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Table 14 
Transfer Factors Used in Exposure Models for COPECs at DSS Site 1029 

COPEC 
Inorganic 
Arsenic 
Cyanide 
Mercury 
Selenium 
Silver 
Organic' 
Anthracene 
Benzo(a)anthracene 
Benzo( b }fluoranthene 
Benzo( k)fluoranthene 
Benzo(g,h,i)perylene 
�B�e�n�z�o�{�a�)�~�e�n�e� 

2-Butanone 
Chrysene 
Dibenz[ a,h Janthracene 
Fluoranthene 
Indeno(1,2,3-cd)pyrene 
Methylene chloride 
Phenanthrene 
Pyrene 
Toluene 

aBaes et al. 1984. 
bDefault value. 

Soil-to-Plant 
Transfer Factor 

4.0E-2a 
O.OE+oe 
1.0E+Od 
5.0E-1d 
1.0E+Od 

1.0E-1 
2.2E-1 
6.2E-3 
4.3E-3 
6.1 E-3 
1.1 E-2 
2.6E+1 
1.5E-2 
6.8E-3 
5.7E-2 
6.1 E-3 
?3E+O 
8.9E-2 
3.3E-2 
1.0E+O 

Soil-to-Invertebrate Food-to-Muscle 
Transfer Factor Transfer Factor 

1.0E+Ob 2.0E-3a 

O.OE+oe O.OE+Oc 
1.0E+Ob 2.5E-1a 
1.0E+Ob 1.0E-1d 
2.5E-1 e 5.0E-3d 

2.2E+1 7.3E-4 
2.5E+1 1.2E-2 
2.8E+1 1.1E-1 
2.9E+1 2.1 E-1 
2.8E+1 1.2E-1 
2.7E+1 3.8E-2 
1.4E+ 1 3.7E-8 
2.6E+1 2.3E-2 
2.8E+1 9.5E-2 
2.3E+1 2.1 E-3 
2.8E+1 1.2E-1 
1.5E+1 3.6E-? 
2.2E+1 9.6E-4 
2.4E+1 5.8E-3 
1.8E+1 1.3E-5 

eNo data found for food chain transfers of cyanide; however, because of its high metabolic activity, 
cyanide is assumed not to transfer in the food chain. 
dNCRP January 1989. 
eStafford et al. 1991. 
'Soil-to-plant and food-to-muscle transfer factors from equations developed in Travis and Arms (1988). 
Soil-to-invertebrate transfer factors from equations developed in Connell and Markwell (1990). All three 
equations are based upon the relationship of the transfer factor to the Log Kow value of compound. 
COPEC = Constituent of potential ecological concern. 
DSS = Drain and Septic Systems. 
Kow = Octanol-water partition coefficient. 
Log = Logarithm (base 10). 
NCRP = National Council on Radiation Protection and Measurements. 
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Table 15 
Media Concentrationsa for COPECs at DSS Site 1029 

Soil 
(Samples ~ 5 ft bgs) Plant Soil Deer Mouse 

COPEC (Maximum)a Foliageb Invertebrateb Tissuesc 

Inorganic 
Arsenic 5.0E+0 2.0E-1 5.0E+0 1.7E-2 
Cyanide 7.0E-2d O.OE+O O.OE+O O.OE+O 
Mercury 2.1 E-2d 2.1 E-2 2.1 E-2 1.6E-2 
Selenium 3.0E-1e 1.5E-1 3.0E-1 7.2E-2 
Silver 8.7E-1 8.7E-1 2.2E-1 8.8E-3 
Oraanic 
Anthracene 3.7E-1e 3.8E-2 8.1E+0 9.3E-3 
Benzo(a)anth racene 2.7E+oe 6.0E-2 6.8E+1 1.2E+0 
Benzo(b)fluoranthene 3.1 E+oe 1.9E-2 8.7E+1 1.5E+1 
Benzo(k)fluoranthene 1.0E+oe 4.3E-3 2.9E+1 9.7E+0 
Benzo(g,h,i)perylene 9.1E-1e 5.5E-3 2.6E+1 4.6E+0 
Benzo(a)pyrene 2.2E+oe 2.5E-2 5.9E+1 3.5E+O 
2-Butanone 5.9E-3e 1.6E-1 8.0E-2 1.4E-8 
Chrysene 3.2E+oe 4.8E-2 8.3E+1 3.1 E+O 
Dibenzla, I}lanth racene 3.3E-1e 2.2E-3 9.2E+0 1.4E+0 
Fluoranthene 4.1 E+oe 2.3E-1 9.5E+1 3.2E-1 
Indeno(1,2,3-cd)pyrene 8.8E-1e 5.4E-3 2.5E+1 4.5E+O 
Methylene chloride 7.3E-3 5.4E-2 1.1 E-1 9.3E-8 
Phenanthrene 1.6E+oe 1.4E-1 3.6E+1 5.4E-2 
pyrene 3.5E+oe 1.1 E-1 8.5E+1 7.7E-1 
Toluene 1.9E-3 1.9E-3 3.4E-2 7.2E-7 

