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NOTATION 

The following is a list of the acronyms, initialisms, and abbreviations (including units 
of measure) used in this document. Some acronyms used in tables or equations only are 
defined in the respective tables or equations. 

A C R O ~ ;  INITIALISMS, AND A B B ~ T I O N S  

AEC 
ALARA 
DOE 
m s w  
MED 
m 
O W L  
RESRAD 

U.S. Atomic Energy Commission 
as low as  reasonably achievable 
U.S. Department of Energy 
Formerly Utilized Sites Remedial Action Program 
Manhattan Engineer District 
National Lead of Ohio 
Oak Ridge National Laboratory 
residual radioactive material guideline computer code 

UNITS OF MEASURE 

cm oentimetefirr) 
cm3 cubic centimeteds) 
d dads) 
g gramIs) 
h hour(s) 
kg kilogramla) 
L liter(s) 

m meteds) 
m2 squaremetefls) 
m3 cubic meterfa) 
mrem millirem(s) 
pCi picmurie(s) 
8 second(s) 
yr yeads) 



DERIVATION OF GUIDELINES FOR URANIUM RESIDUAL RADIOACTIVE 
MATERIAL IN SOIL AT THE FO&MER ASSOCIATE AIRCRAFT TOOL 

AND MANWAClWl€tNG COMPANY Sl'IW, FALBFIELD, OEIO 

E.R. Faillace, M. Nimmagadda, and G. Yu 

SUMMARY 

Residual radioactive material guidelines for uranium in soil were derived for the 
former Associate Aircraft Tool and ~anufectur in~ ~ o r n p a n ~  site1 in Fairfield, Ohio. This site 
has been identified for remedial action under the U.S. Department of Energy's (DOE'S) 
Formerly Utilized Sites Remedial Action Program. (FUSRAP). Single-nuclide and 
total-uranium guidelines were derived on the basis of the requirement that following 
remedial action, the 50-year mmmitted effective dose equivalent ta a hypothetical indiv idd  
living or working in the immediate vicinity of the site should not exceed (1) 30 mre& for 
the current-use and likely future-use scenarios or (2) 100 mremfyr for less Likely future-use 
scenarios CYu e t  al. lN3a). The DOE residual radioactive material guideline computer code, 
RESRAD, which implements the methodology described in the DOE manmi for eatabliehing 
residual radioactive material guidelines, was used in this evaluation. 

Three scenarios are considered in which it is assumed that the site will be uaed 
without radiological restrictions for a period of 1,000 years fobwing remedial action. The 
three scenarios vary with regard to the type of site use, time  pent at the site by the exposed 
individual, and sources of food consumed. The evaluation indicates that the dose contitraint 
of 30 mredyr would not be exceeded for uranium (including uranium-234, uranium-235, and 
uranium-238) within 1,000 years provided that the soil concentration of total combined 
uranium (uranium-234, uranium-235, and uranium-238) at the former Associate AircraR Bite 
did not exceed 970 pCilg for Scenario A (industrid worker: current-we scenarioJor280 pCi/g 
for Scenario B (resident: municipal water supply, a likely futwe-ue-e scenario>. The dose 
limit of 100 mre* would not be exceeded a t  the site if the total uranium concentration of 
the soil did not exceed 790 pCitg for Scenario C (subistenoe farmer: on-site well water, a 
plausible but unlikely future-use scenario). 

The uranium guidelines derived in this analysis apply to the total activity 
concentration of uranium isotopes (i.e . , u r - u m - 2 3 8 ,  uranium-234, and uranium-235 present 
in their natural activity concentration ratio of 1:1:0.0$6). Consequently, if uranium-238 were 
measured as  the indicator radionuclide, the respective soil concentration limits for 
Scenarios A, B, and C would be 470, 140, and 390 pCiJg. These guidehnes were calculated 
on the basis of a dose constraint of 30 m r e d y r  for Scenarios A and B and a dose limit of 
100 mremtyr for Scenario C (Yu et al. 1993a). In setting the actual uranium guidelines for 

R e f d  to as the former Associate Aircraft site in the remainder of the document. 



the former Associate Aircraft site, DOE will apply the &9-Iow-a8-reasonably-achievable 
(ALAR.4) policy to the decision-making process, along with other fadors such as whether a 
particular scenario is reasonable and appropriate. 



1 INTRODUCTION AND BRIEF HlSTORY 

The former Assda te  Aircraft Tool and Manufacturing Company site2 is  located in 
Fairfield, Ohio (Figure 1). The site has been designated by the U.S. Department of Energy 
(DOE) as  a candidate for remedial action under its Formerly Utiliied Sites Remedial Action 
Program (FUSRAF'). This designation was made aPter a preliminary inspection by Oak Ridge 
National Laboratory (ORNL) in July and September 1992 indicated the preaence of uranium 
contamination both inside and outside the-building that occupies thesite. F U S W  was 
established in 1974 by the U.S. Atomic Energy Commission (AEC), a predecessor of DOE. 
The mandate of the program is to identify, evaluate, and, if necessary, decontaminate sites 
previously used by the AEC or its predecessor, the Manhattan Engineer District (MED). 

Remedial action activities a t  the former Associate AircraR site will follow the 
guidelines established in DOE Order 5400.5 (DOE 1w). The DOE residual radioactive 
material computer d e ,  RESRAD (Yu et al. 1993a), is uwd to derive residual radionuclide 
guidelines on a site-specific basis. This report presents the uranium guidelines derived for 
the former Associate site on the basis of a dose constraint of 30 mremtyr for the current-use 
and likely future-use scenarios and a dose limit of 100 mremlyr for less likely but plausible 
future-use scenarios (Yu et aI. 1993a). The dose constraint of 30 mremlyr is not currently 
required under DOE Order 5400.5, but it is in the propod 10 CFR Part 834 rulemaking to 
account for additional dose contributions from other potential sources of radiation exposure. 

