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INTRODUCTION 

The Argonne National Laboratory - East (ANL- 
E) Health Physics Section provides direct and/or 
oversight support to various D&D projects at 
ANL-E. The health physics problems encountered 
have been challenging, primarily because they 
involved the potential for high internal exposures 
as well as actual high external exposures. The 
lessons learned are applicable to other 
radiological facilities. A number of D&D projects 
being conducted concurrentIy at ANL-E are 
described. The prcblems encountered are then 
categorized, and lessons learned and 
recommendations are provided. The main focus 
will be limited to the support and technical 
assistance provided by personnel from the ANL 
Health Physics Section during the course of the 
work activities. 

DESCRIPTION OF D&D PROJECTS 

Experimental Boiling Water Reactor 

The Experimental Boiling Water Reactor 
(EBWR) initially produced 20 M W  thermal and 5 
MW electrical. It was later modified, upgraded, 
and operated at up to 100 MW thermal. 
Research on boiling water reactor design and 
technology was conducted from 1956 to 1967. 
The &el was removed shortly thereafter and the 
residual radioactivity allowed to decay. D&D 
activities began in 1986. The reactor vessel has 
been removed and the reactor internals cut up. 
The residual radioactivity inside the containment 
shell has been reduced to a low level by removal 

radioactive waste have been generated and 
shipped to Hanford for storage and disposal, 
respectively. 

An early ANL characterization found 6oCo and 
13’Cs, as expected, but did not identify any alpha- 
emitting radionuclides. 

CP-5 Research Reactor 

The Chicago Pile - 5 Research Reactor (CP-5 
Reactor) was a 5-MWt heavy water moderated 
and cooled reactor designed as a source of 
neutrons for scientific research. The reactor 
began operation in 1954 and operated for 25 
years until it was shutdown in 1979. During its 
operations, over 27,000 samples were irradiated, 
and over 200 experiments were run in its beam 
facilities. 

In 1980 the fuel and all of the heavy water that 
could be drained was removed from the reactor 
and shipped for reprocessing. D&D began in 
1990 and all of the reactor systems, including 
those contaminated with tritium, have now been 
removed. The removal of the reactor internals 
and structure has begun this year. 

Building 200 Hot Celis 

Five hot cells in Building 200 were cleaned up, 
four of which were previously used in the proof- 
of-breeding experiments for production of 233U 
from 232Th. Two of the cells were known to 
contain high levels of residual contamination 
because of the large amount of thoron (220Rn in 
the 232Th decay chain) that was being emitted. 
Some knowledge of the condition was also 
available because of the preliminary cleanup that 
was performed in 1987, after the project ended. 
D&D work started with the least contaminated 
cell and has continued to the completion of the 
cleanup of the most highly contaminated cell with 
levels in excess of O.lMBq/lOO cm’. This project 
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was done by ANL-E personnel from six divisions. 

Plutonium Glovebox Facility 

Approximately 60 gloveboxes which were used to 
process high levels of u9, ""Pu have been 
decontaminated sufficiently and reduced in size 
for packaging and disposal as radioactive waste. 
Residual contamination levels within each 
glovebox before decontamination were 
>O. lMBq/lOO cm2. The decommissioning 
project includes the eventual "free-release" of 
seven laboratories within the facility and adjoining 
corridors. Over the past two decades, basic 
research was conducted on various types of 
transuranic materials. A characterization of the 
contaminants inside the gloveboxes revealed the 
following radionuclides: IJ1 Am; 243Am; 238Pu; 

and some I3'Cs. 
2 3 9 ~ ~ ;  2 4 0 ~ ~ ;  2 4 1 ~ ~ ;  2 3 7 ~ ~ ;  243cm,  233pa; 2 3 5 ~ ;  

Past Neutron Generatw 

The Fast Neutron Generator was an zccelerator 
which utilized the (d, t) reaction to generate 14 
MeV neutrons for research. It operated from 
1970 to 1991. D&D efforts began the following 
year and were completed in 1995. 

