighted least squares 
‘neighbor’ node method 
neutron capture therapy 
National Center for Tooling and Precision 
Components 
neodymium-doped yttrium aluminum gar- 
net 
nondestructive evaluation 

Institute of Paper Science and Technology 

system 

Network File Service 
National Institute of Justice 
nitric oxide 

ODBMS 
ODBMS 
OPC 
ORNL 
OT 
PAF 
PAWS 
PCA 
PCB 
PCC 
PCE 
PC 
FDA 
PDT 
PFBC 
PGNAA 
PGNAA 
PID 
PIGUI 
PLFA 
PMAA 
PML 
PMT 
PNGV 
PP 
PPAS 
PRC 
PRI 
Ps 
PSD 
PTI 
PTO 
PTU 
PUFs 

PVC 
PWR 

h 0 2  

QCM 
QP 
RAL 
RCRA 
RDD 
RF 
RKH 
RKPM 
ROD 
Rscs 
RSLDV 
RSM 
RSM 
RsP 
RWMC 
sc 
SCADA 
SCF 

Appendix F-Acronyms 

object database 
object-oriented database 
ordinary Portland concrete 
Oak Ridge National Laboratory 
object technology 
particle and force 
Programmable Automated Welding Systems 
principle components analysis 
pol ychlorobiphenyl 
Portland cement concrete 
perchloroethylene 
personal computer 
Personal Data Assistant 
Photodynamic therapy 
pressurized fluidized bed combustors 
prompt gamma neutron activation analysis 
prompt gamma-ray neutron activation analysis 
proportional-integral-& fferential 
Platform Independent GUI 
phospholipid fatty acid 
polymethacrylic acid 
Perfectly Matched Layer 
photomultiplier tube 
Partnership for a New Generation of Vehicles 
polypropylene 
Portable Photon Analysis Spectrometer 
Photorefractive crystals 
Positron Resources Inc. 
Polystyrene 
Prevention of Significant Deterioration 
Process Technologies, Inc. 
Patents and Trademark Office 
pan and tilt unit 

plutonia 
polyvinyl chloride 
Pressurized Water Reactor 
quartz crystal microbalance 
quasi-particle 
Remote Analytical Laboratory 
Resource Conservation and Recovery Act 
Research and Development Center 
Radio Frequency 
reproducing kernel Hilbert 
reproducing kernel particle methods 
Record of Decision 
remote subsurface characterization system 
Rapidly-Scanning Laser Doppler Velocimeter 
radioactively-contaminated scrap metal 
Radioactive Scrap Metal 
rapidly solidified processing 
Radioactive Waste Management Complex 
sulfur concrete 
supervisory control and data acquisition 
supercritical fluid 
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Scientific Ecology Group 
Secondary Electron Microscope 
Society of Environmental Toxicology and 
Chemistry 
sulfur hexafluoride 
self propagating combustion synthesis 
secondary ion mass spectrometry 
screening-level ecological risk assessments 
Spatial Light Modulator 
Sandia National Laboratory 
solid oxide fuel cells 
sulfur polymer cement 
smoothed particle hydrodynamics 
Solid phase microextraction 
superconducting quantum interference 
device 
sulfate-reducing bacteria 
Site-Specific Technologies for Agnculture 
soil vapor extraction 
semivolatile organic compounds 
total absorption gamma-ray spectrometer 
Test Area North-Specific Manufacturing 
Capability 
Tri-n-butyl phosphate 
trichloroethene 
Target Compound List 
Toxicity Characteristic Leaching Procedure 
titanium dioxide 
trinitrotoluene 

TRU 
TRVs 
UM 

Uofu 
URC 
US AMP 
usu 
UT 
uv 
VIM 
VOC 
VSC 
VSM 
W E  
W 
WERC 
WEST 
WGPu 
WIM 
WMD 
WRRTF 
wsu 
www 
XRD 

u o 2  

F-5 
~~ 

transuranic 
toxicity reference values 
University of Minnesota 
urania 
University of Utah 
University Research Consortium 
U.S. Automotive Materials Partnership 
Utah State University 
ultrasonic 
ultraviolet 
Vacuum Induction Melting 
volatile organic compound 
vibrating sample magnetometer 
vibrating sample magnetometer 
vapor vacuum extraction 
width 
Waste Management Education and Research 
Western Energy Supply and Transmission 
weapons-grade plutonium 
Weigh-In-Motion 
weapons of mass destruction 
Water Reactor Research Test Facility 
Washington State University 
World-Wide Web 
X-ray Diffraction 
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