1.1 SITE DESCRIPTION AND SElTING 

The former Associate Aircraft site is  occupied by a building that previously housed 
an operation to machine uranium slugs (Figure 2). The site encompassea approximately 
10,000 m2, of which 3,700 m2 is occupied by the building. At the time of the ORNL surveys, 
the current owner operated a multipurpose shop in the fhdity. The building faces vacant 
lots to the south and east and Ohio State Route 4 (Dixie Highway) to the west. Commercial 
properties are located north of the building. 

The town of Fairfield is located in Butler County, Ohio, about 10 miles northwest of 
Cincinnati (Figure 1). Hydrogeofogic information for this area was obtained from Sheets 
(1994) and Spieker (1965). The annual average precipitation rate in nearby Hamiltan, Ohio 
(to the northwest), is 0.99 m/yr. The soil in the area of the site is predominantly sand and 
gravel (Spieker 1965). The site currently obtains water h m  municipal sources, and no wells 
have been dug on the property. Tfie water table in the area ranges from as close as  2 rn to 
more than 10 m below the soil surface {Sheets 1994; Spieker 1965). The distribution 
coeficient for uranium in a surface soil sample collected near the main entrance to the 
building has been measured a t  100 cm31g (Orlandini 1994). 

Referred to as the former Associate Aircraft site in the remainder of the dmument. 



FIGURE 1 Map Showing Fsirfield, Ohio, Location of the Former *te 
Aircrd Site (Source: Murray et d. 19931 

1.2 SITE HISTORY 

The Associate Aircraft Tool and Manufacturing Company was a subcontractor to 
National Lead of Ohio (NLO) from February to September 1956. Hollow uranium slugs were 
produced at the former Associate Aircraft sik for NLO, which was a primary contractor for 
the AEC. Early operations conducted a t  the Fairtield site included hollow drilling, reaming, 
and turning slugs to a ha1 outside diameter. Contractual records indicate that 
approximately 95,000 slugs were machined during the eight-month pe r id  of operation. 
During the 1 s t  three months of the contract, Associate Aircraft production was maintained 
at a minimum operating level of 10,000 to 15,000 slugs per month (Murray et aL 1993). 



FIGURE 2 Layout of the Former Associate Aircraft Building (Some: Murray et al. LWS) 



The present occupant of the site is Force Control Industries. A Force Control 
Industries employee who had visited the site in the 1950s reports that no extensive 
remodeling of the sole building on the property had been performed before 1992 (Murray 
et al. 1993). However, the west entrance to the buildmg (Figure 3) was remodeled soon after 
a radiological survey was performed in 1992. Debris from this construction were placed 
behind the east end of the building. 

As a result of the uranium-machining activities performed a t  the site in the 1950s, 
equipment, the building, and land became mntaminated with low levels of radioactive 
materials. At contract termination, sites used by the contractor were deconfamhted in 
accordance with the standards and survey methods in uae a t  that time. However, since the 
original assessments, more stringent radiological criteria and guidelines have been 
implemented for the release of such sites for unrestricted use. 

In the absence of substantial information regarding the current condition of the 
former Associate Aircraft site, DOE requested that ORNL personnel conduct a radiolcgiml 
survey of the facility under FUSRAP. The ground surface directly in fiunt (weat) of the 
building was thoroughly surveyed in July, before the h u t  e n t r a m  was remodeled. A 
complete radiological characterization of the building and of a 25-Rwide perimeter of ground 
surface around the other t h e e  sides of the building was performed in September 1992. The 
results indicated that residual uranium contamination from past AEC-related activities 
exceed current DOE gudelines in the building and in iaolated spots on the site outside the 
building (Murray e t  d. 1993). 

1.3 DERIVATION OF CLEANUP GUIDELINES 

Although most DOE cleanup guidelines applicable to remedial actions a t  FUSW 
sites are generic (DOE 19W), guidelines for uranium are derived on a site-specific baab. The 
purpose of this analysis was to derive the residual radioactive material g u i d b  for 
uranium (i.e., uranium-234, uranium-235, W u m - 2 3 8 ,  and total uranium) in soil applicable 
to remedial action a t  the former Associate Aircraft site. The derived guidelines represent the 
residual concentration of uranium in a homogenmusly contaminated area that must not be 
exceeded if the site is to be released for use without radiological restrictions. The total 
uranium guideline is  derived by assuming that uranium-238, uranium-234, and uranium-235 
are present in their natural activity concentration ratio of 1:1:0.046. 

Site-specific uranium guidelines for the former Associate Airuafl site were derived 
on the basis of a dose constraint of 30 m r e w  for the current-use and likely future-use 
scenarios and a dose limit of 100 m r e d y r  for less likely but plausible future-we scenarios 
(Yu et al. 1S93a). It was assumed that uranium is the only radionuclide present at an above- 
background concentration. The RESRAD computer code, version 5.41, was used to derive 
these guidelines. The RESRAD wde is used to implement the methodology described in the 
DOE manual for  establishing residual radioactive material guidelines (Yu et aL 1993a). 



FIGURE 3 Diagram Showing the Area Surveyed (dashed line) in July 1992 West 
of the Building at the Former Assdate Akcraft Site, Fairtield, Ohio (Souroe: 
Adapted from Murray et aL 1993) 



2 SCENARIO D E F r n O N S  

Three potential exposure scenarios were considered for this assessment of residual 
radioactivity guidelines for soil. For these scenarios, it was assumed that at  some time 
within 1,000 years, the site will be released for use without radiological restrictions fobwing 
remedial action. Potential radiation doees resulting from nine exposure pathways were 
considered: (1) direct exposure to external radiation from the decontaminated mil material, 
(2) internal radiation from inhalation of contaminated dust, (3) internal radiation from 
inhalation of emanating radon-222, (4) internal radiation from indenta l  ingestion of soil, 
f5) internal radiation from ingestion of plant fooda grown in the decontaminated area and 
irrigated with water drawn from a well located at  the downgradient edge of the 
decontaminated area, (6) internal radiation from ingestion of meat from livestock that is fed 
with fodder grown in the decontaminated area and irrigated with water drawn from an 
on-site well, (7) internal radiation from ingestion of milg f& liveshxk fed with fodder grown 
in the decontaminated area and irrigated with water d&wn from an on-site well. (8) internal - 
radiation from the ingestion of fish from a pond downgradient from the deoonkinated area, 
and (9) internal radiation from drinking water drawn from the on-site well. AU -we 
pathways considered for the three scenarios (Scenarios A, B, and C) are summarized in 
Table 1. 