Radioactive Waste Storage Area 

The Radioactive Waste Storage Area contained 
vertical underground storage tubes and 
underground vaults; many of the latter are still in 
use. In addition, low level radioactive waste is 
stored above ground within this area. The 
storage tubes have been removed and sent to 
Hanford for disposal. D&D is in progress on 
three of the vaults. One has been decontaminated 
in place, backfilled with gravel, and covered with 
a clay cap and limestone. The concrete in the 
other two has higher levels of contamination. 
Long-lived fission products, such as 9 r  and 
137Cs, and alpha-particle emitters fi-om &el, such 
as 2393 2?u and 241Am, have been identified. The 

most highly contaminated concrete will be 
disposed of as radioactive waste. The remaining 
concrete will be either disposed of as radioactive 
waste or decontaminated to appropriate levels for 
unrestricted or restricted release. Determination 
of the release criteria will be risk-based and will 
utiliie RESRAD, a computer code developed at 
ANL. 

PROBLEMS AND SOLUTIONS 

Planning and Characterization 

Recently a special D&D organization has been 
formed within the Laboratory to manage large 
D&D projects, e. g., EBWR and CP-5. The 
management approach has been to staff the 
projects with a base work force of ANL personnel 
and then to supplement that base with contractor 
workers. Usually the decision is made to 
supplement when the level of e!%ort is more than 
can be accommodated with the existing staff of 
the Laboratory. For those cases where the work 
has involved a number of different ANL divisions, 
the teamwork demonstrated by the divisions has 
been very good. 

Definition (and execution) of assigned D&D team 
members' roles must be clearly stated and h l ly  
implemented to avoid communication problems. 
For example, at EBWR the project management 
separated work activities as follows: the 
contractor was to control all activities within the 
containment shell and ANL Health Physics was to 
check all materials removed from the shell to be 
sure they met the unrestricted release criteria or 
were properly labeled. ANL Health Physics was 
also given responsibility for oversight of 
contractor health physics work, but had difficulty 
knowing what activities were in progress within 
the shelf. 

Documentation of knowledge and problems 
during operations becomes more important as the 
Laboratory gets older (ANL will be celebrating 



its 50th anniversary this year). Employees 
knowledgeable of past history retire. If their 
knowledge is not documented, it is no longer 
corporate knowledge, and it will not be available 
to the D&D team. At EBWR when alpha partide 
dose was reported for routine bioassay samples 
from contractor workers, the dose was 
unanticipated. Now it is believed that the source 
was a thin plutonium foil which could not be 
retrieved following a reactor test in the late 
1960’s. The loss was not properly documented in 
a D&D file for EBWR. Subsequently multiple 
captures of neutrons in the plutonium followed by 
beta decay produced a significant quantity of 
241Am. The highest internal committed effective 
dose assigned to a worker was 300 mrem from 
intake of 241Ams Initial projections based on a 
chronic intake were higher. 

Project management stopped all D&D work and 
conducted an extensive review following the 
’“Am uptake The internal ALARA (as low as 
reasonably achievable) goal at ANI, is 1 mSv 
(100 mrem) per year. This was exceeded and as 
a result the Laboratory ALARA Committee also 
conducted a followup and reviewed the lessons 
learned. The involvement of ANL-E Health 
Physics in the activities within the containment 
shell was increased. 

The Fast Neutron Generator was 
decontaminated and decommissioned at a cost 
less than initially estimated. The D&D work was 
performed by ANL personnel. 

The Radioactive Waste Storage Area had a 
number of problems associated with incomplete 
characterization. Radioactive waste storage tubes 
which were supposed to be empty actually 
contained radioactive materials. Contamination 
of radioactive waste storage vaults was more 
extensive than expected. The contamination was 
typically fission products, but the composition 
varied over a wide range indicating chemical 
separations were involved. The alpha-particle 

contamination was anticipated by the Health 
Physics Section as a result of the experience at 
EBWR. Respiratory protection and controls on 
the work activities prevented intakes. 

Surveillance 

D&D projects at ANL involve dispersible 
materials and most require air monitoring, air 
sampling, and bioassay sampling. Workers with 
the potential for internal exposure provide 
baseline bioassay samples and often receive 
whole body counts. They wear whole-body 
thermoluminescent dosimeters (TLDs) and 
augment these with extremity TLDs and 
electronic dosimeters. The TLD result is used for 
the dose of record. Electronic dosimeters are 
useful for ALARA purposes. The monthly vaIues 
&om the two dosimeters are compared. 

