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I Although a portion of the New Process Waste Lines (NPWL), RCRA Unit 374 3, exists within this area, the 
line was not included in this nsk assessment because it is an aboveground line with no soil contamination 
expected 
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1.0 INTRODUCTION AND PURPOSE 
Thrs Human Health fisk Assessment (HHRA) was performed for Indrvidual Hazardous 
Substance Site (IHSS) 101, the Solar Evaporation Ponds (SEP), effluent pipe, a porhon of 
IHSS 121, the Onginal Process Waste Lines (OPWL) Resource Conservation and Recovery 
Act (RCRA) Units 21 and 48, and Potential Area of Concern (PAC) 900-1310 (the 
Interceptor Trench System [ITS] water spill) at the Rocky Hats Envrronmental Technology 
Site (RFETS) ' Thls assessment quantifies human health nsk and evaluates any appropnate 
and necessary remedral actions or implementahon of other nsk management measures to 
ensure protechon of human receptors following site closure The nsk assessment was 
conducted in accordance with the anhcipated future land use as a wildlife refuge Adverse 
health nsks to wildlife refuge workers (WRWs) resulhng from potential exposures to 
chemcals and rdonuclides at or released from source term areas withm the SEP Area of 
Concern (AOC) are quanhfied and evaluated Health nsks are eshmated for reasonable 
maximum exposure (RME) condihons as defined by U S Envrronmental Protechon Agency 
(EPA) guidance (EPA 1989,1992a) 

Two nsk assessments have previously been prepared for the SEP The first was performed 
for the Intenm Measurehtenm Remedral Action (IM/IRA) document (DOE 1995), whch 
was never approved by the regulatory agencies In response to deficiencies in the IMlIRA 
risk assessment, Environmental Restorahon (ER) staff completed a draft of a second nsk 
assessment in late 1995 The second nsk assessment was prepared in close consultation with 
Colorado Department of Public Health and Environment (CDPHE) but was never finalized 
In addtion, there have been several sipficant changes in anticipated land use since 1995 
The changes in land use impact all phases of the nsk assessment process, inclu&ng receptors, 
exposure scenmos, exposure factors, prelimnary remediahon goals (PRGs), and the 
contarmnant of concern (COC) selechon process The toxicity factors used to calculate nsks 
have also been updated since 1995 

The current nsk assessment incorporates data used in earlier nsk assessments, and all recent 
data aviulable since 1995 All methods and informahon used in the nsk assessment have 
been updated to those that are currently approved or in the approval process for RFETS 
Ths  final nsk assessment was completed in close consultahon with CDPHE and EPA 
Ecological nsk is not specifically addressed in thls nsk assessment However, ecological nsk 
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will be assessed in the Comprehensive h s k  Assessment (CRA) and has been evaluated for 
watershed areas adjacent to the SEPs Ecological nsk will be assessed withm larger exposure 
units (EUs) to evaluate potential impacts to ecological receptor populations withm their 
defined habitats 

1.1 SITE DESCRIPTION 

RFETS consists of an industnalized area of approximately 400 acres surrounded by an 
undeveloped Buffer Zone (BZ) of approximately 6,150 acres The SEP is located in the 
central porhon of the Site on the northeastern side of the Industrral Area (LA) and consists of 
five dry (empty) solar evaporabon ponds (Pond 207-A, 207-B North, 207-B Center, 207-B 
South, and Pond 207-C) The SEP AOC includes adjacent soil withn the IA and outside the 
IA fence, as well as a portion of MSS 12 1, RtRA Units 2 1 and 48, and PAC 900- 13 10 
(Figure 1 1) A field invesbgabon was performed for the SEP and adjacent areas The 
results are presented in Appendix A Any releases of contaminants into the environment that 
may have occurred from these units are withn the AOC The total AOC area is 
approximately 33 3 acres with a pond surface area of 6 1 acres, as deterrmned by Geographc 
Informahon System (GIS) analysis presented in Appendix B, Table 3 

The SEP were constructed pnmanly to store and evaporate radioachve process wastes 
discharged from the OWPL These wastes contamed elevated levels of rutrates, neutralized 
aci&c wastes, alumnum hydroxide, sanitary sewage sludge, litluum metal, sodium nitrate, 
fernc chlonde, lithum chlonde, sulfunc acid, ammomum persulfates, hydrochlonc acid, 
rultnc acid, hexavalent chromum, and cyanide solubons 

The ponds were irut~ally constructed to contam wastewater withm a liner inside a bermed 
area However, contammated liquids infiltrated through the liner into subsurface soil 
Currently, a groundwater barner and treatment system is in place to protect an adjacent 
watershed area from transport of groundwater contaminants A detiuled descnphon of the 
site locabon and general condibon of the ponds is included in Sections 1 0 and 3 0 of the 
Phase I RCRA Facility Investigatioflemedial Inveshgabon (RFI/RI) Report for the SEP 
(DOE 1995) 

1.2 REPORT ORGANIZATION 

This document consists of the following sections and appendices that provide detaded 
informabon on vatlous aspects of the nsk assessment 

2 
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Figure 1.1 Solar Evaporation Ponds Area of Concern 

Section 2.0, Selection of Contaminants of Concern: Descnbes the approach taken to 
screen and idenbfy COCs for quantitabve evaluabon in the nsk assessment, includmg a 
summary of the analytical data used and how the data were aggregated 

Section 3.0, Exposure Assessment: Discusses the exposure scenanos evaluated in the nsk 
assessment, presents the exposure point concentrations calculated for each COC in each 
exposure medlum and exposure area, and descnbes the methodology and expoSure 
parameters used to quantify intake from each exposure pathway to each receptor 

Section 4.0, Toxicity Assessment: Descnbes the chemcal-specific toxicity factors used in 
estimating noncarcinogenic and carcinogenic health nsk resulting from exposure to 
chemcals and rdonuclides 

Section 5.0, Risk Characterization and Uncertainty Analysis : Presents the results of the 
quanbtative nsk assessment for each exposure scenmo, includmg hazard index (HI)/hazard 
quohent (HQ) estimates and dose calculahons for each receptor, and idenbfies the pnmary 
sources of uncertamty associated with the resulbng nsk esbmates 

3 
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Section 6.0, Summary and Conclusions: Summmzes and draws conclusions from the 
evaluahon of nsk assessment results and pnmary findings 

Section 7.0, References: Lists the literature cited in the nsk assessment 

Appendix A, Solar Evaporation Ponds Data and Background Comparison Tables and 
Figures: Documents data management and all chemcal and radionuclide data used in the 
nsk assessment Data are presented in tables by media, with a table of detechon frequency 
and summary statistm Tables and figures for background cornpansons are also included 

Appendix B, AOC Area and Exposure Unit Size: Presents data on the development of the 

EU size and AOC area 

Appendix C, Risk Calculations: Presents nsk calculahon results by chemcal, as well as 

percent of total nsk by media, pathway, and chemcal 

4 
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2.0 SELECTION OF CONTAMINANTS OF CONCERN 

Thls section summanzes the analytical data, data aggregahon assumptions, screening of 
potential contarmnants of concern (PCOCs), and idenbficabon of COCs for quanhtative 
evaluahon in the nsk assessment COCs in surface soil, subsurface soil, and pond liner 
matenals were selected w i h n  the AOC 

2.1 ANALYTICAL DATA ASSESSMENT 

Analytical data from analysis of environmental samples collected dunng previous Phase I 
field investigahons and Sitewide sampling programs were used to quanhfy contmnant 
concentrahons present in the AOC, and select COCs for nsk assessment The sampling and 
analytical programs followed approved work plans, and chemcal analytical results were 
validated in accordance with EPA and RFETS data validahon guidelines 

SEP data used in the nsk assessment consist of a compilahon analytical results generated by 
on-site and off-site laboratones These data were onginally stored in electromc format in the 
RFETS environmental Soil Water Database (SWD) The majonty of these data were further 
processed through a senes of data quality filters to ensure usability for nsk assessment 
purposes Appendix A descnbes data preparahon for the final database used in the nsk 
assessment The data sets used for evaluahon of surface soil, subsurface soil, and pond liner 
matenal are descnbed below and presented in Appendlx A, Tables A- 1 through A- 12 

2.1.1 DATA QUALITY ASSESSMENT 

Thls Data Quality Assessment (DQA) performed on the SEP data set is based on vmous 
cntena denved from EPA gwdance, partrcularly those related to data venfication and 
validahon (V&V) A detsuled DQA was also performed on the OU 4 IM/IRA data sets in 
1995 (DOE 1995a), and those results are summanzed herein Pertment references are listed 
at the end of t h s  report Quality control (QC) evaluations performed on the current SEP data 
set are documented w i h n  the Microsoft ACCESS database “OU4 RA-DQA mdb ” 

Verification and Validation of Results 

Venficahon ensures that data produced and used by a project are documented and traceable 
in accordance with IA Sampling and Analysis Plan (IASAP) (DOE 2001) Validahon 
consists of a technical review of data that directly support project decisions, such that any 
limtabons of the data relative to project goals are stated V&V cntena include 

Cham-of-custody, 

5 
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e 

e 

e 

e 

e 

0 

e 

e 

e 

0 

Preservabon and hold times, 

Instrument calibrabons, 

Preparation blanks, 

Interference check samples (metals), 

Matnx spikedmatnx spike duplicates (MSMSDs), 

Laboratory control samples (LCSs), 

Field duplicate measurements, 

Chemcal yield (radiuchemstry), 

Reqwed quanhtation limts/mmmum detectable activihes (MDAs) (sensihvity of 
chemcal and radmchemcal measurements, respectively), and 

Sample analysis and preparahon methods. 

Evaluation of V&V cntena ensures that precision, accuracy, representahveness, 
completeness, comparability, and sensihvity (PARCCS) parameters are sahsfactory and 
withm tolerance limts established for the project Satisfactory V&V of laboratory quality 
controls are captured through apphcahon of validahon “flags,” or qualifiers, applied to 
individual records Satisfactory V&V are indicated by a greater than 25 percent validahon 
frequency for all data package submttals, and a less than10 percent rejechon of all data 
package records validated (DOE 2000) 

Validation results are summmzed in Table 2 1 ,  and indlcate that data quality for the project 
is excellent Validahon frequencies ranged from 53 to 86 percent per analyt~cal suite and far 
exceed the IASAP DQOs of greater than 25 percent for data packages Rejected records with 
an “ R  validahon code ranged from 0 5 to 2 5 percent of the total records for each analyte 
group Analytical results for the category of “Organics-msc” refer to nontarget compounds 
not readdy classified withm the analytical suites given 

Field sampling conducted for the OU 4 RFI/RI was performed under an approved Quality 
Assurance (QA) Plan, including standard operating procedures (SOPS), QA addenda, and 
work plans (EG&G 1993) Several deficiency reports and associated corrective achon plans 
were also produced and implemented dmng the course of  the project as an integral part of  
the quality program None of the deficiencies compromsed data quality (DOE 1995a, 
g I I361)  

6 
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Table 2.1 Summary of SEP Data Set Validation Results 

Y I 141 I 35 I - 
3,458 

2,228 
3,720 168 

V 20,383 306 273 
R 605 40 2 

- - - 
I I I 

Total Records I 35,498 I 1,082 I 435 
I I I 

%Validated I 76% I 53% I 74% 

%Rejected I 17% I 37% 105% 
V = valid without qualification 

' - 1 - 1  - I 106  I - I -  
682 I 28 I 80 I 223 I 1,623 I 433 
2 4 1  - I - 529 1 -  I - - .  - _ _  
343 2 - 976 501 325 

2.430 53 1 0 0  59 623 258 
4.345 I 715 I 2.000 I 1.159 I 5.493 I 6.092 
154 I 21 I 60 I 71 I 46 I 21 1 

I I I I - 1 - 1  - I - 1 - 1  - 
I I I I I 

8,497 I 945 I 2,498 I 3,772 1 9,809 I 8,460 
I I I I I 

86% 84% 86% 60% 68% 81% 

18% 22% 24% 19% 05% 25% 

J = estimated (semquantitative) value 
A = acceptable with qualification 
Null, N, Y, Z = not validated 
R = rejected, do not use 

Hard-copy records of previous SEP (OU 4) reports can be found in the RFETS 
Comprehensive Environmental Response, Cornpensahon, and Lability Act (CERCLA) 
Admnistrahve Record Raw data, including V&V results and individual analyt~cal data 
packages, are currently filed by report identificahon number (IUN) and mantaned by 
Kaser-Hi11 Company, L L C (K-H) Analytical Services Division (ASD) Older hard copies 
reside in the Lakewood, Colorado, Federal Center 

Precision and Accuracy 

Overall precision and accuracy for the SEP data set were evaluated Precision and accuracy 
have also been discussed and documented in the SEP IM/IRA (DOE 1995a) and summanzed 
in thls section 

Precision of field sampling was adequate based on measurement of the relative percent 
difference (RPD) between duplicate and real samples A collection frequency of 10 percent 
was onginally established for the project, although greater than 5 percent is generally 
considered adequate The actual collection frequency was 1 14, or approximately 7 percent 

7 
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The RPD DQO for soil matrrces was less than 40 percent, which was achieved for all 
analytical suites, including rdonuclides, over 75 percent of the hme 

Field blanks collected d u n g  the project indicated that no false positives were present in the 
data set due to equipment cross-contaxrunahon 