TABLE 1 Summary of Exposure Pathwarn for Scenarios A, 
B, and C at the Former Associate Aircraft Site 

Pathway Scenario A' Scenario B~ Scenario CC 

External expasure 
Inhalation 
Radon 
Ingestion of plant f d  
Ingestion of meat 
Ingestion of milk 
Ingestion of fish 
Ingestion of soil 

Yes 
Yea 
Yes 
No 
No 
No 
No 
Yea 

Yes 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 

Yes 
Yes 
Yea 
Yea 
Yes 
Yea 
Yes 
Yes 

Ingestion of water No No Yes 

a Industrial worker: no consumption of water or fowls obtained on 
the site. 

Resident: water used for drinking, household purposes, and 
irrigation is assumed to be from uncontaminated municipal 
80llroes. 

Subsistence farmer: water used for drinking, household purpose3, 
livestock watering, and irrigation is assumed to be from an on-site 
well. 



Scenario A (the current-use scenario) assumes continued industrial use of the site. 
Under this scenario, a hypothetical individual is assumed to spend 9 hours per day a t  the site 
(8 hours working indoors and 1 hour outdoors for lunch), 5 days per week, 50 weeks per year. 
It is a h  assumed that the worker does not ingest water, plant fmds, or fish obtained from 
the decontaminated area or meat or milk from livestock raised in the decontaminated area. 
The dose to the worker is assumed to be only from the decontaminated soil. 

Scenario B (a likely future-use scenario) assumes residential use of the site. I t  is 
assumed that a t  some time'in the future, the industrial activities a t  the site will be 
diaoontinued and that the existing building will be removed and whole site will be 
transformed into a residential area. A hypothetical resident of the site is assumed to ingest 
plant foods grown in a garden on the site. All water used by the resident for drinking, 
household purposes, and irrigation is from municipal sources that are not radioactively 
contaminated. For this emnario, it is  assumed that no livestock are raised on the site for the 
production of meat and milk and that no pond is present provide fish or other aquatic fwd. 

Scenario C (a plausible but unlikely future-use scenario) is similar to Scenario B, in 
which a resident is assumed to ingest plant foods grown in the garden. However, under 
Scenario C, the resident is a subsistence farmer who is also assumed to ingest meat and mi& 
from livestock fed with forage grown on-site and to catch and consume fish and other aquatic 
organisms from an on-site pond. For this scenario, the groundwater drawn from a well 
located on-site is the only water source for drinking, household use, livestock watering, and 
irrigation. Currently no agricultural activity occurs a t  the site, and production of livestock 
or construction of a fishing pond in the decontaminated area is considered extremely unlikely. 
Agricultural use of the property would require removal of the current building and the paved 
areas a t  the site. For the purgoses of this analysis, it is assumed that any residual soil 
contamination wodd not be removed during this process. 

The RESRAD computer code (Yu et al. 1993a) was used to calculate the potential 
radiation doses for the hypothetical future industrial worker (Scenario A) and the resident 
and subsistence farmer (Scenarios B and C) on the basis of the following assumptions: 

During one year, the industrial worker (Scenario A) spends 2,000 hours (23%) 
indoors a t  the decontaminated site, 250 hours (3%) outdoors a t  the site, and 
6,510 hours (74%) away fimm the site. During one year, the resident and 
subsistence farmer (Scenarios B and C) spend 4,380 hours (50%) indoors, 
2,190 hours (25%) outdoors in the decontaminated area, and 2,190 hours (25%) 
away from the site (Yu et ai. 1993a). 

The walls, floor, and foundation of the house (Scenarios 3 and C) or commercial 
building (Scenario A) reduce external exposure by 3096; the indoor dust level is 
40% of the outdoor dust level (Yu et al. 1993a). 

The airborne dust loading is 0.1 mg/m3. 



The depth of the house or buildmg foundation is 1 m below ground surface, with 
-8 2 an effective radon diffusion coefficient of 2 x 10 m /s (Yu et al. 1993a). 

The size of the decontaminated area is sufficiently large that  10% and 50% of the 
plant food diet consumed by the resident and subsistence farmer for Scenarios B 
and G,  respectively, is  grown in a garden in the decontaminated area (Yu e t  al. 
1993a). The industrial worker does not consume these plant foods. 

The size of the decontaminated area is large enough to produoe 50% of the forage 
used to feed livestock for meat and milk consumed by the subsistence farmer in 
Scenario C (Yu et al. 1993a). The industrial worker and the resident in 
Scenarios A and B do not consume these animal pmducts. 

For Scenario C, 50% of the fish and other aquatic food consumed by the 
subsistence farmer is obtained from an on-site pond (Yu et al. 1993a). 

The current supply of water for the industrial building is from uncontaminated 
municipal sources. However, for the plausible but unlikely scenario (Scenario C), 
the source of water for drinking, household uses, livestock watering, and 
imgation is assumed to be from an  on-site well. 

The soil is sand and gravel (Spieker 1965). Because of the lack of site-specific 
data, typical values for sandy soils tabulated in Yu et al. (1993a) are used for the . - 
density, total and effective pomities, soil 'W' parameter, and hydraulic 
conductivity in the contaminated, unsaturated, and saturated zones. 

The uranium distribution coefficient was measured a t  100 cm31g for surface soil 
(Orlandhi 1994); this value is used for all uranium isotopes in the contaminated, 
unsaturated, and saturated zones. The distribution coefficients of the radioactive 
progeny are those for sandy soils tabulated in Yu et al. (1993b). 