Initially, there was no monitoring of airborne 
alpha emitters at EBWR. This was a project 
management decision based on lack of 
identification of alpha emitters in an early 
characterization study. Followins the alpha 
intake, real-time and retrospective airborne alpha 
monitoring instrumentation was added. 

Short-duration air samples were taken before 
downgrading the respiratory protection at the 
Building 200 hot cells. Little reliance was put 
on an air sampling program because respiratory 
protection was required for all ceil entries. A 
stack effluent monitoring system was initially 
installed in 1984 and upgraded over the years. 
Data from this system was updated regularly. 
The emissions were reviewed at the weekly 
project meeting as a measure of decontamination 
effectiveness. A report was prepared to trend the 
emissions and was made available to D&D staff. 

The electronic alarming dosimeter proved to be a 
good instrument to aid the workers in practicing 
ALARA. An electronic dosimeter reader was 
provided that gave the workers the ability to set 



their dose rate and accumulated dose alarm points 
depending on the known exposure rates in the 
work area and the work to be performed. The 
technical support manager and assistant technical 
support manager in consultation with ANL Health 
Physics determined the alarm setpoints. It was 
noted that the electronic dosimeters over 
responded to deep dose in the presence of 
shallow doses (from beta particles). At times the 
shallow doses were four to ten times the deep 
doses. The TLD could distinguish shallow doses 
fiom deep doses. 

Ifthe electronic dosimeter was in close proximity 
to a handheld radio, it would accumulate dose in 
the absence of a field. Communication was 
maintained by use of the radios and viewing 
through one of the windows. Radios with ear 
plugs were worn by the workers in the cell. 
Handheld radios were used by coworkers outside 
the cell. 

Workpiace monitoring during the glovebox size 
reduction operation inside the Plutonium 
Glovebox Facility containment structure 
consisted of the following: (1) continuous real- 
time air monitoring; (2) fixed location air 
sampling; ( 3 )  lapel air sampling; and (4) 
frequently performed surface contamination 
surveys. The external dose rates on contact with 
the gloveboxes were very low, typically less than 
3 pSv/hr (300 predhr) , mainly due to low 
energy photons associated with 241Am. The 
primary focus of the size-reduction operations 
was to minimize the amount of aerosol generation 
and limit the intake of radioactive materials by the 
individual workers. 

Work Control 

Personal Protective EauiDment 

Discrete radiological particles @RPs), better 
known as "hot particles," were found in the 
tritium-contaminated primary cooling system of 

the CP-5 Reactor. These were flakes of %o 
that are thought to have originated fiom the 
Stellite" mechanical seals that were used in 
circulating pumps. PPE for the DRPs and tritium 
removal consisted of supplied air respirators, 
outer white paper and inner yellow polycoated 
TyveP suits, inner nitrile and outer butyl gloves. 
and shoe covers. The paper suits were used for 
DPR control and the polycoated suits were used 
to lower tritium exposure. The yellow inner 
clothing made it easy to identi@ a rip or tear in 
the paper clothing over it. 

Tritium can be easily measured by liquid 
scintillation counting of urine and internal doses 
on the order of 0.01 mrem can be estimated. 
Doses were controlled through the use of Tyvek" 
-coated protective clothing, supplied air 
respirators, pre- and post-task saturation with 
fluids (Gatorade"), and post-task showers with 
changes of work clothing. Previous to these 
controls, tritium uptakes rangea from 7 to 25 
mrem in a three-month period. Afterwards, the 
individual tritium doses were below 1 mremlyr. 

There were high levels of contamination inside the 
Building 200 hot cells M-l and K-l (levels in 
excess of 0. l M B q / l O O  cm'). In cell M-1 the he1 
had been dissolved in acid. Acid sofutions were 
solidded in cell K- I. Even though there were no 
longer any solutions in the cells, the remaining 
contamination consisted of salts which were easily 
soluble in water or perspiration. 