Representativeness 

Samples collected for the project are representative based on their type, number, and locahon 
relahve to the site-specific hstory (DOE 1995a) Other cntena that corroborate 
representativeness include 

Completeness 

Sampling completeness was evaluated through the number and types of samples collected 
relative to project DQOs Specifically, were enough samples collected to meet established 
goals, and produce valid results, to make project decisions7 

Implementahon of industry-standard cham-of-custody protocols, 

Compliance with sample preservation and hold hmes, and 

Compliance with documented and Sitecapproved sampling plans and procedures, 
including SW-846 analytlcal methods 

Table 2 2 presents the number of samples collected, relahve to the analytlcal suites, for each 
environmental medla 

Table 2.2 Total Number of SEP Samples in Each Media by Analytical Suite 

Evaluation of data presented in Table 2 1 indicated that the mnimum requirad percentages of 
validation were acheved for all sample types and analytical methods Of the percentages 
validated, less than 4 percent were rejected for any given analyhcal method This result is 

8 
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well below the maximum allowable rejection rate of 10 percent considered acceptable based 
on IASAP DQOs All rejected records were disqualified from use in the SEP nsk 
assessment 

Comparability 

All results presented are comparable with nation-wide CERCLA data and U S Department 
of Energy (DOE) complex-wide environmental data T h s  comparability is based on 

Use of standardned engineenng units in the reporting of measurement results, 

Consistent sensitivihes of measurements (generally less than or equal to one half 
corresponlng achon levels [ALs]), and 
Use of Site-approved procedures, work plans, and quality controls (for example, 
Contractual Statements of Work for laboiatory analyses, [DOE 1995a1) 

Sensitivity 
The adequacy of sensihvihes for analyt~cal methods were evaluated for all results Reportmg 
limts and nondetect values were in units of mcrograms per hlogram (pgkg) or parts per 
billion (ppb) for organics, mlligrams per hlogram (mgkg) or parts per mllion (ppm) for 
metals, and picocuries per gram (pCdg) for radronuclides Analyte detechon limts and non- 
detect results were compared with PRGs based on WRW target nsks of 1E-05 and an HQ of 
1 0 on a record-by-record basis All results were less than one half the PRG value Adequate 
sensitivity was therefore achleved 

Summary 

Data quanhty and quality are acceptable for nsk assessment purposes, with the qualificahons 
given, and based on the V&V cnteria cited 

2.1.2 Power Calculations 

Sampling power was evaluated to statrstically detemne whether sufficient samples were 
collected to adequately charactenze analyte concentrahons withm the AOC to support nsk 
assessment In other words, given the estimate of the average analyte concentrahon and 
observed vmance, it was detemned whether the number of samples was adequate to 
identify an exceedance of ALs for the WRW at the 95% level of confidence It was assumed 
that samples were collected independently across the AOC for all sampled medla, including 
liner matenal, surface soil, and subsurface soil All PCOCs found to be above screemng nsk 
levels were evaluated 

9 
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Three methodologies were used to conduct power calculahons that are specific to the type of 
concentration distnbutions observed 

Parametnc EPA (1 994) QNG-4 Report for normally distnbuted results 

Lognormal Gilbert (1987) Equation 13 23 for lognormally distnbuted results 

Non-parametnc Nuclear Regulatory Comss ion  (NRC) et al (1997) Mulh-Agency 
Radiological Survey and Site Investigation Manual (MARSSIM) Report 55 5 2 3 for non- 
parametric distnbutions 

The QNG-4 model (EPA 1994) was used to assess normally distnbuted analyte data and 
evaluate sample adequacy Gilbert equahon 13 23 (1987) was used to eshmate numbers of 
required samples for all analytes with lognormal distnbuhons The MARSSIM model (NRC 
et al 1997) was used for all analytes with ob!erved non-parametnc distnbubons All three 
models were used to denve esbmates of the averages and vmances requued to calculate the 
95% upper confidence limts of the mean concentrahons (95UCLs) Non-parametnc 
esbmates were denved from the resampling Bootstrap methodology (EPA 1997% EPA 
2001a, EPA 2002a) 

Relative errors were denved pnmmly from the dlfference between the PRG or AL and the 
mean Secondary relative errors were detemned based on the difference between the PRG 
and the upper 95% confidence limt of the mean A target nsk of 1E-05 and HQ of 1 0 were 
used to select the appropnate PRGs to denve relative errors Relahve errors denved f'rom 
average and 95UCLs were used to bound sampling errors due to inherent heterogeneity of 
analytes in soil and liner matenals to predict the number of samples requred 

Statistical teshng for dlstnbutions was conducted at the 95% confidence level using EPA 
QNG-9 gwdance and the associated DataQuest software (EPA 2OOOa) Graphcal output 
was also evaluated, including hstograms and frequency distnbuuons Secbon 2 3 5 presents 
a detaded evaluation of distnbubonal testing for all PCOCs Secbon 2 3 3 presents results of 
the compmson of analyte maximum concentrahons to PRGs 

Liner Material 

Radiological results appeared to be lognormal with leptokwc, skewed-nght distnbutions 
clustenng about zero However, statistical teshng did not confm lognormality for liner 
analytes due to limted sample size of n = 15 The non-parametnc MARSSIM method was 
therefore employed to evaluate sample power for liner analytes 

Power calculation results indicated that a sufficient number of samples were collected for all 
liner analytes The results indicated that the difference between the mean or 95UCL and the 
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respective PRGs is so great, that no addltional samples would have to be collected A value 
of 13 was obtamed for the MARSSIM test using the mean and 95UCLs, which is the default 
value when the relabve shft is greater than 3 0 Lognormal power calculations using the 
Gilbert equabon conducted for all liner analytes confirmed results of the non-parametnc 
analysis and also indicated that no addihonal samples would be required 

Surface Soil 

Sample sizes for surface soil analytes ranged from 60 to 73 All analytes had non-parametnc 
dstnbubons except amencium-24 1 and plutonium-239/240, which exhibited lognormal 
distnbutions Results of the MARSSIM power calculations indxated a default value of 13 
for all analytes in surface soil Lognormal power calculabons for amencium-241 and 
plutonium-239/240 with lognormal Qstnbutibns also inQcated that no addihonal samples 
would be required A predicted value for mencium-241 of two samples was obtamed for the 
95UCL and a value of one sample was obtamed for plutomum-239/240 Low results for 
lognormal analytes indicates that the means and upper 95% confidence levels are well below 
the respective PRGs and no addibonal samples would have to be collected 

Subsurface Soil 

Subsurface soil was evaluated for sample adequacy using normal, lognormal, and non- 
parametric power calculabons Actual sample sizes for subsurface soil analytes ranged from 
95 to 118 Iron was the only analyte with a normal dstnbuoon Amencium-241, plutonium- 
239/240, uranium-235, and urmum-234 were all assigned non-parametnc distnbutions due 
to the presence of negative data Uranium-238 and all other analytes had observed lognormal 
distnbutions 

A predicted sample size of one was obkuned for iron using the EPA QA/G-4 model All 
lognormal power calculabon results were also one All non-parametric power calculabon 
results were 13 Low results for normal and lognormal analytes indicated that mean and 
upper 95% confidence levels were well below the respecbve PRGs for the WRW Non- 
parametric results were all at the default of 13 when the relative dlfference over the standard 
deviation is greater than 3 0 Predlcted sample sizes for all subsurface soil analytes were 
therefore below the actual sample sizes collected at the SEP 

Based on the results of the power calculahons for all analytes in all SEP medla, it was 
concluded that a sufficient number of samples were collected from the AOC to adequately 
quantify risk at 95% probability 
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2.2 SEGREGATION OF SAMPLE23 BY MEDIA 

Ths  sectlon descnbes the samples collected by media, including pond liner, surface soil, and 
subsurface soil 

2.2.1 Liner Material 

A total of 15 pond liner matenal samples were collected in 1993 and 1995 These samples 
were analyzed for metals and rdonuclides Analyses for orgmcs were not requested 
because the liner matenals were made of asphalt Sampling locations for the collechon of 
pond liner matenals are shown on Figure 2 1 All ponds were sampled, except the 
southernmost B-Senes ponds However, all B-Senes ponds received simlar waste streams 
and contmnants 

The pond liner data were aggregated separately and assessed using surface sod pathways 
Separahon of liner matenals provided cnhcal information to nsk management to evaluate 
possible remediahon of this medium overlying surface soil No allowance was made for 
addihons of clean fill over the liners 

Four asphalt samples from Pond 207-C were collected and tested for RCRA toxicity 
charactenstm using the Toxicity Charactensbc Leachng Procedure (TCLP) Test Method 
13 11, specified by EPA in SW-846 (EPA 1996) Observed concentrahons of arsenic, 
banum, cadrmum, chromum, lead, mercury, selenium, and silver were well below regulatory 
limts Therefore, the SEP liner matenal were not classified as charactenshc hazardous 
waste and are not subject to regulation under RCRA, Code of Colorado Regulahons (CCR) 
1007-3, Subpart C 

2.2.2 Surface Soil 

Most surface soil samples were collected using the Rocky Flats Plant (RFP) method, in 
whch the top 2 inches (5 centimeters) of soil were collected in several locahons withm a plot 
and then composited Other samples were collected from the first interval of a borehole All 
samples having a beginning and endmg depth between 0 and 6 inches were retaned in the 
surface soil data set Surface soil for the ponds was considered to be w i h n  0 to 6 inches of 
soil below the liners The majonty of surface soil samples were collected from May through 
July 1994 The analybcal parameters vaned by location, but generally included metals, 
radionuclides, nitrates, volatile orgaruc compounds (VOCs), semvolatile organic compounds 
(SVOCs), pesticides, and polychonnated biphenyls (PCBs) Surface soil sampling locahons 
are shown on Figure 2 2 
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2.2.3 Subsurface Soil 

Subsurface soil samples were collected from October 1987 through November 1993 in 2-to- 
6-foot composites, dependmg on sampling locatlon However, samples collected for VOC 
analyses were not composited Laboratory analyses of subsurface soil samples generally 
included VOCs, SVOCs, metals, pestlcides, PCBs, and radionuclides Subsurface data were 
lvided into three categones (1) samples with beginning depths less than 6 feet and ending 
depths greater than 0 5 foot (Figure 2 3), (2) samples with beginning depths greater than 6 
feet (Figure 2 4), and (3) samples with no depth data in the database (Figure 2 5) Only 
samples with starhng depths less than six feet were used in the nsk assessment, because 
receptors are unldcely to come in contact with soil below six feet Subsurface data with no 
depths were not used due to the uncertamty of actual sample depth These data are dscussed 
in Sectlon 2 3 7 

Figure 2.1 Pond Liner Sampling Locahons 
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Figure 2.2 Surface Soil Sampling Locahons 

Figure 2.3 Subsurface Soil Sampling Locations (Beginning Depths Less Than 6 Feet) 
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Figure 2.4 Subsurface Soil Sampling Locations (Beginning Depths Greater Than 6 Feet) 

Figure 2.5 Subsurface Soil Sampling Locahons (No Depths) 
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Calcium 49 6 500-1,200 2,500 248,000 600 - 320,000 
Magnesium 1 3  80-420 65-1 10 6,500 300-<100,000 
Potassium 166 2,000-3,500 NA 8,3 10 1,900-63,000 
Sihcon 2 26 NA NA 11,300 150,000-440,000 
Sodium 0 7  500-2,400 NA 3,660 500-100,000 

2.3 SELECTION OF CONTAMINANTS OF CONCERN 

Samples withm the AOC for surface soil, subsurface soil, and liner matenal were selected for 
use in the nsk assessment The constituents in these m e l a  were the result of natural 
processes, precipitation or downwind depositton of particulates and aerosols from the solar 
ponds, anthropogenic background (including pond liner matenals), leakage of fluids from the 
solar ponds and surrounding lines, and accidental releases of site-specific chemcals All 
analytes listed in the Achon Levels and Standards Framework for Surface Water, Ground 
Water, and Soil (ALF) are considered PCOCs (DOE et al 1996) Summary mformatton for 
all PCOCs is presented in Appendix A, Tables A-13 through A-20 All sample results from 
the AOC were pooled for each melum and the COCs selected The procedure used to 
screen the data and select COCs is documented below and shown on Figure 2 6 

2.3.1 Essential Nutrients and Major Cations/Anions 

Essenttal nutnents with no toxlcity values in Integrated h s k  Informatton System (IRIS) or 
Health Effects Assessment Summary Tables (HEAST) were compared to recommended dady 
allowances (RDAs), recommended dady intakes (RDIs), adequate intakes (AIs) or upper 
limt (UL) dady nutrient intakes, in accordance with EPA guidance (EPA 1989) Results of 
this companson are shown in Table 2 3 

Table 2.3 Comparison of Daily Intakes and Daily Allowances for Essential Nutrients 
Without Toxicity Values' 
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All essenhal nutnents in Table 2 3 were elirmnated from further considerabon based on 
calculated maximum intakes well below the RDAs, RDIs, ALs, and ULs Maximum intakes 
were also well withm the range of background soil concentrabons However, all essenbal 
nutnents with toxicity values were taken through the COC selecbon process 

2.3.2 Data Aggregation and Calculation of Statistics 

Data aggregabon for the nsk assessment was performed in accordance with gudelines 
developed by CDPHE, EPA Region VIII, and DOE The SEP AOC was delineated on the 
basis of the spatial extent of potentml contarmnants and known lustoncal use The AOC 
encompasses the SEP and adjacent contammated soil (Figure 1 1) 