No wells have been dug a t  the site. The water table in the area ranges from as 
close as 2 m to more than 10 m below the soil surface (Sheets 1994; Spieker 
1965); a distance of 3.8 m to the water table is assumed on the basis of the 
average water table in area wells. 

After remedial action, no cover material is placed over the decontaminated area. 

No erosion of the contaminated material occurs. 

The thickness of the contaminated zone is based on conservative average values 
from ORNL measurements (Murray et at 1993). The area of the former 
Assmiate Aircraft site (10,000 m2) is assumed to be homogeneously contaminated 
to an average depth of 0.3 m. Of this area, approximately 3,700 m2 is  now 
occupied by the building. 



3 WSEISOURCE CONCENTRM"I'0N RATIOS 

To develop residual radioactivity guidelines for soil a t  the former Associate Aircraft 
Site, the RESRAD computer d e ,  version 5.41 (Yu et aL 1993a), was used to calculate the 
doselsource concentration ratio DSR&) for uranium isotope i and pathway p a t  time t after 
remedial action. The time frame considered in this analysis was 1,000 years. Radioactive 
decay and ingrowth were eonsidered in deriving the dosd8ource concentration ratios. The 
various parameters used in the RESRAD code for this analysis are listed in the Appendix. 
The calculated maximum dose/source concentration ratios for all pathways are presented in 
Tables 2, 3, and 4 for Scenarios A, B, and C, mpctively.  For all three scenarios, the 
maximum d 4 8 o u r c e  concentration ratios would occur a t  time zeru (immediateiy after 
remedial action). The dose from natural uranium in soil in Scenarios A and B is contributed 
primarily by external exposure and inhalation of duat. In Scenario C, the dose from natural 
uranium is contributed almmt equally by the external qposure, dust inhalation, and plant 
ingestion pathways. 

The summation of DSRip(t) for all pathwaysp is the DSRi(t) for the ith isotope; that 
is, 

The total doselsource concentration ratio for total uranium can be calculated as 

where Wi is  the existing activity concentration fraction in soil at the site for uranium-234, 
uranium-235, and uranium-238. 

Forthis analysis, Wi is a s s w e d  to representthe natural activity concentration ratios 
of Y2.046, V2.046, and 0.046/2.046 for uranium-238, uranium-234, and uranium-235, 
respectively. The total doselsource concentration ratios for single radionuclides and total 
M u m  are provided in Table 5. These ratios were used to determine the allowable residual 
radioactivity for uranium in soil a t  the former Associate Aircraft site. 

Uncertainty in the derivation of dose/source concentration ratios arises from the 
distribution of possible input parameter values, as well as uncertainty in the conceptual 
model used to represent the site. Depending on the scenario, different parameters may affect 
the results in each case. For Scenarios A and B, the external exposure and inhalation 
pathways contribute almost equally to most of the dose. Therefore, uncertainty in 
parameters affecting these pathways, such as the thickness of the contaminated zone and 
mass loading of dust in the air, will affsct the results more than parameters affeding other 



TABLE 2 Manimum DoselSource Concentration Ratios for 
Scenario A (industrial worker) at the Former Associate- 
Ahra f t  Site 

Maximum Dose/Source Concentration Ratioa 
~mremlvrYIflile) 

. Pathway Uranium-234 Uranium-235 Uraniwn-238 

External exposure 2.7 x lo' 1.8 x 10.' 2.4 x lW2 
Inhalation 1.3 x 10' 1.2 x 1w2 1.2 x 10.~ 
Radon 0 0 0 
Ingestion of soil 2.5 x lo3 2.4 x lo3 2.4 x lo3 
a Maximum d d s o u r c e  concentration ratice would occur a t  time Zro 

(immediately following remedial action); all values are reported to 
two significant figures. 

TA3l.E 3 Afarimum DodSource Concentration Ratios for Scenario B 
(reside& municipal  water supp ly )  at the Former Associate AircRit 
Site 

Maximum DoawSource Concentration Ratioa 
(rnredyrY(pCilg) 

Pathway Uranium-234 Uranium-235 Uranium-238 

External enpasure 8.5 x lo4 5.5 x 10“ 7.7 x 10.~ 
Inhalation 4.8 x 10.' 4.4 x lo-2 4.4 x 
Radon 0 0 0 
Ingestion of plant fwde 3.8 x lo-3 3.7 x lo3 3.7 lo3 
Ingestion of soil 7.1 x lo3 6.8 x lo4 6.8 x lo3 

a hkximum dose.source concentration ratios would occur at time zero 
(immediately following remedial action); all values are r e p o d  to two 
significant figures. 



TABLE 4 -urn DoseBome Concentration Ratios 
for Scenario C (subsistence farmer: on-site well water) 
at the Former Associate Aircraft Site 

Maximum DcwSource Concentration Ratioa 
(mrenJyrY(pCdg) 

Pathway Uranium-234 Uranium-235 Uranium-238 

External exposure 8.5 x lo4 5.5 x 10-I 1.7 x 1w2 
Inhalation 4.8 x 10" 4.4 x 10.~ 4.4 x 1w2 
Radon 0 0 0 
Ingeetion of plant f& 1.9 x 10" 1.8 x lo-' 1.8 x 1w2 
Ingastion of meat 1.6 x lo9 1.5 x lo3 15 lo3 
Ingestion of milk 3.9 lo3 3.8 x lo3 3.8 x lo3 
Ingestion of fish 0 0 0 
Ingestion of soil 7.1 x lo3 6.8.x lo3 6.8 x lo3 
Ingestion of water 0 0 0 

a Maximum ddsource  conoentration ratioa would occur at time m 
(immediately following remedial action); all values are reported to two 
significant figures. 