In order to prevent contamination on the skin and 
personnel issue clothing, and in order to minimize 
the danger of heat stress, three layers of personal 
protective equipment (PPE) were used. The first 
layer was yellow cotton coveralls, a pair of shoe 
covers, and gloves. The second layer was plastic 
Tyvek" coverall with integral hood and booties, 
supplied air respirator, and a pair of gloves. The 
third layer was plastic TyveP coverall with 
integral hood and booties, additional shoe covers, 
and a pair of gloves. An additional large hood 



covered the respirator, including the face mask. 

Between the worker and first layer of PPE there 
was a "spider" arrangement that piped cooling air 
into the suit. The "spider" consisted of plastic 
hoses with holes for the air to escape that went 
down the back, along the arms and down the legs. 
The air that was used was respirable air. The 
hood of the third layer of PPE covered the 
supplied air respirator, and the additional large 
hood covered the respirator and the face mask. 
The "spider" allowed air to escape into the large 
hood. Therefore, there were two layers of 
respiratory protection. Although the large hoods 
became contaminated on the outside and to some 
extent on the inside, the inside of the respirators 
had no contamination. 

During heavy work in cell K-1, when a 
contaminated item was held tightly against the 
body, perspiration drew contamination through 
ths three layers of PPE that had no rips. To 
prevent additional incidents, a chemical apron was 
used outside the third layer of PPE. This also 
prevented the sharp edges of the equipment that 
had been cut by a saw fi-om tearing the PPE. 
When the workers kneeled on contaminated 
surfaces, perspiration drew the activity through 
the PPE. Upon taping the knees, further 
contamination incidents were avoided. 

Task Planning; and Execution 

Cut-up EBWR reactor internals had activities 
capable of delivering doses as high as 2.5 Svlhr 
(250 redhr) on contact and 0.5 Sv/hr (50 
redhr) at 30 cm. Remote handling with careful 
planning was necessary to avoid high external 
exposures. Formal, documented ALARA reviews 
were conducted before each transfer from the &el 
pool. The pieces were placed underwater in 
baskets which then drained as they were removed 
by overhead crane from the pool. The operator 
remained behind thick shielding, the transfers 
were made to waste bins or casks quickly, and 

other workers were kept far enough away to 
minimize their exposures. 

Ascertainment of the total curie content of the 
radioactive material to be removed was necessary 
for waste disposal approval at Hanfiord. Smears 
were taken usiig long poles to reduce exposure. 
During remote handling, the health physics 
technician remained behind movable concrete 
which provided a shield. Gamma-ray emitters 
were identified and quantified using a portable 
high purity germanium detector. 

Pieces were placed in shielded basket assemblies 
and moved into transfer casks. Task planning 
allowed for personnel whole body dose rates not 
to exceed 1 m S v h  (100 me&), with 
collective dose not to exceed 2.5 mSv/hr (250 
person-mrem). Exposure control was achieved 
by a combination of special tools, shielding, 
carefully reviewed and tested procedures, and 
emphasis on radiation awareness by the workers. 
The actual collective dose was typically 1 person- 
mSv to 2 person-mSv (100 to 200 person-mrem) 
and never exceeded 2.5 person-mSv (250 person- 
mremj. 

Some EBWR reactor components were size- 
reduced by plasma-arc torch cutting. Torch 
cutting produced highly porous spherical slag 
globules. The larger globules settled by gravity 
to the bottom of the fuel pool below the 
operation, while light particles were dispersed 
upward as air contamination. The fuel pool and 
its recirculation system with its external piping 
became more contaminated with each cutting 
operation. 

Initially, plasma-arc cutting was performed in the 
fuel storage p001, above water level. Airborne 
contamination escaped into the building 
a&nosphere, partially exhausted by a HEPA (high 
efficiency particulate air) building ventilation 
system. Eventually, 6"Co contamination was 
detected in excessive concentrations by air 



monitoring. Further analysis of air samples 
revealed alpha activity &om 241Am in excess of 1 
DAC. Bioassay of all workers indicated several 
workers with 24’Am uptake, one as high as 3 mSv 
(300 mrem) committed dose. 

As a result of this incident, a cross-flow capture 
ventilation system was designed and installed to 
reduce escape of airborne activity from the fitel 
pool area. Furthermore, subsequent plasma-arc 
torch cutting was under water, continuous air 
monitoring for alpha particles was installed, and 
additional respiratory protection was required 
during this type of operation. 