aln milligrams per kilogram. All biotic media are based upon dry weight of the media. Soil concentration 
measurements are assumed to have been based upon dry weight. Values have been rounded to two 
significant digits after calculation. 
bProduct of the soil concentration and the corresponding transfer factor. 
cBased upon the deer mouse with an omnivorous diet. Product of the average concentration ingested in 
food and soil times the food-to-muscle transfer factor times a wet weight-dry weight conversion factor of 
3.125 (EPA 1993). 
dMaximum concentration of parameter was one-half the detection limit. 
eEstimated value. 
bgs = Below ground surface. 
COPEC = Constituent of potential ecological concern. 
DSS = Drain and Septic Systems. 
ft = Foot (feet). 
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COPEC 
Inorganic 
Arsenic 
Cyanide 
Mercury (organic) 
Mercury (inorqanic) 
Selenium 
Silver 
Organic 
Anthracene 
Benzo(a)anthracene 
Benzo(b )fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
2-Butanone 
Chrysene 
Dibenz[ a, h ]anth racene 
Fluoranthene 
Indeno(1,2,3-cd)pyrene 
Methylene chloride 
Phenanthrene 
Pyrene 
Toluene 

~ -- ~-

aln mg/kg soil dry weight. 
bEfroymson et al. 1997. 

Table 16 
Toxicity Benchmarks for Ecological Receptors at DSS Site 1029 

Mammalian NOAELs Avian NOAELs 
Test Deer 

Plant Mammalian Species Mouse Avian Test Species 
Benchmarka,b Test Speciesc,d NOAELd,e NOAELe,f Test Speciesd NOAELd,e 

10 mouse 0.126 6.42 mallard 5.14 
- rath 68.7 126 - -

0.3 rat 0.032 0.063 mallard 0.0064 
0.3 mouse 13.2 14.0 Japanese quail 0.45 
1 rat 0.2 0.391 screech owl 0.44 
2 rat 17.8i 34.8 - -

18i mouse 100k 106 - -
18i mouse 1.01 1 .1 - -
18i mouse 1.01 1 .1 - -
18i mouse 1.01 1.1 - -
18i mouse 1.01 1.1 - -
18i mouse 1.0 1.1 - -
- rat 1,771 3,464 - -

18i mouse 1.01 1 .1 - -
18i mouse 1.01 1.1 - -
18i mouse 12.5k 13.2 - -
18i mouse 1.0k 1 .1 - -
- rat 5.85 11.4 - -

18i mouse 1.01 1.1 - -
18i mouse 7.5k 7.9 - -
200 mouse 26 27.5 - -

-----

CBody weights (in kg) for the NOAEL conversion are as follows: lab mouse, 0.030; lab rat, 0.350 (except where noted). 
dSample et al. 1996, except where noted. 
eln mg/kg body weight per day. 

Burrowing 
Owl 

NOAELe,g 

-
-

0.0064 
0.45 
0.44 
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

fBased upon NOAEL conversion methodology presented in Sample et al. (1996), using a deer mouse body weight of 0.0239 kg and a mammalian 
scaling factor of 0.25. 
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Table 16 (Concluded) 
Toxicity Benchmarks for Ecological Receptors at DSS Site 1029 

9Based upon NOAEL conversion methodology presented in Sample et al. (1996). The avian scaling factor of 0.0 was used, making the NOAEL 
independent of body weight. 
hBody weight: 0.273 kg. 
iBased upon a rat lowest-observed-adverse-effect level of 89 mg/kg/d (EPA 2003) and an uncertainty factor of 0.2. 
iSims and Overcash 1983. 
kEPA (2003) with the application of a subchronic to chronic uncertainty factor of 0.5. 
1N0 data available. Toxicity value based upon NOAEL for benzo(a)pyrene. 
COPEC = Constituent of potential ecological concern. 
DSS = Drain and Septic Systems. 
EPA = U.S. Environmental Protection Agency. 
kg = Kilogram(s). 
mg = Milligram(s). 
mg/kg/d = Milligram(s) per kilogram per day. 
NOAEL = No-observed-adverse-effect level. 

= Insufficient toxicity data. 
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VII.3.4 Risk Characterization 

Maximum concentrations in soil and estimated dietary exposures were compared to plant and 
wildlife benchmark values, respectively. Table 17 presents the results of these comparisons. 
HOs are used to quantify the comparison with benchmarks for plant and wildlife exposure. The 
only HOs that exceeded unity were for the omnivorous and/or insectivorous deer mice from 
exposure to the following: 

• Arsenic 
• Benzo(a)anthracene 
• Benzo(a)pyrene 
• Benzo(b)fluoranthene 
• Benzo(k)fluoranthene 
• Benzo(g,h,i)perylene 
• Chrysene 
• Oibenz[a,h]anthracene (insectivorous deer mouse only) 
• Fluoranthene (insectivorous deer mouse only) 
• Indeno(1,2,3-cd)pyrene 
• Phenanthrene 
• Pyrene (insectivorous deer mouse only) 

Because of a lack of sufficient toxicity information, HOs for plants could not be determined for 
cyanide, 2-butanone, and methylene chloride. Similarly, for the burrowing owl, HOs could not 
be determined for cyanide, silver, and atl of the organic COPECs. As directed by the NMEO, 
His were calculated for each of the receptors (the HI is the sum of chemical-specific HOs for all 
pathways for a given receptor). Total His were greater than unity for plants and both the 
omnivorous and insectivorous deer mice, with a maximum HI of 71 for the insectivorous deer 
mouse. 

