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1. 
to objectives described in your work plan, and attach copies of reports or papers 
produced. 

Briefly summarize research activities during the awardperiod relating progress 

The research objectives are organized under four (4) general tasks: field testing 
and produced water treatment, bioremediation of contaminated groundwater and soils, 
vadose zone remediation, and chromium remediation. Research included activities in all 
areas, as summarized below: 

On Friday, June 9, fourteen (1 4) Consortium researchers met at the Pantex Plant with 
personnel from DOE, Battelle Pantex, and Mason-Hanger to discuss research plans 
for environmental restoration (ER). Plans for coordination of Consortium research 
efforts with Pantex Plant activities were developed, and the information was 
incorporated in the detailed Work Plans. 

The Work Plan for ‘Environmental Restoration at the Pantex Plant’ was submitted on 
June 19,1995. A copy is attached. 
A Work Plan for a multi-well pump test near Building 16-1 was submitted to DOE on 
January 4, 1995. Such a test provides information on hydraulic characteristics of the 
perched aquifer which is important for calibration of a mathematical model which 
will subsequently be used for design and analysis of a groundwater remediation 
system. On May 23 and 24, the test was performed, though the duration of the test 
was curtailed due to agreement with TNRCC on disposal of produced water. The 
results from this test are being analyzed and preliminary results have been verbally 
reported to DOE. A detailed report with data and analyses will be developed and 
submitted in the near future. 

Soil samples from drilling activities and purged water samples were received and 
distributed to Consortium researchers. These samples are being used in laboratory 
studies to evaluate treatment options for purged water containing high explosives, 
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identify microbial populations and their activity towards bioremediation of high 
explosives, and perform sorption studies for chromium and high explosives on soil 
material from the Plant. In addition, the core soils have been repacked and are being 
used to investigate air permeability as a function of water content, which will be 
important for design of soil vapor extraction and bioventing systems. 

2. Describe the most tangible accomplishments related to your research finding. 

The most tangible accomplishments to date have been the performance of the 
pump test on May 23-24, with the oral presentation of preliminary results at the meeting 
with DOE and contractors on June 9. This represents the first tangible accomplishment 
on the part of Consortium researchers for which Pantex Plant receives direct benefit 
towards their environmental restoration activities. Even though this test was not a 
complete success due to its shortened duration, it does show that the Consortium can 
provide excellent support in the field, and none of the difficulties were directly the result 
of Consortium planning efforts. 

During the present quarter, a number of additional field tests are planned, 
providing continued visibility for the Consortium at the Plant. 

3. 
National Resource Center for Plutonium Competitive Grants Program? 

What is the one most important recommendation you have regarding the Amarillo 

To the best of the PI’S knowledge, the way the Competitive Grants Program has 
worked is that a general call for directed research has been issued, and appropriate 
research proposals have been identified for funding by the Board and outside reviewers. 
As a representative of the environmental restoration program, I have received a number 
of inquiries with regard to funding of specific research topics. Unfortunately, none have 
had any direct relevance to ongoing site characterization investigations and planning for 
an environmental restoration program at the Plant. The PI believes that the most 
important objective of this part of the Consortium’s activities is to provide direct support 
to ongoing environmental restoration efforts at the Pantex Plant. DOE has a number of 
other significant efforts to support general environmental research which may be 
applicable to any or all sites. 

make with regard to the Competitive Grants Program, as it applies to environmental 
restoration, is to control and limit its scope. We have spent nearly one year learning the 
conditions and activities at the Plant, and these literally change on a weekly basis due to 
new information from ongoing site contamination investigations. The Consortium’s 
research program needs to be internally coordinated since the many efforts must support 
each other. In addition, these efforts must be coordinated with Plant planning and 
activities to provide support rather than duplication. New research proposals are very 
welcome, though they need to be directly supportive of Pantex Plant remediation efforts. 

With this recognition in mind, the most important recommendation that the PI can 
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Progress Report: Amarillo Nafionat Resource for Plutonium 
Explosives Disposal Demonstration Projects 

C. Grant Willson Department of Chemic01 Engineering 
The Universiry of Texas 
Austin, Texas 78712 

Part 1 : Diamond Generation by Explosive C7ornpression of ~ u c k m ~ m ? e ~ - ~ ~ e r e w  

The goal of this project part is to demonstrate generation of diamond by explosive 
compression of C ~ O ,  C70 and mixtures of these fullerenes. Extensive expertise has been 
developed by Pantex and other DOE Laboratories in the area o f  understanding and 
modeling of explosive compression for initiation of nuclear fission (and fusion) reactions. 
Carefully controlled and timed detonation of  charges shaped like spherical shells causes 
enormous compression and temperature pulses in the interior of such shapes. Our 
intention is to exploit this expertise and the technology that has been developed for 
fabrication and testing of such devices to explosively compress carbon in the form of 
fullerenes with the goal of transforming the .material into the diamond phase. The facile 
transformation of this form of carbon into diamond has been demonstrated at room 
temperature and the kinetics of this transformation are reported to be very fast compared 
to that of the graphite io diamond transition. The room temperature transformation is of 
important scientific consequence but is not amenable to production of diamond in 
commercially significant quantities at a reasonable price. We beIieve that the shock 
compression technique has far greater potentid in that regard. 