TABLE 6 Total DodSo- Concent14011 Ratios for 
Uranium at the Former Assaciate Aircr& Site 

Maximum DaseJSource Concentration h t i o '  
(mr&Y(DGi(e) 

Radionuclide Scenario Scenario BE S&o C* 

Uranium-234 1.6 x 10" 5.9 x 10" 8.0 x 1Q2 
Uranium-235 1.9 x 10.' 6.1 x 10" 6.3 x lQ1 
Uranium-238 3.9 x 10" 1.3 x 10-I 1.5 x lQ1 
Total uranium 3.1 x 10.' 1.1 x 10-1 1.3 x 10' 

a All values are reported to two significant figures. 

Industrial worker (current-use scenario): no consumption of 
water or food obtained on the site. 

Resident: water used for drinking, household pur- and 
irrigation is assumed to be fmm uncontaminated municipal 
sources (likely future-use scenario). 

Subsistence farmer: water used for drinking, household 
purposes, livestock watering, and irrigation is assumed to be 
from an on-site well (unlikely future-use scenario). 



pathways. In addition, doses will depend strongly on the choice of occupancy factors selected 
for these two scenarios. In addition to the extemal gamma and dust inhalation pathways, 
the plant ingestion pathway a h  contributes significantly to the dose calculated for 
Scenario C. Therefore, the guidelines wi l I  be sensitive to parameters that affect this 
pathway, such as root uptake factors and plant ingestion rates. 

BeEause the m-urn dose occurs a t  time zero in all three scenarios, uncertainties 
in panunetemthat affect the leaching of radionuclides from the contaminated eone and their 
transport though unsaturated and saturated strata do not affect the results. It should be 
noted that the breakthrough time (the time it takes the uranium to reach the water table) 
is estimated to occur 600 years after remediation; however, the dose contribution from water- 
dependent pathways in Scenario C is smaller than the contribution of the water-independent 
pathways a t  the time of peak dose. Changing the depth to the water table only affects the 
breakthrough time, it does not significantly affect the magnitude of the doae contributed by 
waterdepndent pathways. 

The RESRAD default values were used in the calculations if no site-swific data 
were available. These default values are based on national average or reasonable maximum 
values. In addition, the contaminated zone thickness of 0.3 m that was selected to derive the 
doselsource concentration ratios is based on the assumption that the mil is uniformly 
contaminated to that depth. In reality, most of the contamination occurs in the top 15 cm 
of soil and is not dispersed uniformly throughout the site. For Scenario A, the thick concrete 
slab currently under the building would provide a sigui6cant amount of attenuation to 
external gamma radiation. In Scenarios B and C, it is likely that large amounts of 
potentially contaminated soil and demolition debris would be removed in preparing the site 
for residential or farming use. Therefore, the calculated d d s o u m e  ratios are conservative. 
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4 RESIDUAL RADIOACTIVE MATERIAL GUIDELINES 

The residual radioactive material guideline is the concentration of residual 
radioactive material that can remain in the soil in a decontaminated area and still allow use 
of the area without radiological restrictions. Given a dose limit, DL, for an individual, the 
residual radioactive material guideline G for uranium at the former Associate Aircraft site 
can be calculated as  

where DSR is the total dosdsource eoncentration ratio listed in Table 5. The dose limit, DL, 
used to derive the residual radioactive material guideline is 30 mremlyr for the currentuse 
and likely future-use scenarios and 100 mrendyr for all other plausible fit-we scenarios 
(Yu et al. 1993a). The calculated residual radioacthe material guideha for single 
radionuclides (uranium-234, uranium-235, and uranium-238) and total uranium are 
presented in Table 6. 

For the calculations of the total uranium guidelines (reported to two significant 
figures), i t  was assumed that the activity concentration ratio of uranium-238, uranium-234, 

TABLE 6 Residual Radioactive Material Guidelines 
for the Former Associate Aircraft Site 

Guideline I p C i l ~ ) ~  

Radionuclide Scenario Soenario Be Scenario Gd 

Uranium-234 1900 500 1,200 
Uranium-235 160 50 160 
Uranium-238 780 230 660 
Total uranium 970 280 790 

a All values are reported to two significant figures. 

Industrial worker: no consumption of water or food obtained 
on the site (currentuse scenario, dose constraint = 
30 mremfyr). 

Resident: water used for drinking, homehold purposes, and 
irrigation is assumed to be fiom uncontdinated municipal 
sources (likely futureuse scenario, dose constraint = 
30 mrerdyr). 

Subsistence farmer: water used for drinking, household 
purposes, livestock watering, and inigation is assumed to be 
from an on-site well (unlikely but plausible Future-use 
scenario, dmse limit = 100 mrem/yr). 



and uranium-235 is 1:1:0.046. The derived guidelines for total d u m  are 970, 280, and 
790 pCilg for Soenarios A, 3, and C, respectively. If uranium-238 -is mearmred as the 
indicator radionuclide, the uranium-238 limits for total uranium can be calculatedby dividmg 
the total uranium guidelines by 2.046. The resulting uranium-238 limits are 470,140, and 
390 pCilg for Scenarios A, B, and C, respectively. 

The law of sum of fractions applies when the derived radionuclide guiWea for 
decontamination of a site are implemented. That is, the summation of the radionuclide 
canmntratiom Si remaining on-site (averaged over an area of 100 ma and a depth of 15 crn) 
divided by their guidelines Gi should not be greater than unity; that is, 

The derived guidelines listed in Table 6 are for a large homogeneously contaminated area. 
For a mall, isolated area of contamination (a hot spot),'the allowable concentration that can 
remain on-site may be higher than the homogeneous guideline, dependmg on the size of the 
contaminated area and in accordance with the ranges given in Table 7. 

TABLE 7 Ranges for Hot-Spot 
Multiplication Factara 

Factor 
Area (multiple of 

Ranee (m2) authorized limit) 

a Areas less than 1 mZ are to be 
averaged over a 1-m2 area, and 
that average shall not e d  
10 times the authorized limit. 