VII.3.5 Uncertainty Assessment 

Many uncertainties are associated with the characterization of ecological risks at OSS 
Site 1029. These uncertainties result from assumptions used in calculating risk that could 
overestimate or underestimate true risk presented at the site. For this risk assessment, 
assumptions are made that are more likely to overestimate exposures and risk rather than to 
underestimate them. These conservative assumptions are used to be more protective of the 
ecological resources potentially affected by the site. Conservatisms incorporated into this risk 
assessment include the use of maximum analyte concentrations measured in soil samples to 
evaluate risk, the use of wildlife toxicity benchmarks based upon NOAEL values, and the 
incorporation of strict herbivorous and strict insectivorous diets for predicting the extreme HO 
values for the deer mouse. Each of these uncertainties, which are consistent among each of 
the site-specific ecological risk assessments, is discussed in greater detail in the uncertainty 
section of the ecological risk assessment methodology document for the SNUNM ER Program 
(IT July 1998). 
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Table 17 
HOs for Ecological Receptors at DSS Site 1029 

COPEC Plant HQa 
Inorganic 
Arsenic 5.0E-1 
Cyanide -
Mercury (Orqanic) 6.8E-2 
Mercurv (Inorganic) 6.8E-2 
Selenium 3.0E-1 
Silver 4.4E-1 
Organic 
Anthracene 2.1 E-2 
Benzo(a)anthracene 1.5E-1 
Benzo(b )fluoranthene i.7E-1 
Benzolk)fluoranthene 5.6E-2 
Benzo(Q,h, i)perylene 5.1 E-2 
Benzo(a)pyrene 1.2E-1 
2-Butanone -
Chrysene 1.8E-1 
DibenzI a, h janth racene 1.8E-2 
Fluoranthene 2.3E-1 
Indeno(i,2,3-cd)pvrene 4.9E-2 
Methylene chloride -
Phenanthrene 8.9E-2 
Pyrene 1.9E-1 
Toluene 9.5E-6 

Hlb 1 ~.6E+o ___ l -'- -

aSold text indicates the HQ or HI exceeds unity. 
bThe HI is the sum of individual Has. 
COPEC = Constituent of potential ecological concern. 
DSS = Drain and Septic Systems. 
HI = Hazard index. 
HQ = Hazard quotient. 

Deer Mouse 
HQ 

(Herbivorous )a 

3.5E-1 
1.7E-6 
5.2E-2 
2.3E-4 
6.2E-2 
4.0E-3 

6.7E-S 
1.7E-2 
1.2E-2 
3.6E-3 
3.5E-3 
1.0E-2 
7.0E-6 
1.6E-2 
1.3E-3 
3.7E-3 
3.4E-3 
7.3E-4 
2.6E-2 
3.6E-3 
1.1 E-5 

5.7E-1 
---

= Insufficient toxicity data available for risk estimation purposes. 

Deer Mouse 
HQ 

(Omnivorous)a 

3.2E+O 
1.7E-6 
5.2E-2 
2.3E-4 
9.2E-2 
2.5E-3 

6.0E-3 
5.0E+O 
6.4E+O 
2.1E+O 
1.9E+O 
4.3E+O 
5.3E-6 
6.1E+O 
6.8E-1 
5.6E-1 
1.SE+O 
1.1 E-3 
2.6E+O 
8.4E-i 
1.0E-4 

.-.L 3.6E+1 

Deer Mouse 
HQ 

(Insectivorous)a 

6.0E+O 
i.7E-6 
5.2E-2 
2.3E-4 
1.2E-1 
1.0E-3 

i.2E-2 
1.0E+1 
1.3E+1 
4.3E+O 
3.8E+O 
8.6E+O 
3.6E-6 
1.2E+1 
1.3E+O 
1.1E+O 
3.6E+O 
1.5E-3 
5.2E+O 
1.7E+O 
1.9E-4 

7.1E+1 

Burrowing Owl 
HQa 

2.5E-3 
-

2.9E-i 
4.1 E-3 
2.0E-2 

-

-
-
-
-

-
-
-
-
-
-
-

-
-
-

-

3.1 E-1 
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In the estimation of ecological risk, background concentrations are included as a component of 
maximum on-site concentrations. Conservatisms in the modeling of exposure and risk can 
result in the prediction of risk to ecological receptors when exposed at background 
concentrations. As shown in Table 18, associated exposures to background are greater than 
1.0 for arsenic. It is therefore likely that the actual risks from arsenic at OSS Site 1029 are 
overestimated by the HQs calculated in this risk assessment because of conservatisms 
incorporated into the exposure assessment and in the toxicity benchmarks for these COPECs. 
It should be noted that in the case of arsenic, exposure to background concentrations may 
account for the majority (88 percent) of the HQ values shown in Table 17. 

