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ABSTRACT

Site-specitic activity concentrations were derived for soils contaminated with mixed fission prod-
ucts (MFP), or uranium-processing residues, using the Department of Energy (DOE) pathway
analysis computer code RESRAD at four different sites. The concentrations and other radiolog-
ical parameters, such as limits on background-subtracted gamma exposure rate. were used as the
basis to arrive at release criteria for two of the sites. Valid statistical parameters. caleulated tor
the distribution of radiological data obtained trom site surveys, were then compared with the cri-
teria to determine releasability or need for further decontamination. For the other two sites, RES-
RAD has been used as a preremediation planning tool to derive residual material guidehines for
uramum.

INTRODUCTION

Release of radioactively contaminated sites for safe and unrestricted future use requires proot
that radiological data obtained from the site meet reguiatory criteria for such a release. The re-
lease criteria are typically @ compusite of acceptance limits that depend on the radionuclides, the
media in which they are present, and on federal and local regulations. In recent vears. the DOE
has established a pathway analysis model 10 determine site-specitic soil activity concentration
guidelines for those radionuclides that do not have generic acceptance limits (1). The pathway
analysis computer code developed by the DOE is called RESRAD. Similar efforts have been initi-
ated by the U. S. Nuclear Re nulamw Commission (NRC) to develop and use dose-related criteria
based on generic pathway JHJIYSC:' (2) instead of simplistic numerical limits on residual radioac-
tivity. This NRC effort is directed toward justitying release of structures at decontaminated facili-
ties while the DOE analysis considers the potential etiects of residual radioactivity in soil.

Radiological survevs performed at four sites are reported in this paper. Of the four. two were in-
vestizated for old mixed fission pr()duc:!s (MFP) (primarily Cs~137 and 5r-60) and the other twvo
for uranium residues. The RESRAD code was used in all cases to determire the sotl a uv:ty con-
entration guidelines for these radionuclides. Additional site-specitic release criteria were akso
established and generic regulutory limits were used as appropriate. [n what follows, we brierls

scribe the case hlstoncs t!‘u. griteria, and use of RESRAD.

de-

BACKGROUND
MFEP Cases. Formerly used and adjoining areas of a nuclear test facility in an arid region in

Scuthern California were radiologically surveyed for residual radioactivity. Both structures (build-

ings) and open sites within the 117-kectare (290-acre) facility were surveyed. The two cases re-

ported here include an isolated storage vard and a side yard adjacent 1o 2 building. In both ':c*.

slight contamination of the soil with Cs~137 was measured und contam: :nanen with the associated

fission product nuclide. Sr-90. was aseumed. Following the remedial actions and analysis of dat ASTER
from radiological surveys reported kere. residual setivity at the twe locations was determined (0

be well below the scceptance imits tor release without radiological restrictions.
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Uranium Cases. The two cases presented are sites upder the DOE's Formerly Utilized Sites Re-
medial Action Program (FUSRAP), both contaminated with uranium. One site (in western New
York) is a 55-hectare (135-acre) currently operating industrial tfactlity where residual contamina-
tion remains from uranium ore processing operations carried out benween 1942 and 1948 for the
Manhattan Engineer District (MED). While processing residues were disposed off-site. uranium
contamination currently exists ar the site in several discrete areas. including buildings. a parking

lot, and both surface and subsurface soils. The other uranium site. located in eastern Tennessee. is
an 8&-hectare (20-acre) area that is now being developed tor industrial use, The site became con-
taminated when during the 1940s the MED, and s subseguently the Atomic Energy Commission.
stored uranium ore and ore-processing residues there. The site was radio!ogicnlly surveyed, de-
contaminated, and released for unrestricted use in 1972, Flowever. alter subsequent surveys by the
Tennessee Department of Health and Environmant and with the emergence of stricter release cri-
teria, the site was added to FUSRAP and is scheduled for further cleanup under the program.
Residual radioactive material guidelines for uranium for planning and decontamination or both
these sites were derived using RESRAD. -

RELEASE CRITERIA

General. Remedial actions are undertaken with the vliimate objective of protecting public aealth
and safety. Residual radioactivity levels ar remediated sites should. theretore. be below certain
limits so that a future occupant may use the site without radiologieal restrictions. Specifving the
types of acceptance limits and estublishing values, however, depends on numerous [actors. some
of which are discussed delow.