We have s u c c ~ s s ~ l l y  negotiated a subcontract with Texas Technical University in 
Lubbock, Texas and thereby engaged two collaborators, Prof. Javud Hashimi and Prof. 
Darryl James, both of whom are in the Department of‘ Mechanical Engineering. 
Professors Hashimi and James are experts in heat transfer and hydrodynamic calculation 
and simulation. Working with Professors James and Hashimi and with Dr. Faubian and 
Dr. Tony Woltermann and co-workers at Pantex, an experimental protocol has been 
established for first feasibility testing which will occur ncxt quarter at Pantex. There are 
many complex issues of design that must be carefully considered in this regard. ne 
magnitude and duration of the pressure wave can be varied by changes in the design of 
the work piece. Furthermore, the work p i e e  must be designed to insure that the 
decompression wave imparts kinetic energy into material other than the sample. That is, 
the sample must rcmain intact after compression and decompression. ‘Ihis is to be 
accomplished by carefully arranging concentric spheres of materials with appropriately 
chosen compressibility such that the outer most layers are sacrificed in a “spallation” 
event. 

The design of the test piece and knowledge of the magnitude and duration of the 
pressure and temperature pulse delivered to the sample can only be determined by 
modeling. The hydrodynamic calculations associated with this process are complex but 
highly developed, We have arranged to acquire the CTH family o f  codes for this analysis 
from DOE through agreement with Sandia National Laboratory. The code is export 
restricted and demanding of computing power. To that end, Professors James and 
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Hashimi are, at this time, at Sandia Iearning to operate this sophisticated software and 
bcing instructed in security matters related to it. We havc purchased a new workstation 
(37MFLOPS) with the 9Gbit of DASD required to run these programs. We expcct to 
have the code fully implemented at ?TU by September. 

Preliminary calculations using code developed and adapted by the TTU team ha., 
provided initial design parameters. Copies of printouts from one such simulation are 
provided as an attachment. In the example provided, initiation is from only two points at 
the poles of the device. It can be seen from the time evolution of the compression ofthe 
device that the air gap betwcen the sample and the metal cladding offers a means for 
momentum transfer and that the shock wave has reasonable symmew even for only two 
initiation points. The current design o f  the device involves at lcast two layers of metal of 
differing compressibility and 14 initiation sites. We plan to detonate the first such test 
device at Pantex during the next quarter. The test device will be used to compress 
graphite and to test the simulation which predicts that the sample can be recovered intact. 

C ~ O  is very expensive on thc open niarket. Aldrich Chemical Company markets it 
at $156.25 per 25mg. Since we are designing to compress 1 gram samples, purchase 
from such a source i s  prohibitively expensive. Fortunately. we have learned that Hcrechst 
A.G. in Frankfurt, Gcrmany has developed a scalcd process fox production of c60 and ha., 
demonstrated production at the kilogram scale. We have arranged a collaboration with 
Hoechst A.G. through which they are supplying the fulIerenes and will participate in the 
design of the experiments. Hoechst projects a very greatly reduced cost for the materia1 if 
purchased in volume. We have received the first 10 gram sample of c60 from Hoechst at 
no cost. 

Precise design requires input of the equation of state for all of the materials 
through which the shock wave is propagated. The equation of state for c60 is not known 
in the pressure and temperature regime that wilI be achieved in these experiments. 
Furthermore, the material undergoes phase transitions and hence, non-linearity in 
response. We are currently estimating these coefficients for the equation of state from 
extrapolation of existing data on carbon allotropes. We are also exploring various 
avenues to direct mcasurement of the coefficients. This i s  a complex and costly 
undertaking requiring highly specialized equipment. It is our intention to find a 
colIaborator to participate in establishment of this data. 

During the next reporting period we will install the CTH codes, use these 
codes to verify design point estimates thiit were made with our curreat codes, and 
fabricate and detonate the first test device. The purpose of the frtst test is simply to 
demonstrate sample recovery. Aspects of the design work are based on extrapolated 
equations of state as described above. These tests will provide immediate feedback with 
respect lo the accuracy of thcsa extrrrpolations. 

Part 2; Demonstration Burn for Energy Recovery 

The high explosive parts recovered during disassembly of nuclcar weapons a e  
currently disposed of by Pantex by open pit burning. This process can be conducted 
safely and under permit but it is the goal of this part of the program to find a way to 
convert this high cnergy material into a resource. The speciiic goal of this part of our 
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program is to demonstrate a nieans for recovering the energy from these materials in a 
technically sound and environmentally sensitive way. To that end, WG propose to 
establish a means of combusting the material safely to generate heat that can be converted 
to electrical energy or for other USES. 