Sample concentrations for surface soil and the bermed soil surroundmg the SEP were 
aggregated Lmer sample data were aggregatkd separately from surface soil so that nsks 
could be esbmated for both me&a Subsurface soil data were aggregated for use in the nsk 
assessment for samples with beginning depths at less than 6 feet Summary stabsbcs were 
also generated for samples with beginning depths below 6 feet and for those records with no 
depth data These samples presented in Appendlx A were not used in the nsk assessment 

Summary stabstics were calculated for each data group, including detecbon frequency, mean 
contarmnant concentrabons, mrumum concentrations, maximum concentrations, and 
standard deviabon Summary statistics are presented in Appendix A, Tables A-13 through 
A-20 A summary of samples found to have mgular w t s  that were excluded from the nsk 
assessment is presented for each medium in Appendix A, Tables A 21 through A-23 The 
95UCL was only calculated for COCs Addlbonal detals on calculatmg the exposure 
concentrabons are provided in Section 3 0 

2.3.3 Comparison to PRGs 
PCOCs were screened relative to PRGs for the on-site WRW exposure scenmo set to a 1E- 
06 nsk level and an HQ of 0 1 (Appendx A, Tables A-13 through A-20) Th~s was done to 
ensure that cumulative effects of PCOCs will be taken into consideration to meet the worker 
target nsk lirmts of 1E-05 and HQ of 1 0 In addltion, if detecbon frequency was less than 5 
percent, a hot spot screen was conducted at 3E-05 nsk to ensure that hot spots were not 
present The draft WRW PRGs developed by CDPHE using the radionuclide soil acbon 
levels (RSALs) exposure assumptions and parameters were used for the screen (CDPHE 
2002) T h ~ s  is a conservative screen because the PRGs assumed indoor a r  exposure The 
SEP nsk assessment is also conservative because the WRW PRGs assumed conbnuous 
gamma exposure for the occupational WRW receptor Correction of the PRGs used in ths 
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Alummum 5 45 32500 73 72 
Arsenic 0 31 75 72 70 
Cadmum 0 135 382 73 43 
Chromum 0 47 120 73 71 
Manganese 1 1  7650 73 72 

nsk assessment for indoor a r  and contrnuous gamma exposures would lower the resulting 
nsk (see Sectron 3 0) 

99 14763 2 20 
97 2 17 3 46 
59 95 5 4 
97 15 1 7 95 
99 220 34 8 

Hexavalent chromum was deposited in the SEP However, it is unllkely that the chromum 
has remaned in the ondlzed state due to its instability in the soil environment The PRG 
value for chromum VI was used for conservatism in thls nsk assessment The maximum 
values observed from site samples, as reported in Appendix A, Tables A- 13 through A-20, 
were dlrectly compared to PRGs Those PCOCs with maximum concentrabons below the 
corresponding PRGs were elirmnated from further consideratron The data were also 
compiled for subsurface soil below 6 feet, so they may be compared to shallow subsurface 
soil PCOCs with maxlmum values above the PRGs are shown in Tables 2 4 through 2 7 

Table 2.4 PRG Screen Results for Surface Soil 
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Amencium-241 0 003 8 188 15 9 60% 
Uranium-235 0 018 0 27 15 10 67% 
Uranium-238 0 52 2 68 15 15 100% 

Table 2.5 PRG Screen Results for Liner Materials 

2 91 2 814 
0 236 1 1 4 4  
1 03 2 602 

[ Inorganics (mgfltg) I 

Table 2.6 PRG Screen Resultsfor Subsurface Soil Above 6 Feet 

Inorganics (mgkg) 
Alurmnum 2250 39100 102 102 100 14763 
Arsenic 0 295 15 5 103 97 94 2 17 
Banum 13 45 11600 102 101 99 1833 
Cadmum 01 547 97 29 30 95 5 
Chromum 3 8  56 9 102 102 1 0 0  15 1 
Iron 3210 31100 102 102 100  30660 
Manganese 43 6 1220 102 102 100 220 

2 65 
7 14 
6 33 
5 73 
3 77 
101 
5 55 
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Calculate PCOC Ctabstics 
Mcdn Vaxiinum SD n 

Percent ktccts 

PCOC Maximum > PRG? 

Yes 4 No 

L 

Figure 2 6 IHSS PCOC Screening Process 

20 



Human Health Risk Assessment for  the Solar Evaporation Ponds 
Rocky Flats Environmental Technology Site 

Final 
February 2003 

Table 2.7 PRG Screen Results for Subsurface Soil Below 6 feet 

Inorganics (mgkg) 

Alummum I 2160 I 42400 I 72 I 72 I 100 I 14763 I 2 872 
Arsenic 0 19 246 72 67 93 2 17 1 1  336 
Banum 9 7  4150 72 65 90 1833 2 264 
Iron 1060 50800 72 71 99 30660 1657 

Manganese 21 5 I 3140 I 72 72 I 100 I 220 I 14274 
Radionuclides (pCi/g) 

Uranium-235 -0 005 0 383 71 43 61 0 226 1 698 
Uranium238 0 19 9 29 132 128 97 1 03 8 987 

23.4 Frequency of Detection 

All contarmnants were evaluated for frequency of detection Rarely detected PCOCs with 
detection frequencies less than 5 percent and analytes with no detechons were screened 
relahve to three hmes the PRG at a nsk of 1E-05 to ensure that the detecbon lirmts were not 
set too hlgh to detect potenhally hazardous concentrahons present in hot spots 
Benzo(a)pyrene had a detechon frequency of 4 percent (one detect, Table 2 6) in subsurface 
soil from 0 5 to 6 0 feet Th~s R O C  will not be retamed because the ratio of the maximum 
detechon to the PRG at 1E-05 was less than 3, and the detechon frequency was less than 5 
percent Non-detected contarmnants were not observed in surface soil or liner matenal with 
elevated detection limts greater than screelung PRGs at 1E-06 or an HQ of 0 1 (Appendlx A, 
Tables A- 13 through A-20) 

2.3.5 Data Distribution Testing 

Distnbutional teshng was performed for all PCOCs detected in liner matenals, surface soil, 
and subsurface soil retamed following the PRG and frequency screens Testing was 
conducted following EPA guidance and EPA QNG-9 methods using the DataQuest Program 
(EPA 1992a, l996,2000a, 2002a) Data Quest includes six stahshcal tests for detemning 
data dlstnbuhons 

Shaplro-Wilk Test (S-W, test lirmted to n e 50, hlghly recommended), 

Filhbens Test (Fillibens, test limted to n e 100, lughly recommended), 
Coefficient of Vanahon Test (CV, only for quick rejechon of normality), 
Skewness and Kertosis Tests (SK, n > 50, limted testing power), 
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Studentrzed Range Test (S R , n < 1,O00, limtations for nonnormal data), and 

Geary Test (Geary, venfy with other test if n > 50, samples size > n = 100) 

Three pnmary tests recommended by EPA were selected to test data distnbutions The 
Shaplro Wilk W-Test was used when samples sizes were below n = 50 as recommended by 
EPA The Fillibens Test was used for sample sizes from n = 50 to 100 and the Gearys Test 
was used for samples sizes above n = 100 as recommended by EPA Distnbubon teshng 
results were evaluated and a final distnbution type of normal, lognormal, or non-parametnc 
was assigned to each PCOC in accordance with the UCL Method Flow Chart in the EPA 
guidance Calculatmg Exposure Point Concentratrons at Hazardous Waste Sites (EPA 2002a) 
The assigned dlstnbution was then used to quantify an appropnate upper 95UCL Test 
results were also compared to background dlstnbuhon test results to detemne the 
appropnate stahstical test to compare SEP data to background data 

Statrstical compmsons to background were conducted using a non-parametnc Mann- 
Whtney Rank Sum Test when SEP and background data had dlfferent assigned hstnbutions 
or were both non-parametnc, in other words, when distnbubons were not normally or 
lognormally dlstnbuted If SEP and background data had the same normal or lognormal 
dlstnbutions, then a Student’s T-Test was used to compare PCOCs to background 
Lognormal data were log-transformed pnor to conducting a standard T-Test Evaluation of 
95% lognormal confidence intervals for SEP and background data was also conducted 
Overlap of 95% confidence intervals indicated that SEP data were withm the range of natural 
background 

Liner Data Evaluation 

Due to the uncertamhes associated with small sample sizes of n = 15 for all liner analytes, 
specific distnbuhonal tesbng was not performed Maximum observed concentrahons for all 
liner analytes were, therefore, used to conservatmely quantify nsk rather than denve 95UCLs 
based on limted distnbutional informatron 

Surface Soil Data Evaluation 

Surface soil data ranging in sample size from 60 to 73 were evaluated for each PCOC with a 
maximum concentration above the WRW PRG and a frequency above 5 percent These 
PCOCs included alurmnum, arsenic, cadmum, chromum, manganese, amencium-24 1, 
plutonium-239/240, uranium-234, uranium-235, and uranium-238 In addltion, 
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Alumnum (73) 
Arsenic (72) 
Cadmum (73) 
Chromum (73) 
Manganese (73) 
Benzo(a)pyrene (67) 
Dibenz(a, h)anthracene 
(66) 

benzo(a)pyrene and &benzo(a,h)anthracene were evaluated All other PCOCs were 
elimnated in the PRG and frequency screens Table 2 8 piesents the dlstnbuhonal testing 
results 

No No NP 
No No NP 
No No NP 
No No NP 
No No NP 
No Yes Log 

No No NP 

All inorganic analyte data for surface soil were found to have non-parametnc dlstnbutions 
Benzo(a)pyrene was found to have a lognormal distnbuhon Amencium-24 1 and plutonium- 
239/240 were found to have lognormal Qstnbuhons All remamng radlonuchdes had non- 
parametric dlstnbutions Table 2 9 presents distnbuhonal teshng results for background 
surface soil analytes Background data &stnbuhons for inorgmc analytes correspondmg to 
SEP surface soil PCOCs were predomnantly normal, with the excepbon of cadmum with a 
non-parametnc hstnbuhon Background amencium-241 was also assigned a normal 
dlstnbuhon However, plutonium-239/240 ar$ uranium-235 were found to be lognormal and 
the remamng uranium isotopes were found to be non-parametnc 

Amencium-241(69) 
Plutonium-239 (60) 
Uranium-234 (72) 
Uranium-235 (70) 
Uranium-238 (7 1) 

Table 2.8 Summary of Distribution Testing for SEP Surface Soil PCOCs 

No Yes Log 
No Yes Log 
No No NP 
No No NP 
No No NP 
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Table 2.9 Summary of Distribution Testing for SEP Background Surface Soil 

NP = non-parametric distnbution 
Nor = n o d  distnbution 
Log = lognormal distnbution 
NA = not applicable, S-W Test limted to samples sizes less than 50 

Subsurface Soil Data Evaluation 

Subsurface soil sample results ranging in sample size from 95 to 1 18 were evaluated for 
distnbuhonal type, as shown m Table 2 10, for all PCOCs retamed in the PRG and frequency 
screens Inorgamcs were lognormally dstnbuted, with the excepbon of iron whlch exhibited 
a normal distnbuhon However, all radonuclides, with the excephon of uranium-238, were 
non-parametnc Uranium-238 exhlbited a lognormal distnbuhon Most ra&onuclides could 
not be evaluated for lognormality due to the presence of zero and negahve concentrahons and 
were assigned non-parametnc distnbuhons 
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Table 2.10 Summary of Distribution Testing for SEP Subsurface Soil PCOCs 

Plutonium-239 (98) No NA NC NA, NC NP 
Uranium-234 ( 1 18) NA No ’ NA NC NP 
Uranium-235 (99) NO NA NC NA,NC NP 
Uranium-238 ( 1 18) NA No NA Yes Log 

NA = Fillibens Test linuted to n < 100 and Gearys Test linuted to n > 100 
NC = not calculated due to zero and negative concentratlons 
NP = non-parametnc distnbution 
Log = lognormal distnbutlon 
NOR = normal distnbution 

Table 2 11 presents Ismbutional testmg results for background analytes correspondmg to 
PCOCs in SEP subsurface soil Alurmnum, arsenic, bmum, and cadmrum had lognormal 
lstnbutions for both background and SEP data All other background analytes in Table 2 11 
exlubited non-parametnc distnbutions Amencium-24 1, plutomum-239/240, and uramum- 
235 could not be log-transformed due to the presence of zero and negatwe concentrabons 

Subsurface sod PCOCs exhlbited more lognormal hstnbubons compared to surface soil 
PCOCs that were pnmanly non-parametnc ms could be due to the presence of 
contarmnahon mxed with background concentrations in surface media, as opposed to a 
predomnantly background population present in subsurface soil 
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Table 2.11 Summary of Distribution Testing for Background Subsurface Soil PCOCs' 

NA = Not applicable for n < 50 samples Shapuo-Wilk Test was conducted 
NC = not calculated due to zero and negative concentrations 
Np = non-parametnc distnbution 
Log = lognormal distnbution 

2.3.6 Statistical Comparison to Background 

Analfical results for metals and radionuclides above WRW PRGs in surface soil, subsurface 
soil, and liner matenal at the SEP were statistmlly compared to background concentratrons 
Background data were taken from DOE (1995b and 1993) for local surface and subsurface 
soil, respecwely Liner analyte data were not compared to background due to the limted 
sample size of n = 15 and the dfficulty in ascertuning the true distnbuhon All four liner 
PCOCs were therefore c m e d  into the nsk assessment without further screening 