Inspection-oriented numerical limits exist. such as those specified for residual surface contumina-
tion and in the NRC Regulatory Guide 1.86. These Himits are the most dircetfy applicuble. and
they facilitate contirmation of the decontarninution operation, but they are rot accessarily cost
etfective,

Dose-based limits, using dose conversion tactors, such as those being currently invesugated by
the NRC (2), may be used. These allow greater tiexibility in dcc.ormmm.zfun while achizving pro-
ection goals more directly than aumerica! limits.

Dose-limited pathways unalysis, with generic or site-specific purameters. may be used. as pro-
vided by RESRAD. Thiy yleids the most direct meastre of success of the deconramination opzra
tion and ¢an be customizéd 1o the site by using applicable hvdrogeologicu! variables. future-use
scenarios. and other relevant parameters.

Further considerations in seiecting suidelines and acceptance criteria for remediation are:

1. External Exposure. Limits on dose rates from decontzminated or remediated
buildings or sites are specitied by agencies such as the NRC or the DOE (3).

N

Atfected Media. Maximum release hmits muy be specified for water. air. and’
or soil. For the cases of soil contamination, generic limits are available only for
Ra-226 by the DOE and others, and for uranium and thorium by the NRC (4.
Site-specitic activity concentrations must be established for other
radionuclides. For the present work, these were ¢stablished using RESRAD for
the MEF as well as urantum [us required by Ret. (3, for FUSRAP sites) and
are the principal subject of discussion in this paper.

(Y

Federal and Local Reguiutions. Variations exist in numerical Hmits estabiished
by regulatory authorities. The Himits also change from time o ume,

recommend 1 value of

MEF Logations. Alithough the DOE guidelines {2)
value ot D wRiih azove

20 ;_R/h {at 1 m) above background tor gummi expostre raies. A lower

3
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background was chosen for these surveys and was based on a previous NRC stip ation for'the
unrestricted release of » dismantled test reactor facility in the complex. Also, the 5 pR/h above
background corresponds to the recently issued NRC fimit of 10 mrem/yr (2000-h occupancy)
under NRC's “Below Regulatory Concern” policy (3},

Criteria for residual Cs-137 activity concentration in soils were ¢stablished for the above cases
using the RESRAD code. Combined presence. in equal activity concentrations, of both Cs-137
and Sr-90 was assumed in both cases because of & conservative determination that the incidents
leading 10 the contamination of these sites involved the presence of MFP. Selection ot parameters
and future-use scenarios emploved in the calculations of the activity concentrations are discussed
in the next section.

Measured gamma exposure rate and soil activity concentration data were also statisticaily ana-
lyzed with respect to the State of California guidelines (6) to demonstrate co aplunu, The statisti-
cal analysis procedure, known as sampling inspection by variables (7), i< widelv Lscd in indusiry

and the military, [ts application o mdnoln«rui survevs 1s described in Ret. (3). e sutfices to stute
here that armlvw of the measured data in this manner results in a parameter \nown as the €st
statistic (TS). To satisly the State of California guideline tor the MEP sites, it was necessary
demonstrate that the TS values tor the gamma exposure rates and the soil activity concentrations
were less than the 5 R/ and the RESRAD-~calculated limit. respectively.

Release Critenia for the Uiranium Residue Locations, The above-referenced DOE suidelines apply
to these FUSRAP sites, including the 100 mrem/yr “basic dose imit” tor an individea! memter of
the general public. Similarly. activity concentration guidelines tor uranium isotopes and total ura-
niem were caleulated for these sites using RESRAD The generic guideline specitied for surtuee
contamination and airborne radon decuy product wiil als0 be applicable o5 remedintion etfori,
progress at these sites,

PATHWAY ANALYSIS USING RESRAD

The pathway analysis method provides an estimate of a site-specific or genenic radiation dose,
subject to certain use conditions (scenarios). depending on whether the caleetational p parameters
are accurate values for the sitc or are more general (representative) values. tespectively. Accurate,
sire-specific values should be used to the maximum extent practical, fer :n._ not only improves the
accuracy of the resulting dose but also enhances the acceprability of both the method and the re-
sults. As estimated doses approach limiting levels. it is important 1o use accurate values 10 ensure
credibility of the result and avoid bias.

Tiie RESRAD code is designed for interpretation of situations involving distributed radioactivity
in soil and can aid investigations of lomr—term cnan-’es in the site, As .,CM.. iced in Rel. (1), RES
RAD incorporates considerations of the external radiation, inhalation. m«*uuon patimays 0
exposure from sources ti1 the ground, air. water, and in the tood chain. L,c seric values for the hy-
drogeological parameters, food, water. and air consumption are provided ay “default” !"pLIS for
the case of a family farm scenario. In all there are ubout 80 input pararrsters. A librarv ©
radionuclides is included in the program.