Table 18 
HQs for Ecological Receptors Exposed to 

Background Concentrations at DSS Site 1029 

Deer Mouse 
HQ 

COPEC Plant HQa (Herbivorous)a 
Arsenic 4.4E-1 3.1 E-1 

aBold text indicates HQ or HI exceeds unity. 
bThe HI is the sum of individual HQs. 

Deer Mouse 
HQ 

(Omnivorous)a 
2.8E+O 

COPEC = Constituent of potential ecological concern. 
DSS = Drain and Septic Systems. 
HI = Hazard index. 
HQ = Hazard quotient. 

Deer Mouse 
HQ 

(Insectivorous)a 
S.2E+O 

Burrowing 
Owl HQa 
2.2E-3 

With regard to the toxicity benchmarks, it should be noted that for eight of the twelve 
polynuclear aromatic hydrocarbon (PAH) COPECs that resulted in HQs greater than unity 
(benzo[ a ]anth racene, benzo[b ]fluoranthene, benzo[g, h, i]perylene, benzo[k ]fl uoranthene, 
chrysene, dibenz[a,h]anthracene, indeno[1 ,2,3-cd]pyrene, and phenanthrene), a chemical­
specific toxicity benchmark was not available. The toxicity benchmarks for these eight PAHs 
were conservatively assumed to be equal to that of benzo(a)pyrene. Because benzo(a)pyrene 
is generally considered to be one of the most toxic PAHs, it is likely that the use of its toxicity 
benchmark for other PAHs could result in overestimation of actual risk. 

A further source of uncertainty associated with the predictions of potential ecological risk at this 
site is the use of the maximum measured concentrations to evaluate exposure and risk. This 
results in a conservative exposure scenario that does not necessarily reflect actual site 
conditions. For OSS Site 1029, it should be noted that in the four soil samples used in the 
evaluation of ecological risk (Le., the three samples from the O-to-5-foot depth interval), all 11 of 
the maximum concentrations for PAHs that resulted in HQs greater than unity were from the 
same sample. Nondetections of these 11 COPECs were reported in the other three samples 
from this depth interval. Based upon one-half the detection limits for the nondetections, the 
average concentrations of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenz[a,h]anthracene, fluoranthene, 
indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene are 0.74, 0.61, 0.84, 0.29, 0.31, 0.86, 0.15, 
1.1, 0.28, 0.46, and 0.94 milligrams per kilogram, respectively. For the omnivorous deer 
mouse, these concentrations result in a reduction of all HQs to values lower than or equal to 
1.7. For the insectivorous deer mouse these concentrations result in the reduction of all HQs to 
values lower than or equal to 3.5. 
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Because of the lack of avian toxicity information relative to that for mammals, only four toxicity 
benchmark values could be determined for the burrowing owl. Two of these were for the two 
forms of mercury and the others for arsenic and selenium. Because of this data gap, HOs for 
the burrowing owl could not be calculated for 17 of the 21 COPECs identified for this site. 
Therefore, a degree of uncertainty exists with regard to the potential for risk to this receptor. 
However, two factors make it unlikely that risk to this receptor exists. First, as shown in 
Table 15, the tissue concentrations in the small mammal prey of the burrowing owl are less 
than the tissue concentration modeled in the soil invertebrates for the COPECs lacking avian 
toxicity values (with the exception of cyanide). This, combined with the fact that the ingestion 
rate of the owl (normalized to body weight) is 71 percent of that of the deer mouse, results in 
the prediction that the exposures of the burrowing owl to these COPECs at this site are much 
lower (14 percent or less) than the exposures estimated for the insectivorous deer mouse. 
Second, the home range of the burrowing owl (35 acres) is much larger than the area of OSS 
Site 1029 (less than 1 acre). Therefore, an area use factor of 0.03 (or less) can be applied to 
the owl's exposure factors. This results in predicted exposures that are two or more orders of 
magnitude less than those of the insectivorous deer mouse. Based upon this difference in 
exposure, it is unlikely that the risk to the burrowing owl would be greater than the risk predicted 
for the insectivorous deer mouse in this assessment. 

Finally, it should be noted that in this evaluation the COPECs are considered to be 100-percent 
bioavailable at this site. However, the releases of COPECs from the septic system at this site 
were to the subsurface soil. The soil samples upon which the risk assessment is based were 
from 5 feet bgs. This is the lower extreme of the soil considered accessible to ecological 
receptors, making it unlikely that burrowing animals will come into contact with these COPECs. 
The pathway resulting in the highest contribution to exposure in the deer mouse is the ingestion 
of soil invertebrates (see Table 14). These soil invertebrates are unlikely to be exposed to soil 
from these depths. 

Based upon this uncertainty analysis, the potential for ecological risks at DSS Site 1029 is 
expected to be low. HOs greater than unity were predicted; however, closer examination of the 
exposure assumptions revealed an overestimation of risk primarily attributed to the use of 
conservative toxicity benchmarks, maximum concentrations, and maximum bioavailability to 
estimate exposure and risk to ecological receptors. 