Source: Yu et al. (1W3a). 
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APPENDIX: 

SCENARIOS AND PARAMETEEIS USED FOR THE ANALYSIS 
OF THE FORMER ASSOCIATE AIRCRAFl' SITE 

The following exposure scenarios were analyzed for the former Associate Aircraft site 
in ~ a i k e l d ,  Ohio: 

Soenario A: Industrial Use of the Site. A hypothetical person is 
assumed ta work in the area of the site. 

Scenario B: ResideIltial Use of the Site - Municipal Water Supply. A 
hypothetical resident is assumed to live in the decontaminated area and 
to use an uncontaminated municipal water supply for drinking, 
household purposes, and irrigation. The &dent is m u m e d  to ingest 
plant foods grown on-site, however, no livestock are raised on-site for the 
production of meat and milk, and no pond is present on-site to provide 
fish and other aquatic food. 

Scenario C: Subsistence Farming Use of the Site - OnSite Well Water. 
A hypothetical subsistence fanner is assumed to live in the 
decontaminated area and to use water from an on-site well for drinking, 
household purposes, livestmk watering, and irrigation. The resident is  
assumed to ingest plant foods grown in the garden and meat and milk 
h m  livestock fed with forage grown on-site. The resident is  assumed 
to catch and consume fish and other aquatic organisms from an on-site 
pond. 

The parametric values used in the RESRAD code for the analysis of the former Associate 
Aircraft site are listed in Table A1. All parametric values are reported a t  up to three 
s ignif imt  figures. Some parameters are specific to the former Assaciate Aircraft site; other 
values are generic. 



TABLE A1 Parameters Used in the RESRAD Computer Code for the Analysis 
of the Former Associate Air& Site 

Area of contaminated mne' 
Thidineae ai contaminated mnea 
length pardel to aquifer no# , 
Badc radiation d m  limitab 
CWU depth' 
Contamimted mne 

-tyb 
Emain ratea 
Total pornit# 
Ef&&vepmmity' 
H*ulic ConduClivitJr 
Soil-apes& b p m e t e r "  

EmpQtr-piration &dentb 
Redpitation' 
Mgatiaob 
higatioa modeb 
~uno£fmefEcientb 
Watershed area for nearby pondmb 
Accnracy for w s t e r l d  oomputations'~ 
Saturated mne 

~ e n a i t ?  

Effeave mrnait9 

Water table drop ratea 
Well pump intaka depth (Wow watm table)+ 
Model: o&peraiw (ND) or mans 

balance 0dB)'b 
Well pumping rateateb 
Number of unaatunted m e  strataa 
Unsaturated mne 

=p 
Total pomsirsC 
Effective Pmapitya 
Sad-specific b parameterm 
Hydraulic cond~c t iv i@~ 

Distribution ooe&ienP W Zones) 
uranium-234 
uranium-235 
uranium-238 
Actinium-227 
Rotactinium-231 
Led-210 
Radium-226 
Tbmium-230 

Inbaiation rateb 
Maas loading for inhalationP 
Shielding factor, &lationb 
Shielding factor, external gammab 
M o n  of time indooramb 
M o n  of time out doors^ 

Unit 

mP 
m 
m 
b 

m 

Scenario A 

l0,ooo 
0.3 

Not ueed 
30 
0 

1.5 
0 

0.4 
0.3 

5 , m  
4.05 
*.5 
0.99 
0.2 

Overhead 
0.2 

Not used 
Not uaed 

Not used 
Not used 
M o t  used 
Not uaed 
Not used 
Not d 
Not U d  

Not used 

Not lleed 
N& d 

Not used 
Not used 
Not ueed 
Not vaed 
Nor uaed 
Nor ueed 

Not used 
Not used 
Kot d 
Not d 
Not d 
Not used 
Not used 
Not Us.4 

fAm 
QOOOl 

0.4 
0.7 
0.23 
0.03 

10,000 
0.3 

Not used 
30 
0 

1.5 
0 

0.4 
0.3 
5.m 
4.05 
0.5 
0.99 
0.2 

OYerhesd 
0.2 

Not ussd 
Notused 

Not urted 
Not ussd 
Not u a d  
Not d 
Not d 
Not ussd 
Not used 
Not d 

Not d 
Not used 

Nor used 
Not used 
Not uwd 
Not used 
Not d 
Not used 

Not d 
Not uaed 
Not used 
Not uaed 
Not used 
Not used 
Not uaed 
Not used 

8.400 
0.0001 

0.4 
0.7 
0.5 
0.25 

Sanario C 

10,000 
0.3 
100 
100 
0 

1.5 
0 

0.4 
0.3 

5 . 0 0  
4.05 
0.5 
0.99 
0.2 

Overhead 
0.2 

1,000.000 
0.001 

1.5 
0.4 
0.3 

0.02 
0 
10 
ND 

250 
1 

3.5 
1.5 

- 0.4 
0.3 

4.05 
5 , m  

100 
100 
100 
460 
550 
270 
500 

3,200 
8,400 
0 . m 1  

0.4 
0.7 
0.5 
0.25 



TABLE A1 (ConL) 

Value 

Shape factor, ertemal gammab 
Dilution length for airbmne duat, inbalationb 
Fadconsum* 

W vegetables 

other aquatic f d ~  
soil hg&hnb 
Drinking water intate'b 
Cantam'hated Iraetion of food and water 

Drinking mat& 
HcuehoM rsterG 
Liv& wate+b 
W&m watermb 
Aquatic fmdnp 
Plant i d  
Meat0 
Milka 

Jive&& fmlder intake for -tmP 
L i " % ~ t o e k ~ r i n t r ~ e ~ m d  
Liveetock water intake for-@ 
&eat03 aater int&formi@ 
ti~estoek mil bhke* 
Maas loadimg for folk 0 
Depth or mil mixing l a y  
Depth of rmtam> 
Gmundwnter fnutimral usage Waua 
h m  mrhe water) 