The default scenario and associated parameters can be used for periorming screening evaluation.
Based on site characteristics und plausible scenarios for site use. the parameters are then mrodi-
fled. Sensitivity analyses are aiso performed to identify those purameters thut significanty affect
tre end results, allowing the user to focus on obtaining 2ccurate site-srecitic values for these pu-
rameters.

Based on the site- and scenario-specitic inpuls thus established, R.ESR.‘ D con provide the act
ity concentration in soil for radionuctides identified for the site thut wouid resuit in an CxDUsUTE
correbpondmg 10 the basic dose Hmit of WU mrem/yr. Here, the busic dose limit s the inpun un

i
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the resulting RESRAD-calculated concentration is the limit. In this context, RESRAD can be
used as a prcremcdmuon planning too! (the uranium residue locations discussed here) where lim-
its on soil concentration are developed and variations in cleanup decisions are tested for ~as low
as reasonably achievable” (ALARA) considerations. For postremediation cases (the MFP loca-
tions), RESRAD provides a means to not only compare the measured soif concentrations with the
limit but also to estimate the dose corresponding to the measured concentration (used ag input) to
demonstrate the effectiveness of the cleanup accomplished by the remediation. It the measured
concentration and its extent are less than the limit, the resulting RESRAD-caleulated dose will be
less than the basic dose limit, satistving this acceprance criterion. As discussed below, RESRAD
was used in both these modes.

RESRAD PARAMETERS AND RESULTS

MFEP Cases. The hvdrogeological parameters employed in the MFP cases are neariy identical be-
cause they are part of the same complex. located in the arid southwestern United States, These
parameters were determined for the complex and used as inputs to RESRAD. Ag for use scenar-
ios, the sites are integral t ongoing industrial acuvities, and, thus, the incdustrial use scenario
would currently be appropriate. Other credible future-use scenarios includs residential or wilder-
ness, given their proximity 1o both suburban and recreational locations. For these reasons, the
family tarm scenario. although used with the default RESRAD dietary and occupancy parameter
for screening calculations, is not considered credible.

With site-specitic hydrogeological data and moditied dietary and occupancy purwmeters. RES-
RAD calculations were pertormed to determine the soil actvity concentrations tor the combined
presence of Cs~137 and Sr-90 for the thres credible scenarios. The screening and sensitivity caicu-
lattons showed that conservative values should be used with regard to the extent of contamination
(area and depth). the cover depth. and occupancy/inhalation sls 1cldmﬂ faciors. For this dno region
and for these crediple scenarios, the results showed the majority of dose contributions are from
external exposure pathwiys, which are determined by these fauor; Thus. although the areas and
extent of the contamination were relatively simall. an mt nite” contamination arex und depth werg
chosen for determining the limits. An aréa of 100.000 m* and a depth of 1 o as inputs 1o RES-
RAD. correspond 1 the infinite ease: that is. the caleulated dose remains the same at larger vel-
ues of these two purameters.

Of the two MFP cases. the storage yard arca is smaller than that of the side vard. Therefore. dit-
ferent values were used tor the shielding factors associated with occupuney and inhalation. Be-
cause of the relutively larger area of the side yard. the residential or indusirial occupant would be
exposed 1o more direct external exposures when he or she is outsidg of the building, For the small-
e storage vard, a uniform slab shielding was a more accurate approv mation. For the wilderness
scenario. however, no shielding was appropriate.

Table I shows the RESRAD-cuaiculated Cs-137 concentration limits for the three credible scenar-
105, using the infinite extent contamination and the applicable occupancy= and inhalation-shield-
ing factors for the w0 areas. At both sites. all other variables were ne"r: identical except tor the
sbxclc"w tactors. Reductions n external exposure rates by the uniform siab, assumed for the cuse
of the storage yard, is the cuuse of the increased values for the lxmm t or the residential and in-
dustrial scenarios. Because of the absence of any shielding in the wilderness scenario. the corrc-
sponding limits remained nearly the same for both locations.

The lowest value for either site corresponds o the residenial scenario. Thus, i the measured con-
centrations were below this. then the site can be used ror all the credibie u»cc thut is, it can be
reicased for unrestricted use. The lowest value is then the limit corresponding 1o the “credibe and
bounding” residential scenario.