Data dstnbution testing was discussed in Secbon 2 3 5 for all PCOCs retamed after the PRG 
screen for all SEP medla Stat is td  cornpanson of SEP media data to background data was 
conducted, based on dlstnbution testmg results, to ascertam the possible presence of SEP 
analyte concentrations above natural background If SEP media data and background data 
had different dstnbutions or both had non-parametnc dlstnbuoons, then a non-parametnc 
Mann-Whitney U-Test was used for the cornpanson If both background and SEP me&a data 
had normal or lognormal distnbutions, then a specific T-Test or a cornpanson of lognormal 
95% confidence intervals were used, respechvely When necessary, lognormal data were log- 
transformed pnor to conductmg a T-Test A cornpanson of lognormal 95% confidence 
intervals for SEP analyte data to background data was conducted to evaluate whether SEP 
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data were withm the range of background However, thls test was not considered conclusive 
and was used in conjunction with the Mann-Whltney U-Test and the T-Test to screen PCOCs 
in the background companson screen The non-parametnc Mann-Whtney U-Test and T- 
Tests were used to test for drfferences between the medrans and means of two independent 
samples with an Alternahve Hypothesis SEP > Background, p-value = 0 05 

Statistical testing versus background was performed for all PCOCs with m m u m  
concentrahons above PRGs as shown in Tables 2 4 through 2 6 Comparative statishcs were 
run, using the Excelm add-in program Analyze-itm, for the AOC and background data for 
each analyte and medium (Appenlx A) A box plot compmson was completed to visually 
compare each p i u  of populahons Detailed stahshcal results and box plots are shown in 
Appendix A, Tables A-24 through A-79 Results of the stahstml companson to background 
are summanzed in Table 2 12 and drscussed below All retained PCOCs are in boldface in 
Table 2 13 

Liner Material: All liner PCOCs includmg chromum, amencium-24 1, plutonium-239/240, 
and urmum-238 were not compared to background and retained in the final nsk assessment 
as shown in Table 2 13 Retenhon of all liner PCOCs is considered conservahve because 
non-parametnc testmg indicated that chromum and uranium-238 would be elimnated 

Surface Soil: All PCOCs from SEP surface soil were evaluated and found to either have 
different drstnbuhons relahve to background bstnbuhons or were both non-parametnc 
(Section 2 3 5) The only excephon to ths  observation was plutomum-239/240, whch had 
lognormal dstnbuhons for SEP and background data Therefore, with the excephon of 
plutonium-239/240, all statistml compmsons to background were conducted using the non- 
parametric Mann-Whltney U-Test 

Alumnum, arsenic, and manganese were detemned to be significantly less than background 
at the 0 05 level of significance and were therefore elimmated from further consideration as 

PCOCs (Table 2 13) The lognormal 95% confidence interval for plutomum-239/240 from 
the SEP (3 3-16 5 pCdg) was calculated and found to exceed the lognormal confidence 
interval for background (0 035-0 043 pCdg), as shown in Table 2 13 Cadmum, chromum, 
and all radionuclides were retamed as PCOCs as shown in Table 2 13 A T-Test was also 
conducted on the log-transformed data for plutonium-239/240 and found to be significant at 
the 0 05 level of sipficance (PcO OOO1) 

Subsurface Soils: In general, SEP subsurface soil analytes were found to have non- 
parametric or lognormal data distnbutions that were simlar to background distnbubons 
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Americium-241 
Uranium-235 
Uranium-238 

Chromum, iron, and manganese were detemned to be less than or equal to background 
using the Mann-Wlutney U-test and will not be considered further Alumnum, arsemc, 
bmum, and c h u m  all exhlbited lognormal &stnbutions for both SEP subsurface soil and 
background soil data The lognormal 95% confidence intervals for SEP subsurface soil and 
background data for these four analytes are listed in Table 2 12 

15 50 0.001 Yes 
15 20 (0.0003) Yes 
15 20 0.0966 YeS 

Table 2.12 Lognormal Confidence Intervals for Subsurface Analytes 

~ 

Surface Soil 

Alumnum I 73 I 20 I 0 541 I NO 

I Cadmum 3 6 to 9 6-- I 054toO72 I 

Arsenic 
Cadmium 

I Bmum I 102 td 138 I 852to107 I 

72 20 lo00 No 
73 20 O.OOO9 YeS 

~ 

Table 2.13 Statistical Comparison of SEP and Background Data 

Chromium 
Manganese 

Liner Materials 
Chromium I 15 I 20 I 0.1118 I YeS 

73 20 0.0017 YeS 

73 20 0 9932 No 
Amencium-241 
Plutonium-239/240 

69 50 CO.0001 YeS 

60 50 (0.Oool) YeS 

Uranium-234 
Uranium-235 

71 20 0.0002 YeS 

71 20 0.0028 YeS 

Uranium-238 I 72 I 20 I 0.0014 YeS 

Alumnum 
Arsenic 
Banum 
Cadmium 

~ 

102 98 (0 199) No 
103 99 (0.0012) YeS 

102 99 (0 073) No 
97 81 (O.Ooo1) YeS 
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Chromum 
Iron 
Manganese 

102 99 0 5645 No 
102 99 0 9470 No 
102 99 0 6043 No 

Americium-241 
Plutonium-239/240 

95 28 4.0oO1 YeS 

98 99 4.OOO1 YeS 

I Uranium-238 I 118 I 99 I <o.OoOl I YeS 1 
(a) Statlstlcal results are presented for the U-Test unless in parenthesis for the T-Test using log- 
transformed data 

Uranium-234 
Uranium-235 

The Mann-Whitney Rank Sum Test was used unless a T-Test was conducted on log-transformed 
data as shown for all results in parentheses 
Liner matenal was compared to surface soil background levels 

118 99 4.0oOl YeS 

99 99 4.0oO1 YeS 

The 95% confidence intervals overlapped and supported the decision to ehmnate alumnum, 
arsenic, and banurn as PCOCs However, the 95% confidence intervals for cadrmum from 
the SEP were found to exceed the correspondmg background interval T-tests were also 
conducted for these four analytes using log-transformed data Results are shown in Table 
2 12 and indlcated that alurmnum ( P a  199) and banum (P= 0 073) were less than 
background at the 95% confidence level The non-parametnc Mann-Whltney test results also 
indicated that alumnum (P=O 1594) and banum (P=O 0677) were less than background at the 
95% confidence level (Table 2 12) Alumnum and banum were therefore elimnated from 
further considerahon as PCOCs 

However, arsemc was significantly lugher than background with a T-Test evaluation of log- 
transformed data ( P a  0012) and the non-parametric Mann-Wtney U-Test (P=O 0003) 
Arsenic was therefore retamed as a PCOC 

Cadmum was also evaluated with a T-Test using log-transformed data from the SEP and 
found to be significantly greater than background at the 0 05 level of sipficance 
(PcO 0o01) Cadmmm was therefore retamed as a PCOC All ra&onuclides were also 
retamed based on significant results greater than background using the non-parametric Mann- 
Whtney U-Test 
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2.3.7 Application of Professional Judgement 

The possible elimnabon of lbenzo(a,h)anthracene and benzo(a)pyrene in SEP surface soil 
and arsenic in subsurface soil was evaluated in ths  sechon Dibenzo(a,h)anthracene and 
benzo(a)pyrene are members of the group of ubiquitous polyaromabc hydrocarbons that 
occur due to combushon, in engine exhaust and asphalt There is no informahon suggesting 
that either compound was released due to activities at the SEP site There is no pattern of 
contarmnation that suggests these compounds are a result of a waste release, therefore, 
lbenzo(a,h)anthracene and benzo(a)pyrene are not considered COCs 

Maximum concentrabons for lbenzo(a,h)anthracene and benzo(a)pyrene in surface soil are 
above the PRG screening levels for the WRW (Table 2 3) However, Table A-2 (Appenlx 
A) shows that there were no unqualified detections, 9 “J” esomated detections, and 57 “U” 
non-detecbons for dibenzo(a,h)anthracene All eshmated concentrabons for 
dibenzo(a,h)anthracene were below their respective detecbon limts Benzo(a)pyrene had 5 
unqualified detections, 32 “J” results below the detection limt, and 30 “U” nondetections 
All estimated concentrations for benzo(a)pyrene were below their respechve detection limts 

0 

9 
f 

Figure 2.7 Box Plots 

Figure 2 7 shows the box plots for these compounds 
The plot for benzo(a)pyrene suggests that a single ht 
above detection limts was observed 

The WRW PRG at 1E-06 for lbenzo(a,h)anthracene 
is 0 348 mgkg The detection limt ranged from 
0 330 to 0 740 mg/kg, with a mean of 0 413 mgkg 
The nine J-qualified (estimated) values were below 
the detechon limt and ranged from 0 038 to 0 21 
mgkg The estimated values are all well below the 
PRG 

The WRW PRG at 1E-06 for benzo(a)pyrene is 
0 348 mgkg The detechon limt ranged from 0 330 
to 0 740 m a g ,  with a mean of 0 41 1 mg/kg The 
five detections ranged from 0 47 to 1 7 mgkg The 

95UCL for benzo(a)pyrene, calculated using the bootstrap methodology discussed in Sechon 
3 0, is 0 290 mgkg, whch is also well below the PRG 
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Arsenic was detemned to be significantly greater than background at the a lphas  05 level in 
the 0 5-to-6-foot layer of subsurface soil using the non-parametnc Mann-Whltney Test and 
an independent T-Test on log-transformed data A compmson of the 95% lognormal 
confidence intervals indicated the populations are the same Figure A-55 (Appendlx A) 
shows that the SEP results are all well below the maximum background result of 41 8 mgkg 
The maximum SEP arsemc concentration was 15 5 mgkg The range for surficial soil of the 
western United States is 0 1 to 97 mgkg with a geometrrc mean of 5 5 mgkg and an 
mthmehc mean of 7 mgkg (Shacklette and Boerngen 1984) The mthmehc means for 
subsurface soil in the SEP AOC and background are 4 7 and 3 6 mg/kg, respechvely Both 
are below the geometnc and mthmehc means for western U S soil The mthmehc 95UCLs 
are 5 3 mgkg for the SEP and 4 9 mgkg for background The lognormal 95UCLs are 5 9 
mg/kg for the AOC and 4 5 for background h e n i c  concentrahons in surface soil and liner 
matenals were below background levels The arsenic concentrahons in subsurface sod are 
considered to be well withm the natural vmauon in soil and, as such, arsemc wlll not be 
carned forward as a COC 

2.3.8 Excluded Data 

The following data were specifically excluded from the nsk assessment 

Subsurface soil data with beginning depths greater than 6 feet (Appendx A, Tables A-9 

Soil data with null depth fields (Appendx A, Tables A-12, A-16, and A-20), 
Data for all m e l a  that had megular umts (Appenlx A, Tables A-21 through A-23), 

Data for compounds not included on the ALF list of analytes, and 

Data without EPA toxicity values 

through A-1 1, A-14, and A18), 

These excluded data are presented in Appendix C 

Summary statishcs for data from greater than 6 feet (Appendx A, Table A-15) show that 
maximum values for alurmnum, arsenic, iron, and manganese were hlgher than in data from 
less than 6 feet It is likely that h s  is due to geologic and soil weathenng processes, because 
these increases include the major soil constituents alurmnum, iron, and, manganese The 
maximum for arsenic increases from 15 5 to 24 6 mgkg Both arsenic concentrahons are 
much lower than the subsurface background maximum of 41 8 m a g  No organics in the 
greater-thand-foot data set had values greater than their respechve PRGs 
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Amencmm-24 1 
Plu tonium-239/240 
Uranium-234 
Uranmm-238 

Data with null depth fields were from only two locations (Figure 2 5) and included only 
organic analytes No maximum values for these data exceeded PRGs 

14596- 10-2 69 100 
10-12-8 60 100 
1 1-08-5 71 100 

7440-6 1 - 1 72 100 

The third type of data excluded from the assessment were data with irregular units Rather 
than make changes to the units without clearjustificabon, it was decided to censor the data 
In other words, it was not possible to definitively correct the number or the associated units 
in each specific case However, excluded data dld not include any significantly lugh values 
(Appendix A, Tables A-21 through A-23) 

Uranium-235 I 15117-96-1 I 71 I 76 
Subsurface Soil 

Cadmum 7440-43-9 97 30 
Amencmm-24 1 14596-10-2 95 86 

Only compounds listed in ALF were included in the nsk assessment per agreement with the 
regulatory agencies (DOE et al 1996) All analytes listed in ALF have toxicity factors 
Appenlx A, Tables A-2 15 through A-2 17 list those analytes with no PRGs in ALF that 
were detected in liner matenals, surface soil, b d  subsurface soil Most analytes without 
PRGs were essenbal nutnents, radtonuclides without any documented site use, or organics 
with no lustoncal on-site use In addlbon, thallium and btanium were detected but have no 
PRGs or any known lustory of release at the site 

2.3.9 Final Contaminants of Concern 

Final COCs were selected for all SEP medla based on previously dlscussed informabon, data 
evaluahons, and screening processes Results of the COC screemng for inorganics, organics, 
and radtonuclides present in liner matenals, surface soil, and subsurface soil are summanzed 
in Table 2 14 Final COCs were retamed in the quanbtative nsk assessment to quanbfy 
potential impacts to receptors for each exposure scenmo 