VII.3.6 Risk Interpretation 

Ecological risks associated with DSS Site 1029 were estimated through a risk assessment 
that incorporated site-specific information when available. Initial predictions of 
potential risk to omnivorous and insectivorous deer mice from exposures to 11 PAHs 
(benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, benzo[g,h,i]perylene, 
benzo[k]fluoranthene, chrysene, dibenz[a,h]anthracene, fluoranthene, indeno[1 ,2,3-cd]pyrene, 
phenanthrene, and pyrene) can be attributed to conservative toxicity benchmarks, as well as 
the assumption of 1 OO-percent bioavailability and the use of maximum detected concentrations 
to estimate exposure. Based upon this final analysis, the potential for ecological risks 
associated with OSS Site 1029 is expected to be low. 
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V11.3.7 Risk Assessment Scientific/Management Decision Point 

After potential ecological risks associated with the site have been assessed, a decision is made 
regarding whether the site should be recommended for NFA or whether additional data should 
be collected to assess actual ecological risk at the site more thoroughly. With respect to this 
site, ecological risks are predicted to be low. The scientific/management decision is to 
recommend this site for NFA. 
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Introduction 

APPENDIX 1 
EXPOSURE PATHWAY DISCUSSION FOR CHEMICAL 

AND RADIO NUCLIDE CONTAMINATION 

3/10/2004 

Sandia National Laboratories/New Mexico (SNUNM) uses a default set of exposure routes and 
associated default parameter values developed for each future land-use designation being 
considered for SNUNM Environmental Restoration (ER) Project sites. This default set of 
exposure scenarios and parameter values are invoked for risk assessments unless site-specific 
information suggests other parameter values. Because many SNUNM solid waste 
management units (SWMUs) have similar types of contamination and physical settings, 
SNUNM believes that the risk assessment analyses at these sites can be similar. A default set 
of exposure scenarios and parameter values facilitates the risk assessments and subsequent 
review. 

The default exposure routes and parameter values used are those that SNUNM views as 
resulting in a Reasonable Maximum Exposure (RME) value. Subject to comments and 
recommendations by the U.S. Environmental Protection Agency (EPA) Region VI and New 
Mexico Environment Department (NMED), SNUNM will use these default exposure routes and 
parameter values in future risk assessments. 

At SNUNM, all SWMUs exist within the boundaries of the Kirtland Air Force Base. 
Approximately 240 potential waste and release sites have been identified where hazardous, 
radiological, or mixed materials may have been released to the environment. Evaluation and 
characterization activities have occurred at all of these sites to varying degrees. Among other 
documents, the SNUNM ER draft Environmental Assessment (DOE 1996) presents a summary 
of the hydrogeology of the sites and the biological resources present. When evaluating 
potential human health risk the current or reasonably foreseeable land use negotiated and 
approved for the specific SWMU/AOC, aggregate, or watershed will be used. The following 
references generally document these land uses: Workbook: Future Use Management Area 2 
(DOE et al. September 1995); Workbook: Future Use Management Area 1 (DOE et al. October 
1995); Workbook: Future Use Management Areas 3.4.5. and 6 (DOE and USAF January 
1996); Workbook: Future Use Management Area 7 (DOE and USAF March 1996). At this 
time, all SNUNM SWMUs have been tentatively designated for either industrial or recreational 
future land use. The NMED has also requested that risk calculations be performed based upon 
a residential land-use scenario. Therefore, all three land-use scenarios will be addressed in 
this document. 

The SNUNM ER Project has screened the potential exposure routes and identified default 
parameter values to be used for calculating potential intake and subsequent hazard index (HI), 
excess cancer risk and dose values. The EPA (EPA 1989) provides a summary of exposure 
routes that could potentially be of significance at a specific waste site. These potential 
exposure routes consist of: 

• Ingestion of contaminated drinking water 

• Ingestion of contaminated soil 
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• Ingestion of contaminated fish and shellfish 

• Ingestion of contaminated fruits and vegetables 

• Ingestion of contaminated meat, eggs, and dairy products 

• Ingestion of contaminated surface water while swimming 

• Dermal contact with chemicals in water 

• Dermal contact with chemicals in soil 

• Inhalation of airborne compounds (vapor phase or particulate) 

• External exposure to penetrating radiation (immersion in contaminated air; 
immersion in contaminated water; and exposure from ground surfaces with 
photon-emitting radionuclides) 

Based upon the location of the SNUNM SWMUs and the characteristics of the surface and 
subsurface at the sites, we have evaluated these potential exposure routes for different land­
use scenarios to determine which should be considered in risk assessment analyses (the last 
exposure route is pertinent to radionuclides only). At SNUNM SWMUs, there is currently no 
consumption of fish, shellfish, fruits, vegetables, meat, eggs, or dairy products that originate on 
site. Additionally, no potential for swimming in surface water is present due to the high-desert 
environmental conditions. As documented in the RESRAD computer code manual (ANL 1993), 
risks resulting from immersion in contaminated air or water are not significant compared to risks 
from other radiation exposure routes. 