Data shown in Table [ are tor the nresence of Cs=137 alone. Because of the ,\ IFp-
tion that an equal activity cencentration of =90 is also present. corresponding v
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Table I Cs-137 Soil Activity Concentration
Limits (pCi/g)

_ | Limit (pCi/g)
Scenario - ;
| Storage Yard l Side Yard
Industrial | 2520 | 239
Residential ‘ 984 71
Wilderness | 3,340 | 3,830

| SIERERODY

radionuclide were also calculated using RESRAD. For the combined presence of both nuclides, in
equal activity concentrations, the resulting acceptance limits for the credible tounding residential
scenario were 314 and 60 pCi/g for the storuge yard and side yard, respectivey.

Results of activity concentrations meusured from the soil samples collected from the two vards
after their remediation can now be compared with the above limits. These are shown in Figs. |
and 2 for the storage yard und side vard. respectively. Both figures have the measured Cs-137 s01
activity concentration values (in pCi/gy on the y-axis and the Gaussian cumulative probability cal-
culated for that distribution of data on the x-axis.

For acceptance. the TS caleulated for the duta must be below the acceptance limit. In Fig. 1, the
TS for the storage vard data is shown at 29.5 pCifg. which is well below the aceeptance fimit of
314 pCiig. Similarly. for the side yard. Fig. 2 shows a TS of 11.7 pCi/g, much lower than the
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Fig. 2. Measured Cs-137 Activity in the Side Yard Compared
With RESRAD-Calculated Limits

acceptance limit of 60 pCi/g. The data are also within the calculated Gaussian line, showing no
significant deviations.

The average of the data shown for the two yards was also used to estimae, using RESRAD, the

annual dose for a hypothetical current resident. [n each case, actual areas and conservative esti-
mates of the depth of the soil contamination were used. Results showed annual doses of €.39 and
5.2 mrem. respectively, for the storage yard and side yard, both well below the 100 mrem basic
dose limit.

Recalling that regulatory compliance also required that gamma exposure rates for the two vards
be less than 5 uR/h above background, the survey data on these exposure rates were also ex-
amined. Staustical plots of the data, collected on gridded locations 1 m above ground, are shown
in Figs. 3 anad 4 for the side yard before and after remediation, respectively. Tnc ambient exposure
rates shown in Fig. 3 are for a lurger area covering the side vard before remediation. The a average
of background data obtained from the ne.Lrby unattected areas is 15.6 «R/E. Aboutr a dozen ﬁ'xd
points are well above this backeround and also above the 5 uR/h dbOv\,—bJ\.ka\)l nd limit. f‘u_
number of grid locations with such elevated exposure rates and their magnitndes resulted in the
significant departure from the Guussian line shown for the data. [t was indeed from these dato.
and from prc:hm nary analysis of soils collected from selected locations which showed Cs-137
contamination, that a determination was made 10 proceed with soil cleunup of the side yard. Data
shown in Fig. 4 are from grid locations in the sice ;"f’* atter the cleanup and atrer subtracting tne
1558 uR/h background. The TS vaiue for this data, 3.6 R/ s within the limit The dara also
closely follow the Gaussian line in this fizure, Similar compliance was achieved with respect to the
storage yard.

Urapium Residue Cases. At the two FUSRAP sites, residual radicactive material guidelings were
derived for total uranium und uraniur isotopes using site-specitic parameters and ditlerent
scencrios as RESRAD inputs. The guidelines were derived on the basis of meetine the 106
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mrem/yr basic dose limit and assuming that U-238, U-234, and U-235 are present in their natural
activity ratio of 1:1:0.046. It was also assumed that uranium is the only radionuclide present at an
above-background concentration. All scenarios assumed that at some time within 1000 years fol-
lowing decontamination the area is released tor use without radiological restrictions. The detailed
assumptions and input data are available in Argonne National Laboratory reports (9,10), the re-
sults of which are presented here.

Three potential scenarios were considered for the New York site: industrial. residential farm, and
recreational. Pond water is assurned to be the only usable water, based on site geological and oih-
er considerations (9). The industrial scenario assumes use of the site by a hypothetical worker
who spends 2000 h annually (73% outdoor and 25% indoor) at the sit and does not ingest any
water or food from the site. The residential farm scenario assumes that 2 hypothetical occupant
sets up residence in the immediate vicinity of the site, drinks water from a natural pond down-
stream of the site, eats plant foods grown there, and consumes meat and milk from livestock
raised there. Fish consumption from the pond 15 also included. The recreational scenario (use as a
public park) assumes the user spends 750 h annually at the site but does not consume water or
food from the decontaminated site. Of the three scenarios, the indusirial use is the most realistic,
given current use of the site, and the recreational scenario provides a plausivle aliernative use.
The residential farm scenario, while hypothetically possible, is unlikely but does provide a conser-
vative upper bound dose estirnate. 1