Table 2.14 Final Selected COC 

I Surface Soil I 
ICadrmum I 7440-43-9 I 73 I 59 
IChromum I 7440-47-3 I 73 1 97 
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Uranium-234 
Uranium-235 
Uranium-238 

IPlutonium-239/240 I 10-12-8 I 98 I 83 I 
11-08-5 236 50 

151 17-96-1 99 72 
7440-6 1 - 1 118 97 

Chromum 
Amencium-24 1 
Uranium-235 
Uranium-238 

I Liner Materials I 
7440-47-3 15 100 
14596-10-2 15 60 
151 17-96-1 15 67 
7440-61-1 15 100 

Selected COCs in liner matenals were chrormum, amencium-241, uranium-235, and 
urmum-238 Rdonuclides detected in liner matenals generally had lower achvihes 
compared to surface and subsurface soil Selected COCs rn surface soil were cadmum, 
chromum, amencium-24 1, plutonium-239/240, urmum-234, urmum-235, and uramum- 
238 Selected COCs in subsurface soil were cadmum, amencium-241, plutomum-239/240, 
uranium-234, uranium-235, and uranium-238 All radionuclides were therefore selected for 
both surface and subsurface soil 

3.0 EXPOSURE ASSESSMENT 

Thls sechon hscusses exposure scenanos evaluated in the nsk assessment and presents 
exposure point concentrations calculated for each COC in each exposure mehum and 
exposure area The methodology and exposure parameters used to quanhfy contanant  
mtake for each exposure pathway are also presented 

3.1 FUTURE ON-SITE LAND USE 

Future on-site land use at RFETS includes envlronmental restoration, decontammahon and 
decomrmssioning, and transfer of junsdction to the U S Fish and Wildlife Service for use as 

a wildlife refuge, in accordance with the Rocky Hats Nahonal Wildlife Refuge Act of 2001 
The federal government will be responsible for conducting future environmental momtonng 
achvihes at the Site The refuge is currently envisioned to have mmmal mantenance 
following remediation, however, refuge workers are assumed to be present on-site for most 
of the year and engaged in refuge mamtenance and ecological work achvities Residenhal 
development is not considered a foreseeable or reasonable future land use scenmo and was 
excluded from the risk assessment 
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3.2 EXPOSURE PATHWAYS AND RECEPTORS 

A complete exposure pathway requires a chemcal source, chermcal release mechanism, 
environmental transport medmm, exposure point, and human intake route If one of these 
elements is laclung, the pathway is incomplete and human exposures will not occur 
Exposure to groundwater is an example of an incomplete pathway for the WRW because 
there is no human intake of contarmnants Incomplete pathways were therefore not evaluated 
in the nsk assessment Exposure pathways selected for quanhtahve evaluahon in the risk 
assessment are listed below 

3.2.1 Future On-Site WRW 

The WRW will be pnmmly exposed to incidental ingeshon of surface water, soil, and 
sediments, inhalahon of volatiles and particuiates, and external exposure to beta and gamma 
rahation from rahonuclides present in surface soil The worker will also be exposed to 
subsurface matenals dmng limted digging activihes and dermal contact with surface and 
subsurface soil 

The exposure scenmo assumes that the WRW will be located in an office on an 

uncontarmnated site 50 percent of each day dmng a standard work week of 5 days per week 
The remaning time on site will be spent outdoors across the Site It is assumed that thls 
receptor will be exposed to residual contmnants in the IA, as well as all other on-site 
locations following remehahon The WRW will conduct some percentage of field work that 
will result in exposure to residual contammated surface soil, subsurface soil, sediments, and 
surface water 

Figure 3 1 shows the Site conceptual model of potential human exposure pathways for the 
WRW The model is a schematic representahon of the contarmnant sources, contmnant 
release mechanisms, environmental transport medla, and human exposure pathways for the 
SEP Ths model idenhfies complete exposure pathways that will be evaluated for 
quanhtatlve nsk assessment, as well as those pathways that are incomplete or do not warrant 
quanhtahve assessment because they would not contnbute measurably to the esbmate of 
overall nsk 

3.2.2 Significant Exposure Pathways 

Several exposure pathways were considered significant and used to quanhfy nsk to the 
WRW Incidental ingeshon of surface water and sediments are not complete pathways 
withm the AOC, but were included to eshmate all sources of intake for the WRW from the 

34 



Human Health Risk Assessment for  the Solar Evaporation Ponds 
Rocky Flats Environmental Technology Site 

Final 
February 2003 

general area surrounding the SEP Groundwater transport pathways were not evaluated 
because an existing barner system is 111 place to intercept groundwater contarmnants pnor to 
contact with surface water 

Inhalation of liner matenals, 

External radiation exposure 

Inhalabon of arborne surface soil pamculates, 

Incidental ingesbon of surface soils, 

Incidental ingesbon of subsurface soils, 
Dermal exposure to surface soils, 
Dermal exposure to subsurface soils, and 

3.2.3 Insignificant Exposure Pathways 

The following exposure pathways are incomplete for the SEP AOC, and were not 
quantitatively addressed in ths  nsk assessment 

Ingesbon of fish in RFETS surface water Surface water is not present at the SEP and on- 
site fishng is prohbited 
Ingesuon of livestock Beef ingesbon will not occur under the wildlife refuge land use 
Groundwater ingestion Shallow groundwater is not sufficiently producbve for domestrc 
well producbon 

Inhalabon of VOCs released to outdoor sur through volablizabon from the soil VOCs 
were not identdied as COCs durrng the selecbon process for the SEP 
Ingesbon of homegrown produce Gardening will not occur under the wildlife refuge land 
use 

Dermal contact with surface water and sediments Dermal exposure pathways are 
considered complete for other areas of RFETS, but are not siguficant withn the AOC 
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3.3 EXPOSURE SCENARIOS 

The WRW exposure scenano was used in thls nsk assessment based on idenbfication of 
likely long-term on-site land use, potential receptors, and the site conceptual model The site 
conceptual model (Figure 3 1) includes surface exposure via inhalation, ingestion, dermal 
contact, external radiation exposure, and exposure to ingestion of potenhally contammated 
surface water resulbng from sedlment and groundwater transport Off-site receptors were not 
evaluated in thls nsk assessment, but will be addressed in the CRA that will evaluate 
potential cumulahve impacts to off-site receptors from all sources of contammabon Specific 
scenano parameters used in this nsk assessment are listed in Tables 3 1 and 3 2 Exposure 
parameters and assnmpbons are simlar to the RSALs Task 3 Report with the excephons 
discussed below (DOE 2002a) 

The WRW scenano has no indoor exposure component Th~s is consistent with statements 
by DOE and the U S Fish and Wildlife Service that no office buildings will be built in 
contammated areas It is assumed that workers will spend 50 percent of their on-site 8-hour 
work day outdoors The other 50 percent of their work day will be spent in an office in an 
uncontammated area Select WRW exposure vanables are descnbed as follows 

Table 3.1 Surface Soil Exposure Factors for the Wildlife Refuge Worker 

Area waghting factor-@ liners 

RSALS Task 3 Report 

No buildmg 

AOCarea/EUarea 

EPA default of 250 days nunus 20 days for subsurface 
exposure 
RSALs Task 3 Report 

Umt COmchon 

70 yr x 365 daydyr 

187yrx365daydyr 

RSAIs Task 3 Report 

50th paccntlle of RSALS distnbuhon 

l M L  

EPA default 

EF’A 2001 

EPA 1997b 

SEP d A O C  area 

Surface soil d A O C  area 
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Gamma exposure factor (annual) EF/365 ulutless 0 63 EF/365 

Gamma exposure factor (da~ly) ET/24 ulutless 0 17 ETD4 per RAGS Part B (EPA 1993) 
I I I I 

Gamma shielding factor (1 -se) ulutless 1 EPA 1993 I 
Table 3.2 Subsurface Soil Exposure Factors for the Wildlife Refuge Worker 

Exposuretlmeoutdoors ET hdday 4 RSALS Task 3 Report 

Area Use Factor AUF ulutless 1 AOCamVEUarea 

Exposure frequency EF day/yr 20 WRWs in Rocky Mountam Arsenal (RMA) survey, 

Exposure dumon ED Yr 18 7 RSALS Task 3 Report 
1990 

Unit correchon 

70 yr x 365 daydyr 

18 7 yr x 365 daydyr 

I RSALs Task 3 

150th peru!nhle of RSAL distnbuhon 

I llML 
EPA default 

EPA 2001 

EPA 1997b 

EF/365 

ETD4 per RAGS Part B (EPA 1993) 

Gamma shielding factor 1 IEPA, 1993 

By agreement with the regulatory agencies, an area use factor (AUF) of 1 was assumed for the 
WRW in the SEP nsk assessment The AUF is the rauo of the AOC to the entire anticipated 
EU that the WRW will actually use The area for the AOC is 33 3 acres EUs could be as large 
as 400 to 500 acres The nsk assessment therefore assumes that the WRW wdl be present 
withm the 33 3-acre AOC 100 percent of the time Ths assumpOon is conservatwe because the 
WRW is expected to use a much larger on-site area The AUF can significantly affect nsk 
estimates Alternative nsk calculabons using more realistic AUF assumphons are presented in 
Sechon 5 3 Fbk managers can use the uncertamty discussion in the decision-makmg process 

A central tendency 50th percentde mass loadmg (ML) value was used to eshmate nsk via the 
inhalabon exposure pathway over the 18 7-year exposure penod The RSALs Task 3 
calculations used an upper 95th percentile value The site average annual ML from CDPHE 
monitonng data is 11 8 rmcrograms per cubic meter (pg/m3) The 95th percentde value taken 
from the RSALs Task 3 is 67 pg/m3 T h ~ s  estimate was denved from an empincal hstnbuuon 
assurmng on-site prame fires and is a factor of six hlgher than annual averages based on 6 
years of monitoring data Therefore, the 50th percentile value of 21 2 pg/m3 from the Task 3 
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distnbution was chosen for t h s  nsk assessment Alternative nsk estimates are presented in 
Section 5 3, inclulng all three ML eshmates for use by nsk managers 

The ML factor for surface soil was used for subsurface exposures because the WRW is 
expected to have small excavations such as posthole digging or trad improvement Thls is a 
reasonable estimate of the ML for subsurface soil exposure The area weighhng factor (AWF) 
was based on the surficial area of the AOC covered by the liners and surface soil The WRWs’ 
exposure to the liner matenals and surface soils will be proportional to the area covered by 
each melum Use of the AWF allows the appomonment of nsk between the soil and liners 
This informahon will be helpful to the nsk managers in makmg informed decisions regarding 
possible remelation If the AWF is not used, it must be assumed that the WRWs will spend 
100 percent of their time on the soil and 100 percent on the liners, whch is not possible. The 
area of the AOC is 33 3 acres, and the areas of the surface soil and liners are 27 2 and 6 1 
acres, respechvely The AWF for surface soil is therefore 27 2/33 3 = 0 8 17, and the AWF for 
the liner is 6 1/33 3 = 0 183 These values were rounded to 0 8 and 0 2, respectively, for the 
nsk assessment (Table 3 1) 
The value for the dady gamma-exposure hme factor, often abbreviated as Te-d, was calculated 
as exposure bme (ET)/24, based on EPA Soil Screerung guidance (EPA 2000b) In revisions 
to Chapter 4 of fisk Assessment Gurdance for Superfund (RAGS) Part B (EPA 2001a), a 
weighted soil dermal adherence factor (AF-d) of 0 1 was used Thls was based on the upper 
95% value for a groundskeeper and the geometnc mean for a commercial gardener 

3.4 EXPOSURE POINT CONCENTRATIONS 

The exposure point concentration of a COC in a sampled medium is quanhfied using the 
95UCL on the mthmetic mean The mthmetic mean is a statishcally robust eshmator, even 
when normality assumptions are not met (Gilbert 1987) The 95UCL on the mean is a 
conservatwe eshmate of the average concentrahon to whch people would be exposed over 
ume in the exposure area If the maximum detected COC value is below the 95UCL, the 
maximum concentrahon is usually used as the exposure point concentrahon When data 
distrrbutions were demonstrated to be lognormal, an mthmeuc mean and 95UCL were 
calculated using log-transformed data When distnbuhons were found to be neither normal 
nor lognormal, a non-parametnc 95UCL was calculated 

Guidance and literature for calculahng exposure point concentrations were reviewed A 
Bootstrap non-parametnc, probabilistic resampling methodology was adopted for ths’ nsk 
assessment to detemne when observed data were not normally or lognormally hstnbuted 
A normal Bootstrap program was used to denve all mean and vmance eshmates The 
Bootstrap method has been used to calculate concentration terms for esbmahng nsk, as 
presented in EPA guidance, Calculating Exposure Point Concentrahons at Hazardous Waste 
Sites (EPA 2002a) l h s  non-parametrrc method was selected because many SEP data sets 
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have unknown distnbutions In addihon, lognormal Qstnbuhons for rahonuclides have 
inherent technical dlfficulhes due to zero and negahve concentrations and large vmances 