Later in the project slag spheres from underwater 
plasma-arc cutting became dispersed over much 
of the building floor area, and led to several 
personnel contamination incidents. After the pool 
was emptied, the &el pool recirculation pipes 
containing slag spheres were cut up and 
transferred without sufficient controls. Slag 
spheres rolIed easily across the floor into 
crevasses. The tiny, light weight slag was 
insulating and picked ’ ~ p  static charge. It was 
attracted to PPE and stuck to it. The dominant 
radionuclide in the slag was 6oCo. Cleanup of the 
slag was difficult and time-consuming and led to 
a project delay. 

The primary coolant system for the CP-5 reactor 
was contaminated with tritium from neutron 
capture in deuterium because CP-5 was a heavy 
water moderated reactor. Since tritium has a 12 
year half life, a significant fraction of it still has 
not decayed. Tritiated water vapor in the closed 
loop primary coolant system resulted in local 
concentrations typically in the 10 to 20 DAC 
range when the system was opened. However, it 
was found that airborne tritium only occurred 
when residual heavy water was found in the 
piping. Dry piping did not contribute. The piping 
was not designed to be completely drained and 
disassembled. During the piping removal process, 
416 L (1 10 gal) of heavy water containing about 

37 GbqL (1 Ci/L) of tritium was collected. 

Special controls were established to contain and 
control discrete radiological particles. The 
controls included erecting walls and buffer areas 
around the posted DRP area using Herculite”, 
restricting access to all except essential personnel, 
and conducting fiequent radiological surveys for 
DPRs in the posted areas. 

In addition to periodic checks of the workers for 
DRPs by health physics technicians during the 
tasks, there were three surveys done of the 
workers for DRPs following task completion: first 
the health physics technician performed a quick 
whole-body survey of the worker on exit before 
removal of the white coveralls. Usually if a DRP 
was found, it would be on a spot of dirt which 
showed up on the white paper. Next, the worker 
doffed his white protective clothing and outer 
gloves and received a thorough survey while still 
wearing the supplied air respirator. If no DRPs 
were found, the worker removed the remaining 
PPE. and walked to the controlled area entrance. 
There the worker was checked again by a health 
physics technician before receiving a final check 
at the hand and shoe monitor. The respirator 
remained inside the controlled area and was 
checked there. This program successhlly 
contained all DRPs. 

Entries into the Building 200 hot ceils have also 
been sources of high external and potential 
internal exposure. Doing heavy work in 
personnel protective equipment is difficult. Once 
when the supplied air hoses became disconnected, 
the backup air supplies were exhausted. Heat 
stress indoors and outdoors and radionuclide 
penetration of perspiration-soaked clothing has 
occurred on the D&D projects. Alarming 
dosimeters have been useful in waming of high 
levels and in tracking exposures. ALARA 
reviews are playins an increasingly important role 
leading to establishment of hold points, use of 
mockups, and coordination of efforts. ANL 



health physicists and health physics technicians 
play a dual role as members of the line 
management team to get the job done and as 
guardians to keep radiation exposure under 
control. 

The remote handled waste from the Building 200 
hot cells, waste that would yield dose rates at the 
surface of the 208 L (%-gal) drums greater than 
2 mSv/hr (200 mR/hr), was staged in cell M-3. 
Waste was moved from cell M-4 or K-1 to cell 
M-3. It was sorted to minimize the amount of 
remote handled waste generated from the project. 
Before the waste was sorted, the shear in cell M-3 
used in size reduction was itself size reduced and 
packaged for shipping. This provided space for 
the sorting in cell M-3 and minimized the 
possibility of increasing the contamination on the 
shear. Waste was packaged in wooden half bin 
liners in the corridor outside the cell or inside the 
cell. All ~7aste parameters were verified by EM@, 
the division responsible for waste management, 
during the packaging. 

Release Process 

ANL Health Physics is responsible for 
determining that the outside contractors have 
decontaminated the facilities to release criteria. 
Such criteria are well-established for surface 
Contamination, but are not for residual activity in 
the interior of solids. This has led to difficulties in 
setting "reasonable" criteria. In addition, the 
methodologies used by ANL and the contractor 
to demonstrate achievement of the release criteria 
have been problematic. 