Drinbing w a d  
Household aratermb 
livestock wate#' 
higati0n.b 

Stmagetimeofoontaminatedkd&d% 
Fruitn, non-leafy ve@aW and -'P 
Leafy ~ e g e t a b l d . ~  
m s P  
Crustacea and m d l ~ ~ h e ~ b  
w'P 
Meat and 
Well watera> 
Lives- todde+b 

T d  porosity of the house or building 
rodationb 

Vo1umebi.c water mutent of the fmmhtionb 
M u i o n  odlicimt for radoa gas 

In foundation materialb 
In mutamhated ~ r m e  soilb 

Emanating power ot &-22zb 
Radon vertical dimension oh rnhim$ 
Average annual wind speedb 
Average building air e d m q e  rateb 
Height of building Ob 

Unit 

Not used 
No+ vsed 
Not d 
Not 1 4  

Not used 
Not used 

36.5 
Not used 

Not used 
Not bed 
Not used 
Not used 
Not ulad 
Not used 
Not used 
Not used 
Not used 
Wurd 
Not umed 
Not uad 
Not used 
Not u d  

0.15 
Not uaed 

Not used 
Not used 
Not used 
Not used 

Not used 
Not used 
Not used 
Not used 
Not used 
Not 4 
Not used 
Not used 

0.1 

0.03 

3.0 x 10.~ 
2.0. lo4 
0.25 
2 
2 
0.5 
2.5 

Scenario B 

1 
3 

160 
14 

Not used 
Not lued 
Not used 
Not used 
96.5 

Not ueed 

0 
0 

Not used 
0 

Not used 
0.1 

Not used 
Not used 
Not used 
Not used 
Not used 
Not wd 
Not used 

Not used 
Not used 
Not used 
Not used 

14 
1 

Not d 
Not used 
Not d 
Not used 
Not used 
Not used 

0.1 

0.03 

3.0 x 
2.0 x 10.~ 
0.25 
2 
2 

0.5 
2.5 

Scenario C 



Value 

Parametn Unit SsnarioA ScenariDB ScenarioC 

~ u i l d i n g i n d m ~ e f e c b m ~  - c 0 0 0 
~ u i ~ u ~ f b ~ r m ~ r m n d l t t i o m ~  &mS 2 4  2.4 a.4 
Thikmsa of house m bnikbg hdaticab m 0.15 0.15 0.15 
 depth^^& rn 1 1 1 

Val- b a d  on site rpedficetirm, d ~aumptiana, or Yu et al. 11993a,b). 

RESRAD default dasr 

= ~ ~ i d d i m w * o m l a r  

cdda~v i th tbsRBSRADcampuk& 
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DOE? i 3 2 5  8 
(OQ-93) 126469 
United States Government Department of Energy 

memorandum 
DATE FEB 1 0 1995 

Fm15 9 o s M l ' %  

f l ~ ~ ~ ~ ~  EM-421 (Y. A. Williams, 30I-427-1719) 

SUBJECT: Uranium Guidelines f o r  the Associate A i r c r a f t  Si te,  F a i r f i e l d ,  Ohio 

TO: L. Price, OR 

This i s  i n  response t o  the request f o r  approval o f  uranium guidel ines f o r  
the Associate A i r c r a f t  S i t e  o f  the Formerly U t i l i z e d  Si tes Remedial Act ion 
Program, pursuant t o  Department o f  Energy (WE) Order 5400.5. This s i t e  
t s  located i n  F a i r f i e l d ,  Ohio, and was used by DOE'S predecessor f o r  
machining and shaping uranium r e t a l  . Your s t a f f  requested approval o f  a 
residual  uranium guidel lne o f  35 p ico tu r ies  per gram o f  t o t a l  uranium f o r  
the s i t e .  This recollllendation was made based dn a supporting analysis by 
Argonne nat ional  Laboratory (ANL) and a nar ra t i ve  descr ip t ion o f  the costs 
o f  ve r i f y i ng  and confirming cleanup a t  a lower leve l .  

The F a f r f i e l d  S i t e  i s  located i n  a comercia1 area i n  F a i r f i e l d ,  Ohio. 
The s i t e  consists o f  a la rge  cwmercial  bui ld ing.  One adjacent property 
i s  used f o r  conrercial  purposes. Other adjacent propert ies are vacant 
l o t s .  The MC analysis calculated a maximum residual concentration o f  
t o t a l  uranium i n  sot1 o f  970 picocuries per gram (pCi/g) f o r  the current 
c o m r c i a l  (Scenario A) ; a s im i la r  ca lcu la t ion  f o r  fu ture res iden t ia l  use 
o f  the property (Scenario B) y ie lded a maximum urani um concentration o f  
280 pEi/g. These concentrations are equivalent t o  30 m i l l i r em per year- -  
the dose const ra in t  f o r  current o r  1 i kely  use o f  land proposed i n  
10 CFR 834. 

The possible agr icu l tu ra l  use o f  the s i t e  i n  the fu ture must be also 
considered. Scenario C examines t h i s  use and assumes a resident farmer 
w i l l  : 

(1) reside a t  the s i t e  a f t e r  cleanup; 
(2) d r ink  water from an on-s i te  well  ; 
(3) eat p lant  foods grown i n  the decontaminated area; 
( 4 )  d r ink  milk and eat meat from c a t t l e  grown on the s i t e ;  and 
(5)  ingest 100 mi l l igrams per day o f  s o i l  a t  t h e  s i t e .  

These assumptions are very un l i ke l y  but  may be plausible i n  the d i s tan t  
future. The calculated maximum urani urn concentration, using these 
assumptions, i s  790 pCijg. This ca lcu la t ion  i s  based on a 100 m i l l i r em 
per year dose l i m i t ,  as required i n  WE Order 5400.5 and proposed 
10 CFR 834. 