The commercially avlulable stabshcs program S-Plus’” was used for all Bootstrap 
calculations Th~s technique avoids difficulties associated with empincally detemmng the 
shape of the observed dlstnbution because it has no dlstnbubonal assumptions Resampling 
techniques provide esbmates of the mean and vmance for any distnbubon regardless of the 
specific shape The method is dlscussed in detlul in Appendix D of EPA’s Process for 
Conduchng Probabilistic Rsk Assessment (1999) It has been shown that Bootstrap methods 
‘‘ 

95UCL of the mean from positively skewed data sets ” than other methods (EPA 1999) 
Estimates denved for t h s  nsk assessment were developed using 1 ,OOO resampling events 
Use of 1 ,O00 iterations was demonstrated to be sufficient in eshmahng the mean and 
associated vmance The effect of conduchng a greater number of iterahons is hscussed in 
Section 5 3 

perform substantially better, somehmes orders of magmtude better, in esQmahng the 

Distnbuhons for all PCOCs were hscussed in Sechon 2 3 5 Most surface soil PCOCs had 
non-parametnc distnbuhons However, most non-radiological subsurface soil dlstnbutions 
were lognormal All PCOCs were compared to background by using the appropnate test 
based on evaluahon of both SEP and background distnbutions Following the background 
compmson and professional judgement screens, final COCs were selected to quanhfy the 
nsk to the WRW Some COCs had lognormal hstnbuhons and UCLs were calculated based 
on standard lognormal stahstml methods (Gilbert 1987, EPA 2002a) Statishcal testmg of 
final COC dstnbuhons showed that many are actually neither normal nor lognormal and 
non-parametnc methods were appropnate (EPA 2002) Maximum observed detected 
concentrahons were used as exposure point concentrahons for all liner COCs due to lirmted 
sample sizes of n = 15 

Exposure point concentrahons for COCs in surface soil, liner matenals, and subsurface soil 
are presented in Table 3 3 The exposure concentrations in surface soil were used to estimate 
WRW nsks associated with soil ingeshon, inhalahon of particulates, external irradiahon, and 
dermal contact Subsurface soil concentrations were used to esbmate nsks as a result of 
lgging activihes 

All analytes detected in excess of screening PRGs in liner matenals were retamed as final 
COCs due to the limted ability to detemne dstnbubons and conduct statishcal compmsons 
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to background with a sample size of 15 However, 15 samples were detemned to be 
adequate to support the nsk assessment 

Table 3 3  Exposure Point Concentrations * 

a The 95UCL was used as the exposure point concentration for all COCs, except for the pond liner 
COCs, for which the maximum observed detechon was used 
b Eshmates of the mean are from normal statistics for liner COCs, Bootstrap values for COCs with 
non-parametnc distnbutions, and geometnc means for COCs with lognormal distnbuhons 
c The 95UCL concentrahons for mneral uranium were calculated from the 95UCL for the isotopes 
Boldface values were used in the nsk assessment 
NP = non-parametnc distnbution 
Log = Lognormal distnbuhon 

Most COCs in surface soil had non-parametnc dmtnbutions and therefore these UCLs were 
calculated using the non-parametnc Bootstrap method However, amencium-24 1 and 
plutonium-239/240 both had lognormal distnbutions and lognormal 95UCLs were calculated 
using log-transformed data for these two radionuclides Upper 95% confidence lirmt 
95UCLs of 16 5 and 34 2 pCdg were obtaned for plutonium-239/240 and amencium-241, 
respectively Both lognormal 95UCLs were below maximum detected concentrahons 
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Final COCs in subsurface soil included cadmum, amencum-24 1, plutonium-239/240, 
uranium-234, uranium-235, and urmum-238 C h u m  and urmum-238 both exlubited 
lognormal distnbuhons and log-transformed data were used to denve 95UCLs of 9 6 mgkg 
and 2 1 pCdg, respechvely Both lognormal 95UCLs were well below maxlmum detected 
concentrations and were used to calculate nsk eshmates All other COCs in subsurface soil 
were radionuclides with non-parametnc dlstnbutions The Bootstrap method was used to 
denve UCL eshmates for COCs with non-parametnc distnbutions 

3.5 INTAKE CALCULATIONS 

Intake is a measure of exposure expressed as the mass of a substance in contact with the 
exchange boundary per umt body weight per unit bme (EPA 1989) Chemcal intake is 
expressed in terms of mlligrams (mg) of chekcal ingested, inhaled, or dermally absorbed 
per lulogram of body weight per day (mg/kg-day) Intake of rdonuclides is expressed in 
units of picocunes (pCi) total intake to the receptor Intakes are eshmated following EPA 
RAGS (1 989) and are based on reasonable esbmates of body weight, inhalation volume, 
ingestion rates, sod matnx effects, frequency and duration of exposure, and eshmated 
contarmnant concentrahons Exposure factors are presented in Tables 3 1 and 3 2 for 
workers exposed to surface and subsurface soil, respectively 

The general equahon for calculahng chemcal intake, in terms of mgkg-day, is 

Intake = (Chemical Concentration)(Contt Rate)(Exposure Frequency)(Exposure Duration) (Equation 3 1) 

(Body Weight)(Averagmg Time) 

With umts of 

mg/kg-day = (mglvolume or mass)(volume or mass/day)(day/year)(year)(kg)(day) 

Intake of radionuclides was calculated using equations simlar to those for calculating intake 
of chemcals Intake of radionuclides by either ingeshon or inhalahon is a funchon of 
radionuclide concentrahon, intake rate or the amount of potenhally contammated medium 
contacted per u t  hme or event, and exposure frequency and durahon However, for 
radlonuchdes, averaging hme and body weight are excluded from intake equahons 

Table 3 4 presents intake equations for each pathway evaluated in the nsk assessment The 
equations are based on standard EPA guidance Tables 3 5 and 3 6 present the chemcal 
intakes for all COCs, media, and exposure pathways 
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Table 3.4 Intake Equations for the WRW 

Inhalation Risk = CSs x IR-h x ET x ET0 x EF x ED x AWF x AUF x (l/PEF) x lo00 gkg x SFi 

Ingeshon Risk = CSs x IR-s x EF x ED x AWF x AUF x 0 001  g/mg x SFo 

Inhalation Risk = [(CSs x IR-h x ET x ET0 x EF x ED x AWF x AUF x (l/PEF))/(BW x ATc)] x SFinh 

Ingestlon Risk = [(CSs x IR-s x EF x ED x AWF x AUF x 0 OOOOO1 mg/kg)/(BW*ATc)] x SFo 

Dermal h s k =  [(CSs x EF x ED x AWFx AUFx EV x SA-s x AF-d x DAF x OOOOOO1 mg/kg)/(B W x ATc)] x SFo 

Inhalation HQ = (CSs x IR-h x ET x EF x ED x ET0 x AWF x AUF x (l/PEF))/(BW x ATn x RlDi) 
Ingestion HQ =(CSs x IR-s x ED x EF x AWF x AUF x 0 OOOOO1 mag)/( BW x ATn x RfDo) 

Dermal HQ = 
Abbreviation 

c s s  
I R A  
IR-S 
ET 
EF 
ED 
ETo 
EV 

AWF 
AUF 

EF/365 
ET/24 
PEF 
SA-s 
AF-d 
DAF 
SFinh 
SFo 
SFe 
BW 
ATc 
ATn 
RfDi 
RfDo 
ACF 

(1 - Se) 
a Based on the W 

:Ss x EF x ED x AWF x AUFx EV x SA-s 
Parametex 

Concentration in soil 
Hourly inhalahon rate 

Soil ingeshon rate 
Exposure hme 

Exposure frequency 
Exposure duration 

Exposure hme frachon, outdoors 
Events per day 

Area weighting factor 
Area use factor 

Gamma exposure factor (annual) 
Gamma exposure factor (daily) 
Site-specific PEF based on ML 

Surface area of exposed shn - soil 
Dermal adherance factor 

Dermal absorphon fraction 
Inhalation slope factor 

Oral slope factor 
External radiation slope factor 

Body weight 
Carcinogenic averaging time 

Noncarcinogenic Averaging Time 
Inhalation reference dose 
Inhalation reference dose 

Area correction factor 
Gamma shielding factor 

AF-d x DAF x 0 OOOOO1 mg/kg)/(BW x ATn x RfDo) 
Units I Comment 
mgflrg 
m 3 h  

mg/day 
hrlday 
day& 

Yr 
unitless 

evld 
unitless 
unitless 
unitless 
unitless 
m3kg 
cm2 

mg/cm2-ev 
unitless 

b 
b 
b 
kg 
day 
day 

(mgflrg-day 1 
mgflrg-day) 

unitless 
unitless 

Set to 1 

Set to 1 

Set to 1 
W scenano develoued by the RSALs Worhnn Group 

b Slope factors for inorganic and orgkic CbCs are in units of (mglkgday) 
Slope factors for radionuclide inhalatlon and ingestion exposures are in units of nsldpC1 
Slope factors for external exposures are in units of nsk/yr per pCdg 
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Uranium-235 

Uranium-238 

Table 3.5 Intakes for the WRW From Surface Soil and Liner Material 

2 56E-02 2 32Ei-01 NA 1 ME-01 NA 

2 54E-01 2 31E+02 NA 105E+OO NA 

I Carcinogenic Intakes From Surface Soil (mgkg-day) I 

Uranium-235 

Uranium238 I a I 144E-06 I 143E-09 I NA r m  
Radiation Intakes From Pond Liner (pCi or y-pCi/g) 

Amencium-24 1 I 776E-01 I 704E+02 I NA I 322E+oO I NA 

a No toxicity factor avadable for this exposure pathway 

NA not applicable 
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Cadmum 2 22E-10 a a NA 2 2E-10 

Table 3.6 Intakes for the WRW From Subsurface Soil and Liner Material 

I Carcinogenic Intakes From Subsurface Soil (rneg-day) I 

Radiahon Intakes From Subsurface Soil (pCi or y-pCi/g) 

Amencium-24 1 2 85E-02 2 59Ei-01 NA 118E-01 2 6 E 4 1  

Plutonium-239/240 4 96E-02 4 50Ei-01 NA 2 06E-01 4 5 E 4 1  

I I I I I I I 
a No toxicity factor available for this exposure pathway 

branium-234 I 150E-01 I 136E+02 I NA I 623E-01 I 1 4 E 4 2  I 
branium-235 I 632E-03 I 573E+00 I NA I 262E-02 I 57E+Oo I 

raniurn-238 8 8OE-02 7 98Ei-01 NA 3 65E-01 8 OE41 

a No toxicity factor available for this exposure pathway 

NA Not applicable 

4.0 TOXICITY ASSESSMENT 

Ths sechon descnbes toxicity factors that were combined with eshmated intakes of COCs to 
estimate the potential nsk associated with exposure Toxicity factors used in the nsk 
assessment are EPA-venfied or provisional carcinogemc slope factors (SFs), and non- 
carcinogenic reference doses (RfDs) or arr reference concentrations (RfCs) Toxicity factors 
for SEP final COCs are presented in Table 4 1 Toxicity factors for radionuclides were taken 
from Federal Guidance Report 13 

The pnncipal indices of toxicity for chemcals with non-carcinogenic effects are the oral RfD 
and inhalation RfD RfDs can be considered threshold doses or exposure levels At 
chermcal doses or exposures below threshold values, adverse effects are not expected to 
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occur RfDs incorporate a number of safety factors to ensure that they are health-protecbve 
for all human populations, including sensitive subgroups, such as chldren and the elderly 

Oral and inhalabon SFs are used to charactenze the potency of carcinogens A SF is a dose- 
response factor used to relate carcinogenic response to chemcal dose SFs are used to 
estimate the upper-bound probability of an individual developing cancer as a result of 
exposure to a potential carcinogen EPA policy assumes that carcinogenic responses have no 
threshold, and that any exposure to a carcinogen may result in some fimte cancer nsk at any 
dose, no matter how small (EPA 1989) 

SFs for radionuclides are denved based on radionuclide emssions and thelr relative 
biological damage to exposed hssues, residence hme of rdonuclides in vmous body bssues, 
and duration of exposure Radlonuclide dose'is calculated as a yearly intake followed by a 
50-year dose comrmtment penod SFs for radonuclides are presented for external exposure, 
inhalabon, and ingesbon of radloactive matenals Dermal exposure to rahonuclides was 
considered to be insipficant 

EPA assumes that any dose of a radlonuclide has the potenbal to produce carcinogemc 
effects in a linear, no threshold model However, EPA does not recommend the evaluation of 
non-carcinogenic effects for radionuclides because these impacts have been shown to be 
msignificant compared to carcinogemc effects at most Superfund sites (EPA 1989) The only 
excephon is uranium for whtch an assessment of the chemcal toxicity is conducted 
Chemcal toxicity of uranium was therefore evaluated for this nsk assessment EPA has 
developed both internal (inhalation and ingesbon) and external SFs for the carcinogemc 
response to radlonuclide exposure @PA 2001 b) 

The RfDs and SFs used in the nsk assessment were obtamed from the following sources 

EPA's IRIS online database (EPA 2002b), 

EPA's HEAST and supplements (EPA 1997c), and 

EPA's National Center for Envlronmental Assessment (NCEA) for intenm and 
provisional values 