Initially, it was believed that EBWR could be 
decontaminated to an unrestricted release status. 
However, the radioactive contamination was 
more extensive than was initially believed. For 
example, removal of contaminated supporting 
structure required safety review and resulted in a 
decision to stop decontamination before all the 
bulk contamination had been removed. Also, 

internal surfaces of all pipes and conduits 
penetrating walls, the internal surfaces of the 
elevator motor, and the lower part of the elevator 
shaft were not decontaminated. The floor drain 
system was flushed, plugged, and capped, but left 
with some contamination. Except for these areas, 
the facility has been decontaminated to surface 
radioactivity values in Appendix D of 10 CFR 
835, the DOE Occupational Radiation Protection 
Final Rule. Further decontamination was not 
believed necessary for reuse of the fkility for 
temporary storage of transuranic waste. A final 
survey report characterizing the residual activity 
is being prepared. 

At the beginning of the D&D project, the 220Rn 
emissions from the Building 200 hot cells were 
the highest airborne emissions from the M - E  
site. One god was to reduce the emission to less 
than 10% of the 1992 value. At the end of 1995 
the emissions were 2% of the 1992 value. The 
stack monitoring system was used to trzck the 
progress of that effort. Direct correlation could 
often be seen between the efforts inside the cell 
and the increase or decrease in the emissions. 
The early efforts to reduce the emissions fi-om cell 
M- 1 were only minimally successfiil. Therefore, 
effort was refocused toward cleaning cells K-3 
and M-3, and using M-3 as a staging area. 

These cells were not intended to be released for 
unrestricted use. Therefore, release criteria were 
not deemed necessary. Acceptance criteria were 
set that were felt to be achievable in the allotted 
time. These criteria were set low enough to allow 
entry without concern for external exposures. 

Particles produced by sawing and grinding also 
needed to be anticipated and removed at the 
source as much as possible. The Plutonium 
Glovebox Facility size-reduction efforts to 
prepare radioactive waste for burial produced 
unique health physics concerns. Fixative coatings 
dried out and were no ionger as effective in 
immobilizing the surface contamination. Plastic 



shrink-wrapping and fresh coatings were 
necessary when size-reducing materials with alpha 
contamination >O. lMBq/lOo cm2. 

There were many corners and crevasses in the 
gloveboxes that trapped contamination. A best 
effort was made at decontaminating the interior 
surface of all boxes, especially those with higher 
levels of surf&ce contamination. Decontamination 
was performed using various nonhazardous liquid 
cleaners and repetitive wiping of the surfaces. 
Additional wipes and direct measurements using 
a portable gas-flow proportional counter survey 
instrument were used to document reduced 
contamination levels. The effort was successful in 
reducing contamination levels considerably, in 
some cases by as much as 70%. 

The next phase of the project involved a direct 
assay of each glovebox usins a neutron imagins 
waste assay system. The system utilized a pulsed 
I? h4eV neutron source to produce delayed 
neutrons in the fissile material. The purpose of 
the assays was to determine the quantity of 
residual transuranic materials present in each 
glovebox and to ensure that the gloveboxes were 
all less than the transuranic waste criterion of 
3700 Bqlg (100 nCi/g). Approximately one- 
fourth of the gloveboxes assayed required 
additional decontamination before successfhlly 
meeting the waste criterion. A water-based 
fixative (Aqualac") was applied to virtually all of 
interior glovebox surfaces to minimize the 
potential spread of any remaining loose 
contamination during the size-reduction operation 
which was to follow. 

Radiological notification and hoid points were 
established based on the results of continuous air 
sampling within the containment structure. For 
the low activity gloveboxes which were size- 
reduced first, an air concentration of twice the 
239Pu DAC value required notification of the 
Technology Division ALARA Coordinator; five 
times the DAC value required notification ofthe 

Laboratory ALARA Coordinator; and 40 times 
the DAC value required a work stoppage and 
evaluation of work activities. These notification 
levels were modified slightly for the higher 
activity gloveboxes. 