Potential radiation doses resulting from the RESRAD-identified exposure pathways were consid-
ered. The seven pathways are:

3_4

Direct exposure to external radiation from the decontaminated soti

to

Internal radiation trom inhalation of dust

3. Internal radiation from ingestion of plant foods grown at the site and irrigated
with water drawn from the down-gradient side of the pond

4. Internal radiation from consumption of meat from livestock fed with todder
grown at the site and water drawn from the pond

5. Internal radiation from consumption of milk from similarly raised livestock
6. Internal radiation from consumption of tish from the pond
7. Internal radiation from drinking water drawn from the pond.

For a specific scenario, only the relevant pathways were considered and others were suppressed in
the RESRAD calculations. For example, for the industrial and recreational use scerurios, only
pathways 1 and 2 are applicable, whereas for the resicential farm scenario, all pathways, 1
through 7, are relevant.

Table II provides the guideline values [in (pCi/g)] for residual radioactivities in the soil for the
New York site, calculated by RESRAD that would result in a 100 mrem/ur excosurée from the ura-
nium isotopes and total natural uranium,

For the Tennessee site, the industrial and recreational scenarios are similur 1o those discussed
above. The residential farmer scerario has two variations: an adjacent pond provides the source
of usable water in one, while the other uses groundwater drawn from a well at the down-gradient
<dge of the site. The exposure pathways are Similar to those described earlier; however, an addi-
tional pathway of internal radiztion from inhaiation of emanating Rados-222 was also incluced.
Again, pathways not relevant to a specific scenario were suppressed in the RESRAD calculations.
Tabie I shows the resulting residual radioactive material guidelines for this site.
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Table I1. Residual Radioactive Material Guidelines
for New York Site (9)

Radionuclide Guideline (pCi/g
Industrial Use Residential Use ] Recreational
Uranium-234 2,400 77 l 5,300
Uranium-235 480 27 1 1,200
Uranium-238 1,600 83 ' 3,700
Total Uranium 1,800 77 | 4,200
04 17-0201

When implementing the above derived radionuclide guidelines for decontamiration of the site
when other nuclides are present, the law of the sum of fractions applies. as was the case for the
combined presence of Cs-137 and Sr-90 for the MFP sites discussed earlier. As such, the data
shown in Table II for the residential farmer and in Table III for the farmer/well scenarios provide
the most restrictive guidelines on residual concentrations of uranium. The decision making on re-
sidual concentrations is, however, a complex process where other factors must be considered.
These may include interagency agreements and past lower cleanup precedenis, as was the case.
for example, for the low limit of 5 pR/h above-background gamma exposure rate applied in the
MFP sites. Similarly, celevant release criteria on exposure rates, surface contamination levels. ard
radon levels also need to be satisfied for the two uranium residue sites. For example, reference
(11) provides such data and comparisons tor the Tennessee site.

Table TII. Residual Radioactive Material Guidelines for
Tennessee Site (10)

_ Guideline (pCi/g
Radionuchde ; -
Industrial | Recreation | Farmer/Pond Furmer/Well
Uranium-~234 2,400 5,400 590 120
Uranium-2335 450 1,100 150 47
Uranium-238 1,600 3,600 430 120
Total Uranium 1,800 | 4.000 470 120
De3s~3:01
SUMMARY

1. The RESRAD pathway analysis code was used to determine scit activity con-
centration limits for four sites. Of the four, two are sites remediated for the
presence of MFP (Cs-137 and Sr-90) and the other two are sites with uranium
ore residues.

N

Site-specitic hydrogeological variables were developed and used as inputs 10
RESRAD in all cases. A variety of credible use scenarios were consicered and
soil activity concentrations were derived for these scenarios. The lowest of the
concentrations determined the credible and bounding scenario.

3. In the remediated MFP sites, the soil activity concentration tor the credible
and bounding scenario (residential} was used as the acceptance imit for MFP
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residual radioactivity. The test statistic calculated from the measured soil activ-
ity concentration data at the two sites were well below the limits. Similarly,
dara on the gamma exposure rates were also found to satisfy the corresponding
acceptance limits for the two sites. Therefore, the sites can be released for use
without radiological restrictions.

4. In the uranium residue cases, RESRAD was used as a preremediation plan-
ning tool. The soil activity concentrations established for the residential farm
scenario provide the most restrictive guidelines for the decision making in re-
gard to future remediation of the sites, along with other release criteria.
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