4.1 Dermal Exposure to Chemicals 

EPA recommends using oral toxicity factors, adjusted if possible by a gastrointesbnal 
absorpbon fracbon, to evaluate toxic effects from dermal contact with potenbally 
contammated media @PA 1989, 1992b, 2001a) The oral toxicity factor relates the toxic 
response to an adrmnistered intake dose of contarmnant, whtch may be only parhally 
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absorbed by the body Intake from dermal contact is estimated as an absorbed dose 
Therefore, EPA (2001a) suggests adjushng some oral toxicity factors by contammant- 
specific gastrointeshnal absorpbon rates, if avalable, to yield toxicity factors for 
contmnants absorbed via the dermal pathway When specific gastrointestinal absorphon 
rates are not avalable, gastrointesbnal absorption is assumed to be 100 percent and the 
unadjusted oral toxicity factor is used to assess the response to dermal absorphon 
Adjustments were made to the oral toxicity factors for cadrmum and chromum RfDs for this 
nsk assessment by using a gut absorphon of 2 5 percent multiplied by the oral RfD to 

estimate the dermal adjusted RfD, as shown in Table 4 1 

5.0 RISK CHARACTERIZATION AND UNCERTAINTY ANALYSIS 

fisk characternabon was performed as the final step of the nsk assessment process In thrs 
step, toxrcity factors, non-carcinogenic RfDs, and carcinogemc SFs for COCs were applied, 
in conjuncQon with estimated chemcal intakes, to predict potenbal non-carcinogenic and 
carcinogenic health nsks to exposed receptors Spreadsheets with calculahons are presented 
in Appendix C 

5.1 RISK METHODOLOGY 

The methodologies presented in thrs sechon were used to quanbfy both carcinogemc and 
non-carcinogemc nsk 

5.1.1 Non-Carcinogenic Risk 

The potentd for non-carcinogenic effects can be charactenzed by compmng esbmated 
contanant intakes from Sechon 3 5 with contarmnant-specific RfDs from Table 4 1 The 
resulting raho is the HQ, whch is denved in the following manner 

Non-carcinogenic HQ = Chemcal Intake (mdkgdav) 
RfD @gn<gaaY) 
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The RfD concept assumes that there is a level of intake (the RfD), below whch it is 
unlikely that even sensitive individuals will expenence adverse health effects over a 
lifetime of exposure If the average daily intake exceeds the RfD, the HQ is greater than 
1 0, and the potential for non-carcinogenic effects increases (EPA 1989) An HQ in 
excess of 1 0 would trigger a more detailed evaluation of nsk to receptors in thls nsk 
assessment It should be noted, however, that the level of concern does not increase 
linearly as the RfD is approached or exceeded Ths  is because all RfDs are not assessed 
equally or based on the same seventy of toxic effects The numeric value of the HQ is 
not a direct estimate of nsk (EPA 1989) because it does not define a dose-response 
relationship Rather, it is an indicator that adverse health effects are more likely to occur 
as the HQ increases 

HQs were summed to yield an HI for each pathway and receptor to assess exposure to 
multiple contaminants The assumption of addhve effects reflected in the HI is most 
properly applied to substances that induce the same effect by the same mechanism (EPA 
1989) Consequently, summmg HQs for substances that were not expected to induce the 
same type of effect will lkely overesbmate potential adverse health effects The HI, 
therefore, provides a conservative measure of potenhal adverse health effects and is 
dependent on the quality of experimentally denved evidence 

HIS from all relevant pathways were summed to obtam total HIS for a given receptor If 
the total HI was less than or equal to 1 0, multiple-pathway exposures for all COCs 
judged unlikely to result in any adverse health effects If the sum was greater than 1 0 
further evaluation of exposure assumptions and toxicity is warranted to ascertain whether 
cumulative exposure would be likely to harm exposed receptors 

5.1.2 Carcinogenic Risk 
Potential carcinogenic effects can be charactenzed in terms of incremental probability of 
an individual developing cancer over a 70-year lifetime as a result of exposure to a 
potential carcinogen The excess lifetime cancer nsk is an estimate of the increased nsk 
of developing cancer above the background rate for the general population Excess 
lifetime cancer nsk is estimated from the projected lifetime average daily intake and the 
cancer SF, whch represents an estimate of the dose-response relationshp Excess 
lifetime cancer nsk is calculated by multiplying the average daily chemcal intake by the 
cancer SF as follows 
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Cancer fisk = (Average D a h  IntakeMSD 
With units of (mg/kgday)(mg/kgday)-' or (pCi)(nsk/pCi) 

(Equation 5 2) 

Carcinogemc nsks eshmated using SFs are upper-bound estimates Thls means that the 
actual nsk is llkely to be less than the eshmated nsk (EPA 1989) RME cancer nsks may 
be overestimated because they are calculated by multiplying 95th percenhle esbmates of 
cancer potency, 95UCLs of concentrations, and high-end esbmates of several exposure 
parameters 

Rsks resultmg from exposure to mulhple carcinogens are assumed to be addmve (EPA 
1989) The total cancer nsk is eshmated by sumrmng nsks estimated for each COC for 
each pathway Th~s is a consewatwe approach that results in an elevated esbmate of 
cancer nsk because 95th percenhle eshmates are not strrctly additwe (EPA 1989) This is 
especially true when more than several carcinogens are present 

In accordance with EPA guidance (EPA 1989), radionuclide nsks were calculated 
separately for each exposure pathway Carcinogemc nsks for each pathway due to 
radionuclides are presented in Appendix C Chemcal and rdological carcinogenic nsks 
were summed by medla to detemne the overall potentd human health hazard at the site, 
as shown in Tables 5 1 and 5 2 

EPA policy must be considered in order to interpret the sigmficance of cancer nsk 
estimates The National Oil and Hazardous Substances Pollution Contmgency Plan (EPA 
1990) states that "For known or suspected carcinogens, acceptable exposure levels are 
generally concentrahon levels that represent an excess upper bound hfehme cancer nsk 
of between lo" and loa " When cumulative carcinogemc nsk to an in&vidual, based on 
RME exposure, does not exceed 10" and the total HI does not exceed 1 0, action is 
generally not warranted for protechon of public health (EPA 1991) However, the 
specific target nsk for the WRW is 1E-05 (DOE 2002b) 

5.2 RISKRESULTS 

The WRW receptor was evaluated for potentml exposures in the SEP AOC One 
scenano was assessed for the WRW receptor with the liner matenals on the surface 
Health nsks and hazards were found to be low for the SEP AOC The results are 
presented and discussed below 
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Liner M a t e d  
Surface Soil 
Subsurface Soil 
Total HI 

5.2.1 Non-carcinogenic Hazard Index 

The cumulatwe HI for non-carcinogenic health effects is 0 05 (Table 5 1) The surface 
soil domnated the results No adverse non-carcinogenic health effects are expected, even 
for sensitive in&viduals, because HIS were much less than 1 0 for all media and 
pathways The HQs for each COC and pathway are shown in Table 5 2 Cadmum in 
surface soil and chromum in the liner matenal were the major contnbutors 

0 0 0 1  0 01 0 002 0 01 
0 001  004 0006 004 

0.002 0.04 0.008 0.05 
O o o o o l  0'001 om1 0 001  

Table 5.1 Summary of HIs for the WRW by Media and Exposure Pathway 

Chromum 0 001 0009 
Uranium-235 a oooo02 
Uranium-238 a 0 002 

0 002 0 01 
000000000002 oooo02 
0000000002 0 002 

Table 5.2 HQs and HIS by COC, Media, and Exposure Pathway 

Cadmum 0 0005 0 03 0 005 
Chromum 0 0007 0006 0 001  

0 03 
0 007 

ITotal HI I 0.001 I 0.01 I 0.002 I 0.01 I 

Uranium-234 
Uranium-235 
Uranium-238 
Total HI 

a 00000003 0-1 00000003 
a OooOo3 o m 1  OooOo3 
a 0 003 o m 1  0 003 

0.001 0.04 0.006 0.04 

Cadmum 
Uranium-234 
Uranium-235 

O o o o o l  0 001 om1 0 001 
a 000000002 00000000001 000000002 
a 0000002 000000000002 0000002 

Uranium-238 
Total HI 
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5.2.2 Carcinogenic Risk 
Excess lifehme cancer nsk esbmates for the WRW receptor are summanzed in Table 5 3 
by medium The total non-radiological carcinogenic nsk was 2E-06 and the total 
radiological carcinogenic nsk was 5E-06 The majonty of both the non-radiological and 
radiological nsks were from exposures to surface soil 

Table 5 4 presents carcinogenic nsks by meha, pathway, and COC The total nsk for 
chromum in the liner matenals was 3E-07, well below the 1E-06 level of concern The 
lughest radiological nsk of 3E-06 was due to amencmm-241 in surface soil The nsk 
levels were dnven by the inhalahon pathway for chromum VI and the ingeshon and 
external radiahon pathway for amencium-24 1 in surface soil 

The esbmated excess lifehme nsks for a WRW due to potential exposures in the SEP 
AOC were well below the 1E-06 level of concern Approximately 81 percent of the non- 
rahological nsk was due to chromum in surface soil The remarning 19 percent was due 
to cadrmum in surface soil Chromum was conservatively assessed as chromum VI, 
actual nsks are likely lower due to the presence of chromum 111 

Table 5.3 Summary of WRW Carcinogenic Risks by Media and Exposure Pathway 

a No toxicity factor avadable 

The total radiological nsk to the WRW was 5E-06 Surface soil accounted for 94 percent 
of the rad~olog~cal carcinogenic nsk Amencium-24 1, plutomum-239/240, and uranium- 
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Chromium 3 26E-07 a, a 
Arnencium-24 1 2 16E-08 6 41E-08 NA 
Uranium-235 2 59E-10 1 14E-090 NA 
Uranium-238 2 38E-09 1 07E-08 NA 

235 were the major contnbutors to risk (see Table 5 4 and Appencbx C) Amencium-241 
dormnated all pathways, plutonium-239/240 was a significant contnbutor to the 
inhalabon and ingesbon pathways, and uranium-235 was significant for the external 
racbation pathway 

NA 3 26E-07 
8 88E-08 17E-07 
5 49E-08 4 3E-08 
5 25E-11 1 3E-08 

Table 5.4 Summary of WRW Carcinogenic Risks by COC, Media, and Exposure 
Pathway 

Americium-24 1 
Plutonium-239/240 
Uranium-234 
Uranium-235 
Uranium-238 

7 94E-10 2 36E-09 NA 3 26E-09 6 4E-09 
1 65E-09 5 45E-09 NA 4 11E-11 7 1E-09 

171E-09 6 97E-09 NA 1 57E-10 8 8E-09 
6 38E-11 2 82E-10 NA 1 35E-08 1 4E-08 

8 23E-10 3 72E-09 NA 1 82E-11 4 6E-09 

I 14OE-09 I a I a I NA I 14OE-09 I 

a No toxicity factor avadable 
NA not applicable 

5.3 UNCERTAINTIES AND LIMITATIONS 

Thls section cbscusses major uncertmnbes and lirmtabons of the nsk assessment and how 
the results and conclusions rmght be affected Uncertambes and lirmtabons are inherent 
in the nsk assessment process The level of certatnty associated with the conclusions of 
the nsk assessment are conditional upon data quality, methods used to identify COCs, 
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estimates of chemcal concentrahons, assumptions made in estimahng exposure 
condihons, conservahsm of methods used to develop exposure factors, and toxicity 
values used to charactenze nsk 

Conservative assumptions were made at most stages of ths  nsk assessment to prevent 
underestimating potential health nsk Carcinogenic nsks were eshmated using upper- 
bound SFs and conservative exposure assumphons Estimates of non-carcinogenic 
toxicity values (RfDs) are also conservative and may result in an overeshmate of non- 
carcinogenic health hazards RME eshmates of potenhal health nsks associated with 
potenhal exposures at the SEP should be considered upper bounds Thls means that 
actual nsks are likely less than eshmated nsk (EPA 1989) Although point estimates of 
nsk are made, it should be recognized that each estmate represents a range of possible 
nsks and is only an indlcator of the actual nsk 

Uncertamties in the nsk assessment for the SEP lie chefly in sampling limtahons, the 
idenhfication of COCs, estimation of exposure point concentrahons, exposure 
assumphons and factors, and the assessment of chemcal toxicity The uncertamty factors 
are discussed below 

53.1 Sampling and Identification of COCs 

Samples of surface soil, subsurface soil, and pond liner matenals were collected in 
accordance with approved work plans, and most of the chemcal analytical results were 
validated in accordance with EPA and RFETS data validahon guidelines Work plans 
were presented in the Final Phase I RFYRI Work Plan for OU 4 (DOE 1992), and the 
chemcal analyt~cal database and data review are described in Appendix A It can be seen 
from Figures 2 1 through 2 5 that sampling was performed in a nonsystemahc, random 
fashion and sampling density vaned spatially The overall quality of the data was 
detemned to be sufficient for nsk assessment purposes (Sechon 2 0 and Attachment 1) 

Idenhficahon of COCs is dependent on the quality of the sampling, analysis, and 
database management Data were retneved from SWD and were considered 
representative of the AOC Elimnation of PCOCs and selection of COCs are 
documented in Section 2 0 

Only analytes included in ALF were evaluated for inclusion as COCs The analyte list in 
ALF is the official PCOC list for the site, as agreed to per Rocky Flats Cleanup 
Agreement (RFCA) (DOE et al 1996) Rsks may have been underestimated due to the 

54 



Human Health Risk Assessment of the Solar Evaporation Ponds 
Rocky Fcats Environmental Technology Site 