For the industrial and recreational land-use scenarios, SNUNM ER has, therefore, excluded the 
following four potential exposure routes from further risk assessment evaluations at any 
SNUNM SWMU: 

• Ingestion of contaminated fish and shellfish 
• Ingestion of contaminated fruits and vegetables 
• Ingestion of contaminated meat, eggs, and dairy products 
• Ingestion of contaminated surface water while swimming 
• Dermal contact with chemicals in water 

That part of the exposure pathway for radionuclides related to immersion in contaminated air or 
water is also eliminated. 

Based upon this evaluation, for future risk assessments the exposure routes that will be 
considered are shown in Table 1. 
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Table 1 
Exposure Pathways Considered for Various Land-Use scenarios 

Industrial Recreational Residential 
Ingestion of contaminated drinking Ingestion of contaminated Ingestion of contaminated drinking 
water drinking water water 
Ingestion of contaminated soil Ingestion of contaminated soil Ingestion of contaminated soil 
Inhalation of airborne compounds Inhalation of airborne Inhalation of airborne compounds 
(vapor phase or particulate) compounds (vapor phase or (vapor phase or particulate) 

~articulate) 

Dermal contact (nonradiological Dermal contact (nonradiological Dermal contact (nonradiological 
constituents only) soil only constituents only) soil only constituents only) soil only 
External exposure to penetrating External exposure to External exposure to penetrating 
radiation from ground surfaces penetrating radiation from radiation from ground surfaces 

qround surfaces 

Equations and Default Parameter Values for Identified Exposure Routes 

In general, SNUNM expects that ingestion of compounds in drinking water and soil will be the 
more significant exposure routes for chemicals; external exposure to radiation may also be 
significant for radionuclides. All of the above routes will, however, be considered for their 
appropriate land-use scenarios. The general equation for calculating potential intakes via these 
routes is shown below. The equations are taken from "Assessing Human Health Risks Posed 
by Chemicals: Screening-Level Risk Assessment" (NMED March 2000) and "Technical 
Background Document for Development of Soil Screening Levels" (NMED December 2000). 
Equations from both documents are based upon the "Risk Assessment Guidance for 
Superfund" (RAGS): Volume 1 (EPA 1989, 1991). These general equations also apply to 
calculating potential intakes for radionuclides. A more in-depth discussion of the equations 
used in performing radiological pathway analyses with the RESRAD code may be found in the 
RESRAD Manual (ANL 1993). RESRAD is the only code designated by the U.S. Department of 
Energy (DOE) in DOE Order 5400.5 for the evaluation of radioactively contaminated sites (DOE 
1993). The Nuclear Regulatory Commission (NRC) has approved the use of RESRAD for dose 
evaluation by licensees involved in decommissioning, NRC staff evaluation of waste disposal 
requests, and dose evaluation of sites being reviewed by NRC staff. EPA Science Advisory 
Board reviewed the RESRAD model. EPA used RESRAD in their rulemaking on radiation site 
cleanup regulations. RESRAD code has been verified, undergone several benchmarking 
analyses, and been included in the International Atomic Energy Agency's VAMP and BIOMOVS 
II projects to compare environmental transport models. 

Also shown are the default values SNUNM ER will use in RME risk assessment calculations for 
industrial, recreational, and residential land-use scenarios, based upon EPA and other 
governmental agency guidance. The pathways and values for chemical contaminants are 
discussed first, followed by those for radionuclide contaminants. RESRAD input parameters 
that are left as the default values provided with the code are not discussed. Further information 
relating to these parameters may be found in the RESRAD Manual (ANL 1993) or by directly 
accessing the RESRAD websites at: http://web.ead.anl.gov/resrad/home2/ or 
http://web.ead.anl.gov/resrad/documents/. 
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Generic Equation for Calculation of Risk Parameter Values 

The equation used to calculate the risk parameter values (i.e., hazard quotients/HI, excess 
cancer risk, or radiation total effective dose equivalent [TEDE] [dose]) is similar for all exposure 
pathways and is given by: 

Risk (or Dose) = Intake x Toxicity Effect (either carcinogenic, noncarcinogenic, or radiological) 

where; 

= C x (CR x EFD/BW/AT) x Toxicity Effect 

C = contaminant concentration (site specific) 
CR = contact rate for the exposure pathway 
EFD= exposure frequency and duration 
BW = body weight of average exposure individual 
AT = time over which exposure is averaged. 

(1 ) 

For nonradiological constituents of concern (COCs), the total risk/dose (either cancer risk or HI) 
is the sum of the risks/doses for all of the site-specific exposure pathways and contaminants. 
For radionuclides, the calculated radiation exposure, expressed as TEDE is compared directly 
to the exposure guidelines of 15 millirem per year (mrem/year) for industrial and recreational 
future use and 75 mrem/year for the unlikely event that institutional control of the site is lost and 
the site is used for residential purposes (EPA 1997). 