The reconmended 35 pCi/g guidel ine  i s  less  than 2 m i l l  irem per year f o r  an 
i ndus t r i a l  worker (Scenario A i n  the ANL Report). For res iden t ia l  and 
subsistence agr icu l tu ra l  use, the recmended guidel i ne i s  approximate1 y 
4 m i l l i r em per year (Scenarios B and C ) .  



Based on the AHL analysis, the reconmended value o f  35 pCi/g o f  t o t a l  
uranium i s  w i t h i n  WE'S dose guidel ine  o f  100 m i l l i r em per year, which 
u s t  be met under a l l  worst case, p laus ib le  scenarios, inc lud ing the 
assumed subsistence res iden t ia l  use. The recowwnded leve l  o f  35 pCl/g 
also meets the constraint  o f  30 m i l l  irem per year f o r  current o r  1 i k e l y  
land use, as proposed i n  10 CFR 834. 

I n  addi t ion t o  meeting the basic rad ia t ion  protect ion guqdeline, any 
cleanup guidel ine must be analyzed t o  keep exposures ALAM. The ALAM 
analysis i n  the request stated tha t  reducing the s o i l  guideline t o  the 
recolnended l eve l  o f  35 pCi/g would increase the volume o f  s o i l  by 
approximate1 y 10 percent. Further reductions wtl l  s i g n i f i c a n t l y  increase 
post remedial survey and v e r i f i c a t i o n  costs, and even a t  t h i s  l e v e l  the 
incremental costs f o r  post remedial survey activities are estimated t o  be 
i n  excess o f  $100,000. These costs include deta l led sample preparation, a 
much la rger  number o f  s o i l  samples, smaller gr ids f o r  s o i l  sampling, use 
o f  m r e  sophist icated equipment, longer counting tlmes on detectors, 
slower sample turn around, and s ign i f i can t  increases i n  time and cost. 
Further reductions i n  the guidel ine would increase costs substant ia l ly .  

I n  the appl icat ion o f  ALARA, prac t i ca l  considerations are also taken i n t o  
account. For p rac t i ca l  considerations, i t i s  l i k e l y  that  t he  contaminated 
areas w i l l  be cleaned up t o  a leve l  below whatever guldel ine  i s  
established. This i s  l i k e l y  f o r  two reasons. F i r s t ,  i n  order t o  remove 
a l l  mater ia l  above the guidel ine, some s o i l  contaminated b e l w  the 
gu ide l ine w i l l  be removed. This w i l l  have the p rac t i ca l  e f f e c t  o f  
lowering the guidel ine as i t i s  applied during cleanup operations. 
Second, during cleanup operations, i t  i s  d t f f i c u l t  (as discussed above) t o  
prec ise ly  del ineate the po in t  a t  whlch contamination above the gu ide l ine 
ends. As a resu l t ,  remedial personnel w i l l  r a v e  suspect mater ia ls t o  
avoid repeated cleanup operations i n  the same area. For these reasons, i t 
i s  1 i kel y t ha t  cleanup w i  1 l be accompl i shed a t  some leve l  1 ower than the 
approved cleanup guidel 4ne. 

A f i n a l  p rac t i ca l  consideration i s  the use o f  clean f i l l  mater ia l  t o  
replace excavated materials. This w i l l  cause a shielding and covering 
e f f e c t  on the  remaining so i l s ,  reducing gamna ray and dust. Further, the  
clean f i l l  would reduce the projected doses by d i l u t i n g  any residual  
contamination. The ANL analysis does not assume t h a t  there i s  any clean 
f i l l  o r  cover placed over the s i t e  a f t e r  cleanup. For t h i s  reason, the 
doses calculated i n  the ANL report  are c l e a r l y  a worst case scenario. I n  
the actual appl icat ion o f  a cleanup guidel ine, i t i s  very l i k e l y  t ha t  a 
cleanup leve l  substant ia l ly  below the established guide l ine w i l l  be 
achieved. 

A review o f  the ANL report  indicates t ha t  one s ign i f i can t  pathway f o r  a l l  
scenarios i s  v i a  inhalat ion o f  contaminated dust. The mass loading fac to r  
used f o r  airborne dust i n  the ca lcu la t ions (100 micrograms per cubic 
meter) i s  much higher than would be expected f o r  resp i rab le  pa r t i c l es  a t  
the s i t e  under ambient conditions. This estimate r e f l e c t s  the l eve l  o f  



alrborne dust expected from plowing o r  digging i n  the s o i l .  Such a h igh 
dust. load i s  un l i ke l y  on a continual basis, and it very un l i ke l y  t h a t  a l l  
o f  the s o i l  a t  t h i s  leve l  would be o f  a respirable p a r t i c l e  size. There 
are a number o f  other sources o f  uncertainty and conservatism i n  the dose 
calculat lons;  these are b r i e f l y  sunmarlzed on pages 11 and 14 o f  the ANL 
report .  

and m: 
Based on the above considerat+ons, a gu ide l ine o f  35 pCl g f o r  t o t a l  
u r a n i m  above background leve ls  I s  approved f o r  use i n  t I e cleanup o f  the 
Associate A i r c r a f t  Si te,  pursuant t o  DOE Order 5400.5, Chapter I V ,  
Section 51. Please provide AM1 wi th  post-ranedial act ion data t o  permit 
the preparation o f  another dose estimate repor t  t o  r e f l e c t  the actual 
doses a f t e r  completion o f  the cleanup. 

Ye also rec-nd tha t  your s t a f f  discuss the s i t e  character izat ion data 
and the approved guidel ines w i th  the State s t a f f ,  property owner, and 
other stakeholders at  an appropriate time. 

A a w s  U. wagoner ti 
Director  
O f  f-Site/Savannah River Program Dtv i  sion 
O f f i ce  o f  Eastern Area Programs 
Of f i ce  o f  Environmental Restoration 

cc: 
D. Adler. OR 
A. ~ a l l o ' l 1 1 ,  EH-232 
C. Yu, ANL 
R. Foley, OWL 
M. Hurray, OWL 
K. Klinehans, ORNL 
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