An additional notification scheme was developed 
based on exceeding 25% of the budgeted 
collective effective dose based on the results of 
bioassay data and potential exposures based on 
DAC-hour tracking for each worker. For the size 
reduction operation the collective effective dose 
was 10% of the budgeted Z .45 person-mSv (145 
person-mrem) and the highest individual effective 
dose was 23% of the budgeted 200 ~ S V  (20 
rnrem). 

The Radioactive Waste Storage Area South- 
West Vault was cIeaned up to meet surface 
contamination limits in 10 CFR 835 Appendix D 
and NRC Regulatory Guide 1.86 using tools with 
vacuum attachments to coilect radioactive dust. 
Clmup of the more highly contaminated South- 
East and South-Middle Vaults is in progress. 
Subsequently a residual radioactivity computer 
code RESRAD was used to determine the level of 
cleanup required for the more contaminated 
South-East and South-Middle Vaults. The 
proposed NRC limit of 150 pSv/yr (15 mremlyr) 
plus the DOE ALARA design criterion of 20% of 
the limit or 30 pSv/yr (3 mretdyr) was used in 
the calculation. The mixture of radionuclides was 
included and control of the area was assumed for 
the next 100 years followed by unrestricted 
release. The result was less restrictive than using 
the surface cleanup limits by factors of 3 and 10 
for I3'Cs and 9oSr, respectively. 

Heaith Physics fnstrumentation 

Selection 

The Eberlhe Model RO-7 ion chamber was used 
with a waterproof sleeve to measure exposure 
rates underwater at EBWR The activity of each 



basket containing cut-up reactor internals was 
measured before removal from the he1 pooi to 
predict the exposure rate in air during transfer to 
waste bins. 

An energy-compensated Geiger-Muller probe, 
TGM Detectors Model N378/BNC, with an 
Ebedine Model ASP-I ratemeter was used at 
EBWR for the final survey general area gamma 
exposure rate determinations. 

At the beginning of the cleanup of each Building 
200 hot cell, a Jordon Radector III ion chamber 
was used to identifjr "hot" spots and obtain a 
general idea of the extent of the problem. The 
dose rates inside the cell were high enough that 
remote work had to be performed and "hot" 
material had to be removed before cell entries 
could take place in cells M- 1 and K- I. 

Exposure rates of record were measured by a 
health physicist or health physics technician with 
an Eberline Model RO-20 ion chamber. The 
reliability of the Jordon detectors was estimated 
from a comparison of reading from the two 
instruments on the same item. Since there was 
material in the cell with surface exposure rates 
above 10 Gy/hr (-1,000 Whr) using the Jordon, 
an accurate remote instrument was needed to 
measure doses for shipping purposes. The Jordon 
instruments were replaced with Eberline Model 
RO-7 ion chambers for these measurements. 

Instruments for Release 

The RO-20 was chosen for the final acceptance 
survey of the Building 200 hot cells because it 
measures only y radiation with the Q window 
closed. Because the Q and y activities in the cell 
do not interfere with a activity measurements, the 
Eberline Model PAC-4G-3 was chosen. The NE 
Technology Model ElectrafllP6 was used to 
count the smears because of the potential for high 
activities on the smears. The NE could be 
programmed for one minute integrated counts. If 

the probe became contaminated it was easy to 
decontaminate it. 

For field measurements, such as at the 
Radioactive Waste Storage Area, to determine 
if items and structures met unrestricted release 
limits for surface contamination, the NE proved 
to be an excellent choice. For volume gamma 
Contamination, an Eberline Model PRM-5-3 with 
PG-2 thin NaI(T1) scintillator probe was used. 

CONCLUSIONS 

&-E Health Physics experience has identified 
the following elements for successfid radiological 
control of D&D projects: 

An aggressive in-house health physics 
capability is necessary. 
Heaitth Physics participation in project 
planning is important. 
Thorough cheracterization is necessary. 
Previous knowledge of operations is 
essential. 
Personnel attached to the D&D effort 
who were involved in operations are 
helpful. 
Mockups and starting on least radioactive 
sections to gain experience are 
worthwhile. 
Rapid flexible adequate response to 
changing conditions is essential. 
Release criteria are needed for bulk 
materials. 
Careful monitoring of the radiation 
worker is necessary, including bioassay 
when internal exposure is likely. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