The evaluation of the carcinogenic health hazard produces a quantitative estimate for excess 
cancer risk resulting from the COCs present at the site. This estimate is evaluated for 
determination of further action by comparison of the quantitative estimate with the potentially 
acceptable risk of 1 E-5 for nonradiological carcinogens. The evaluation of the noncarcinogenic 
health hazard produces a quantitative estimate (i.e., the HI) for the toxicity resulting from the 
COCs present at the site. This estimate is evaluated for determination of further action by 
comparison of this quantitative estimate with the EPA standard HI of unity (1). The evaluation 
of the health hazard from radioactive compounds produces a quantitative estimate of doses 
resulting from the COCs present at the site. This estimated dose is used to calculate an 
assumed risk. However, this calculated risk is presented for illustration purposes only, not to 
determine compliance with regulations. 

The specific equations used for the individual exposure pathways can be found in RAGS 
(EPA 1989) and are outlined below. The RESRAD Manual (ANL 1993) describes similar 
equations for the calculation of radiological exposures. 

Soil Ingestion 

A receptor can ingest soil or dust directly by working in the contaminated soil. Indirect ingestion 
can occur from sources such as unwashed hands introducing contaminated soil to food that is 
then eaten. An estimate of intake from ingesting soil will be calculated as follows: 

C * IR * CF * EF * ED I =~s ______________ _ 

5 BW*AT 
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where: 

Is = Intake of contaminant from soil ingestion (milligrams [mg]/kilogram [kg]-day) 
Cs = Chemical concentration in soil (mg/kg) 
IR = Ingestion rate (mg soil/day) 
CF = Conversion factor (1 E-6 kg/mg) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (period over which exposure is averaged) (days) 

It should be noted that it is conservatively assumed that the receptor only ingests soil from the 
contaminated source. 

Soil Inhalation 

A receptor can inhale soil or dust directly by working in the contaminated soil. An estimate of 
intake from inhaling soil will be calculated as follows (EPA August 1997): 

where: 

Cs *IR*EF*ED*(YvF or hEF) 
I =--------------~~--~~~ 

s BW*AT 

Is = Intake of contaminant from soil inhalation (mg/kg-day) 
Cs = Chemical concentration in soil (mg/kg) 
IR = Inhalation rate (cubic meters [m3]/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
VF = soil-to-air volatilization factor (m3/kg) 
PEF = particulate emission factor (m3/kg) 
BW = Body weight (kg} 
AT = Averaging time (period over which exposure is averaged) (days) 

Soil Dermal Contact 

where: 

C *CF*SA*AF*ABS*EF*ED D =~s ______________________ _ 

a BW*AT 

Da = Absorbed dose (mg/kg-day) 
Cs = Chemical concentration in soil (mg/kg} 
CF = Conversion factor (1 E-6 kglmg) 
SA = Skin surface area available for contact (cm2/event) 
AF = Soil to skin adherence factor (mg/cm2) 
ABS= Absorption factor (unitless) 
EF = Exposure frequency (events/year) 
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ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (period over which exposure is averaged) (days) 

Groundwater Ingestion 

3110/2004 

A receptor can ingest water by drinking it or through using household water for cooking. An 
estimate of intake from ingesting water will be calculated as follows (EPA August 1997): 

where: 

C *IR*EF*ED I =----'-'W _____ _ 

W BW*AT 

Iw = Intake of contaminant from water ingestion (mg/kg/day) 
Cw = Chemical concentration in water (mg/liter [L]) 
IR = Ingestion rate (Uday) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (period over which exposure is averaged) (days) 

Groundwater Inhalation 

The amount of a constituent taken into the body via exposure to volatilization from showering or 
other household water uses will be evaluated using the concentration of the constituent in the 
water source (EPA 1991 and 1992). An estimate of intake from volatile inhalation from 
groundwater will be calculated as follows (EPA 1991): 

where: 

C * K * IR * EF * ED I = W I 

W BW*AT 

Iw = Intake of volatile in water from inhalation (mg/kg/day) 
Cw = Chemical concentration in water (mg/L) 
K = volatilization factor (0.5 Um3) 

IRj = Inhalation rate (m3/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (period over which exposure is averaged-days) 

For volatile compounds, volatilization from groundwater can be an important exposure pathway 
from showering and other household uses of groundwater. This exposure pathway will only be 
evaluated for organic chemicals with a Henry's Law constant greater than 1 x1 0-5 and with a 
molecular weight of 200 grams/mole or less (EPA 1991). 

Tables 2 and 3 show the default parameter values suggested for use by SNUNM at SWMUs, 
based upon the selected land-use scenarios for nonradiological and radiological COCs, 
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respectively. References are given at the end of the table indicating the source for the chosen 
parameter values. SNUNM uses default values that are consistent with both regulatory 
guidance and the RME approach. Therefore, the values chosen will, in general, provide a 
conservative estimate of the actual risk parameter. These parameter values are suggested for 
use for the various exposure pathways, based upon the assumption that a particular site has no 
unusual characteristics that contradict the default assumptions. For sites for which the 
assumptions are not valid, the parameter values will be modified and documented. 