The explosive will be reduced to small particles and declassified by a hydro- 
machining process at Pantex. This process safely reduces the explosive into a granular 
form the mesh size of which can be controlled to insure that no single particle exceeds the 
“critical volume”, that required for detonation. This machined explosive is then to be 
compounded with recycled plastic waste to create a FueI that cm be added to the feed 
stream of a heat or power generating facility. 

We have tried diligently to establish a subcontract with the Naval Air Warfare 
Center Weapons Division at China Lake California for the purpose of assisting us in 
establishment of the specifications for the compounding of the fuel, measuring the 
thermodynamics of the combustion of this fuel and quantification the composition of the 
combustion products. This laboratory is pitflicularly well equipped for this undertaking 
and has extensive experience in the field. ‘I’his subcontract requires transfer of finds 
from DOE to thc State of Texas, from the State to the ANRCP, fiom ANRCP to the 
University of Texas and fiom the University of Texas to DOD. To date, we have not 
found a workable means to accomplish this transfer. The current state of affairs in this 
negotiation is that the Statc of Texas has reluctantly agreed to comply with the DOD 
requirement of prepayment for services by special dispensation through the Office of the 
Governor of The State of Texas. However, thc University of Texas is unwilling to accept 
the indemnity clause demanded by Don. According to attorneys at UT, this indemnity 

. clause essentidly makes the University of Texas liable for any damage or injury sustained 
by government employees or government property regardless of negligence on the part of 
the government!? We are now trying to negotiate for direct transfer of the money from 
DOE to DOD. 

While trying to get the actual technical work started, we have held talks with 
Officials at the South West Power Services Co, in Amarillo. In these talks we learned 
that their one of their coal fired power piants is licensed to burn “alternative fuels”. They 
expressed interest in cooperating and assisting with this demonstration. Unlbrtunately, 
their feed system includes pre-heating of the coal dust prior to introduction into the 
combustion chamber. The fuel temperature in the system exceeds the glass transition 
temperature of the recycled plastic binder and the decomposition temperature of some of 
the explosives. A large capild expense would be required in order to do the 
demonstration at SPS. Essentially, another ked system would have to be constructed. 
The combustion chamber i s  configured to take another feed point but the cost of the feed 
system is estimated to be in excess of $SOO,OOO.OO. It is attractive to consider such a feed 
system particularly if i t  could be designed to feed, in addition to our fuel, waste carbon 
black and bovine waste both of which are plentiful in the Amarillo area. We Will 
continue to cxplore these options with SPS. SPS personnel including the Vice President 
of the Company have been cooperative and enthusiastic about the proposed project- 

Because of the apparent incompatibility of our fuel with the ament feed stream at 
the SPS plant, we have explored other options, The most attractivc of these is to conduct 
the burn in a plant designed for combustion of pelletized fuel derived from refuse. Such a 
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system exists in North Texas wherein the heat is used for rnanut'acturing of Portland 
Cement. Other plants exist in neighboring states that use p d e t i z d  refuse fuel 
supplements in power generation. We have initiated contact with these facilities and will 
study them with respect to compatibility with our fuel during the next quarter. 

WTE Corporation in 
Bedford, Massachusetts, is a plastics recycling fm that has developed a method for 
separation of plastics from the recycle stream. There is a significant fraction of the 
thermoplastic materials in this stream for which there is no market, This fraction i s  
currently isolated and disposed of rather than recycled. We have access to large 
quantities of this material $or the price of shipping. Samples of the material have been 
received and analyzed at UT Austin. They appear to be ideally suited as binders for the 
formulation of the fuel. Subsequent binder tests depend upon successful negotiation of a 
contract with the China Lake Weapons center- 

We have established a source of binder for the fuel. 
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Figures 

The attached figures are examples of design point studies cm'ed out using code from 
Texas Tech University. The calwlations were run by Professors James and Hashimi. 
The quality and accuracy of these calculations will be greatly incrcased upon installation 
of the CTH code. This particular desi&% test is near the achlal gcometry that will be used 
in the first experiments. It includes a core of C ~ O  (1 CC), an air gap, a shell of copper and a 
shell of explosive (PBX-501). This calcularion was done using only a two point ignition 
from the poles. The final design Will include at least two concentric metal shells and up 
to 14 points of idtion. 

Figures 1 through 6 show the calculated time evolution of the physical deformations from 
ignition through maximum compression for a test design. 

Figures 7 through 12 show, the time evolution of the hydrostatic pressure generated as a 
result of the explosion for the design abovc. It is possible through such processes to 
generate pressures in the neighborhood of 10's of gigaPascals. The process easily puts 
the material in the core far into the diamond region of the carbon phase diagram, 
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