Summary 

SNUNM will use the described default exposure routes and parameter values in risk 
assessments at sites that have an industrial, recreational, or residential future land-use 
scenario. There are no current residential land-use designations at SNUNM ER sites, but 
NMED has requested this scenario to be considered to provide perspective of the risk under the 
more restrictive land-use scenario. For sites designated as industrial or recreational land use, 
SNUNM will provide risk parameter values based upon a residential land-use scenario to 
indicate the effects of data uncertainty on risk value calculations or in order to potentially 
mitigate the need for institutional controls or restrictions on SNUNM ER sites. The parameter 
values are based upon EPA guidance and supplemented by information from other government 
sources. If these exposure routes and parameters are acceptable, SNUNM will use them in 
risk assessments for all sites where the assumptions are consistent with site-specific 
conditions. All deviations will be documented. 
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Table 2 
Default Nonradiological Exposure Parameter Values for Various Land-Use scenarios 

Parameter Industrial Recreational Residential 
General Exposure Parameters 

8.7 (4 hr/wk for 
Exposure Frequency (day/yr) 250a,b 52 wklyr)a,b 350a,b 
Exposure Duration (yr) 25a,b,c 30a,b,c 30a,b,c 

70a,b,c 70 Adulta,b,c 70 Adulta,b,c 

Body Weight (kg) 15 Childa,b,c 15 Childa,b,c 

Averaging Time (days) 
for Carcinogenic Compounds 25,550a,b 25,550a,b 25,550a,b 

(= 70 yr x 365 day/yr) 
for Noncarcinogenic Compounds 9,125 a,b 10,950a,b 10,950 a,b 

(= ED x 365 day/yr) 
Soil Ingestion Pathway 

Ingestion Rate (mg/day) 100a,b 200 Childa,b 200 Child a,b 
100 Adulta,b 100 Adult a,b 

Inhalation Pathway 
15 Childa 10 Childa 

Inhalation Rate (m3/day) 20a,b 30 Adulta 20 Adulta 

Volatilization Factor (m3/kg) Chemical Specific Chemical Specific Chemical Specific 
Particulate Emission Factor (m3/kq) 1.36E9a 1.36E9a 1.36E9a 

Water Ingestion Pathway 
2.4a 2.4a 2.4a 

Ingestion Rate (liter/day) 
Dermal Pathway 

0.2 Childa 0.2 Childa 

Skin Adherence Factor (mg/cm2) 0.2a 0.07 Adulta 0.07 Adulta 

Exposed Surface Area for Soil/Dust 2,800 Childa 2,800 Childa 

(cm2/day) 3,300a 5,700 Adulta 5,700 Adulta 

Skin Adsorption Factor Chemical Specific Chemical Specific Chemical Specific 

aTechnical Background Document for Development of Soil Screening Levels (NMED 2000). 
bRisk Assessment Guidance for Superfund, Vol. 1, Part B (EPA 1991). 
cExposure Factors Handbook (EPA August 1997). 
ED = Exposure duration. 
EPA = U.S. Environmental Protection Agency. 
hr = Hour(s). 
kg = Kilogram(s). 
m = Meter(s). 
mg = Milligram(s). 
NA = Not available. 
wk = Week(s). 
yr = Year(s). 
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Table 3 
Default Radiological Exposure Parameter Values for Various Land-Use scenarios 

Parameter Industrial Recreational 
General Exposure Parameters 

8 hr/day for 
Exposure Fre~uency_ 250 day/yr 4 hr/wk for 52 wk/yr 
Exposure Duration (y!J 25a,b 30a,b 

Body Weight (kg) 70 Adulta,b 70 Adulta,b 

Soil Ingestion Pathway 
Ingestion Rate 100 mg/dayc 100 mg/dayc 
Averaging Time (days) 

(= 30 yr x 365 day/yr) 10,950d 10,950d 

Inhalation Pathway 
Inhalation Rate (m3/yr) 7,300d ,e 10,950e 

Mass Loading for Inhalation g/m3 1,36 E-5d 1,36 E-5 d 
Food Ingestion Pathway 

Ingestion Rate, leafy Vegetables 
(kg/yr) NA NA 
Ingestion Rate, Fruits, Non-Leafy 
Vegetables & Grain (kglyr) NA NA 
Fraction Ingested NA NA 

aRisk Assessment Guidance for Superfund, Vol. 1, Part B (EPA 1991), 
bExposure Factors Handbook (EPA August 1997). 
cEPA Region VI guidance (EPA 1996). 
dFor radionuclides, RESRAD (ANL 1993), 
eSNUNM (February 1998). 
EPA = U.S. Environmental Protection Agency. 
g = Gram(s) 
hr = Hour(s). 
kg = Kilogram(s). 
m = Meter(s). 
mg = Milligram(s). 
NA = Not applicable. 
wk == Week(s). 
yr = Year(s). 

AU3·04fWPISNL04:rs5474.doc 0-53 

Residential 

365 day/yr 
30a,b 

70 Adulta,b 

100 mg/dayc 

10,950d 

7,300d,e 

1,36 E-5 d 

16.5c 

101.8b 

0.25M 
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