Final 
February 2003 

exclusion of analytes not on the ALF list However, excluded analytes were pnmanly 
essenhal nutnents and radionuclides or orgamcs with no site use hstory These analytes 
are presented in Appendlx A 

5.3.2 Exposure Point Concentrations 

The 95UCL of the mean concentration was used as a conservatwe estimate of exposure 
concentrations The 95UCL was used rather than the anthmehc mean concentration to 
provide an addihonal level of conservahsm and limt uncertamhes involved in eshmating 
the true mean from a relatively small data set Small sample size, vanability in sample 
results, inclusion of extreme values, and negative or zero values increase uncertamty in 
eshmahng the mean However, these uncertambes usually result in a hgh, rather than 
low, bias to the estimate 

Sechon 2 0 and Attachment 1 present a detaled evaluahon of data adequacy used to 
support and quanhfy nsk calculahons submtted for the SEP The evaluahon included 
power calculahons, and detemnahon of mean, vanance, and 95UCL eshmates using 
Bootstrap resampling and geostahstical methods A spatial analysis and evaluation of the 
Bootstrap technique were also provided A companson of upper 95UCLs from all 
statistical methods was included, and their impact on the reported nsk results was 

evaluated The data adequacy evaluahon focused on the radlonuclides present in surface 
soil The results are summanzed below and dscussed in relation to the methods used in 
the nsk assessment 

Distnbuhonal teshng was conducted and reported in Sechon 2 3 5 of thrs nsk assessment 
A normal, lognormal, or non-parametnc dlstnbution was assigned to each analyte in 
surface soil and subsurface soil Distnbubons for liner data were not evaluated due to 
small sample size However, maximum detections were used to quantify nsks and a 
background screen was not conducted for all liner COCs These assumptions likely over 
estimate the risk because chromum and uranium-238 would most llkely be elimnated 
dmng the background COC screen The small sample size for liner COCs increases the 
uncertamty associated with final nsk results, but observed nsks from the liner are well 
below concern 

In addlhon, several statisbcal methods were used to calculate 95UCLs to evaluate the 
uncertamty associated with this calculabon and dlstnbutional assumptions Results of th s  
analysis are presented in Attachment I, Data Adequacy Evaluation 
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Surface Soil 
Liner Matend 
Subsurface Soil 

Statistical analyses indicated that sampling at the SEP is adequate, especially in view of 
the low estimated risk It is unlikely that the use of either Bootstrap method 
underestimated true nsk The 95UCLs denved from lognormal distnbuhons appeared to 
estimate 95UCLs withn the observed range of detected concentrations 

15E-07 2 7E-07 8 4E-07 
18E-07 3 3E-07 1 OE-06 
7 8E-10 14E-09 4 4E-09 

53.3 Mass Loading Factors 

Total Risk I 3E-07 

There is uncertamty associated with the ML factor used to eshmate contarmnant 

concentrations in illr A 50th percentde eshmate of 21 2 pg/m3 developed by the RSALS 
Workmg Group, was used in the nsk assessment Tlus figure is approximately twice the 
documented site average from momtonng data of 11 8 pg/m The 95th percentde value 
is appropnate for ALs used for screemng, but is conservahve for a forward-loolung, long- 
term nsk assessment The effect of using muihple hgh-end factors in a nsk assessment 
quickly leads to unrealistically hgh eshmates of nsk EPA guidance (1989) recommends 
using a balance of hgh-end and central tendency estimates to avoid ths problem The 
effect of the three ML factors on inhalahon nsk is shown in Table 5 5 

6E-07 I 2E-06 

Table 5.5 Effect of Using Different Mass Loading Factors on Inhalation Risk 

Liner Matenal 
Subsurface Soil 
Total Risk 

1 3-08 2 4E-08 7 7-08 
2 8E-09 5 OE-09 1 6E-08 
4E-07 6E-07 2E-06 

The effect on total inhalation nsk of adjusting the ML factor from the Site monitonng 
average to the RSALS 50th percenhle and then to the RSALs 90th percentile is almost 
one order of magnitude Uncertamhes associated with exposure point concentrahons and 
the ML factor are therefore likely to result in an overeshmate of nsks 
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Liner 

Subsurface Soil 
Total h k  

5.3.4 Area Use and Gamma Shielding Factors 

3 3E-07 3 3E-07 8 2E-08 8 2E-08 
14E-09 1 4E-09 3 5E-10 3 JE-10 
6E-07 6E-07 1E-07 1E-07 

The AUF is calculated as the ratio of the AOC to the mnimum anticipated size of the EU 
for the WRW The AUF can be used to normalize exposure based on area The area of 
the AOC is 33 3 acres It was agreed with the regulatory agencies to use an AUF of 1 for 
the nsk assessment Ths  means that the hypothetical WRW will spend 4 hours a day, 5 
days a week for 18 7 years in the AOC Thls is a conservative assumption that a WRW 
will actually spend 20 hours a week for 18 7 years on such a small portion of the total 
area of the Site Therefore, nsks have been calculated for the conservative assumphon of 
a 0 25 AUF to a d  in the nsk managers’ decision-makmg process as shown in Table 5 6 

Liner 

Subsurface Soil 
Total Risk 

Table 5.6 Effects of the Area Use Factor (AUF) and Gamma-Shielding Factor (1-Se) 
on Total Risk 

2 4E-07 2 OE-07 6 1E-08 5 OE-08 
3 9E-08 3 4E-08 9 7E-09 8 4E-09 
5E-06 4E-06 1E-06 1E-06 

Non-Radological R d c  
Surface Soil I 2 7E-07 I 2 7E-07 I 6 7E-08 I 6 7E-08 

I Radiologrcal Risk I 
lsurface so11 I 43E-06 I 38E-06 I 1 1E-06 I 9 4E-07 I 

It was also agreed with the regulatory agencies that a gamma shleldmg factor would not 
be used to account for the effects of surface geometry and contarmnant depth The 
assumphon of no shlelding, especially for low-energy gamma radiabon present at WETS 
is conservative and overestimates the nsk The effect of incorporating a gamma sheldmg 
factor of 0 7, as calculated in Federal Guidance Report No 12 (EPA 1993) for 
radlonuclides of simlar energies as those present at RFETS, is shown in Table 5 6 

Table 5 6 demonstrates that the effect of the AUF was greater than that of the gamma 
shelding factor The AUF has a greater influence because it affects all pathways, 
whereas the gamma shielding factor only affects the external radiation pathway Using 
the 0 25 AUF instead of the very conservative AUF of 1, reduced the estimated 
radiological nsk from 5E-06 to 1E-06 and the non-radiological nsk from 6E-06 to 1E-07 

57 



Human Health Risk Assessment of the Solar Evaporation Ponds 
Rocky Flats Environmental Technology Site 

Final 
February 2003 

1 ,000 
2,000 
1 o.oO0 

5.3.5 Bootstrap Iterations 

8 69 70,000 2646 287 001085 1 08 
864 140,000 3742 285 000762 0 76 
8 70 690.000 Si07 287 000346 0 35 

The SEP nsk assessment used 1,OOO iterabons of the Bootstrap program to denve 
estimates of the mean and vmance associated with those COCs with non-parametnc 
dlstnbubons Table 5 7 presents the estimates of the mean and vmance using a hgher 
number of iterabons to evaluate the adequacy of using 1,OOO iterabons 

Table 5.7 Estimated Averages, Variances, and Percent Errors as a Function of the 
Number of Bootstrap Iterations 

S D = Standard dewatlon 
SEM = Standard error of the mean 

5.3.6 Toxicity Assessment 

Toxicity values (RfDs and cancer SFs) denved by EPA are conservabve, upper-bound 
eshmates of potential toxicity or carcmogenicity of chemcals and central tendency 
estimates for ra&onuclides They were designed to be conservabve and their use in nsk 
assessment tends to result in conservatwe estimates of potenbal nsk Only analytes in the 
ALF were assessed for thls nsk assessment The ALF represents the master list of 
potenbal chemcals of concern designated by CDPHE, EPA, and DOE m the 1996 RFCA 
(DOE et al 1996) However, analytes not on the list may contnbute to nsk These 
contnbutions were not assessed quanbtatively (Secbon 2 3 7) In addibon, some PCOCs 
do not have EPA-established toxicity factors Therefore, they cannot be evaluated in a 
quantitative risk assessment Analytes that were not assessed in the nsk assessment could 
increase nsk, but the increase is expected to be mnimal Most omtted analytes were 
essential nutnents, tentatively identified compounds, or analytes with no known hstoncal 
use at the site 
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6.0 SUMMARY AND CONCLUSIONS 

Estimated WRW nsks resulhng from exposure to COCs present in SEP medla have been 
quanhfied Exposure medla includes pond liner matenals, surface soil, and subsurface 
soil Selected COCs were metals and radionuclides in liner matenal and soil that had 
concentrations above PRGs and stahshcally greater than background Radionuclides in 
surface soil were the largest contnbutors to nsks Hazard and nsk estimates are shown in 
Tables 5 1 through 5 4 and below 

Non-carcinogemc nsks were domnated by ingeshon of c a h u m  and chromum in 
surface soils A total HI for surface soils from all pathways was 0 04 The total HI 
due to liner matenals was a factor of 4 below surface soil at 0 01 followed by 
subsurface soil at 0 001 
Non-carcinogenic nsks for inhalahon and dermal contact were well below ingesbon 
with total HIS of 0 002 and 0 008, respectively 
Cumulahve HIS for the WRW for all COCs and medla were orders of magnitude 
below 1 0  

Carcinogemc nsks for non-radiological COCs (cadrmum and chromum) were well 
below the target nsk for the WRW of 1E-05 Total non-rdologcal carcinogenic nsk 
was 2 7E-04 for surface soil, 3 3E-07 for liner matenals, and 1 4E-09 for subsurface 
soils All nsks were well below 1E-06 
Rdological nsk was domnated by exposure to surface soil r&onuclides with a total 
nsk of 4 3E-06 Total nsks from exposure to liner matenals and subsurface soils were 
1 to 2 orders of magmtude lower at 2 4E-07 and 3 9E-08, respectively 
Radlological nsks were domnated by external exposure and incidental ingeshon of 
soils Inhalation composed 10 to 14 percent of the total nsk from exposure to all 
medla 

The total raczlological nsk to the WRW from all SEP medla was 5E-06, whlch was 
well below the target nsk of 1E-05 The total nsk in surface soil was domnated by 
americium-24 1 and plutomum-239/240 Amencium-24 1 contnbuted approximately 
63 percent of the total nsk 

Evaluaoon of the uncertamties associated with assumphons and parameters used in 
the nsk assessment inhcated that the estimated nsks have been overestimated 
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Difference betwoen medians 
@52%U 

1135 
01118 (mMnal.pproUtrntrn oomotedfortler) 

Yann-Whilnoy u 8tatistic 
l-taikd p 

W o n  
LNRChromium 

SSBGChromium 

n Rank sum Mean rank U 
15 3065 20 43 1135 
20 3235 16 18 1865 



I 
I 

- 
4 P 
! m 



Table A47 
analysed wtth A n a b  II +General 1 63 

Mann-Whitney Tesl 
l n e r  Background Comparison 
Locabon Americtum-241 2 BGAMERlClUM 

0 565 I 0001 to+- lnormal ;Ippcmlmatlul) 

thfference between medians 
95 1% CI 

Locabon 
Annricium-241 
BGAMERlClUM 

258 
0 0339 (n~rmd approxdion coneded foc hes) I Mann-Whitney U statis& 

l-taitd p 

n Rank sum Mean rank U 
15 612 0 4080 258 0 
50 15330 3066 492 0 





Table A 49 
analysed Wh Anatyse-it + G o w a l l  63 

Mann-Whitney Test 
Lner Background Cornpartson 
Locabon Uranium235 2 BGURANIUM235 

0048 I 0027 to+- (nomul .ppmstmatm) 

Chfforenco betweon medians 
95 2% CI 

Locabon 
hnium-235 

BGURANIUM295 

47 I oooo3 (nanulappmxrrmhan conectadforlcas) 

Mann-Whitnay U stabsbc 
l-taikd p 

n Rank sum Mean rank U 
15 373 0 24 87 47 0 
20 257 0 1285 253 0 



I Location n Mean 
InU235 15 -2 298 

BGlnU235 20 -2 977 

SD I SE 
0 1872 0 7251 

0 3231 0 0722 

0 679 1 0371 to+=- 
Difference between means 

95% CI 

I 

3 74 
tatatl.tlc) i-tailed p ooO04 





I 
Table A 52 Mann-Whkney Tesl 

l~ner Background Comparison 
Locabon Uranium-238 2 BGURANIUM238 

anslysed wdh Analyse It + General 1 63 

Locabon n Rank sum Mean rank 
Uranium-238 15 3090 20 60 

BGURANIUM238 20 321 0 1605 

I 

U 
1 1 1  0 
189 0 

0 325 I -0080 to+- (normal approxmatmn) 
Bfference between medians 

95 2% CI 

1 1 1  
0 0966 (normat apprormdtim corrected for ha) I Mann-Whitney U stabstic 

l-tatled p 



Table A.80 SEP Analytes in Liner Material With No PRGs in ALF 

Cesium 
I 

Potassium 

Titanium 

Inorganics (mgkg) 

7440-70-2 I 1.8331 8321 2.6601 15 I 100 

7440-46-2 I 2061 0431 7701 15 I 80 

7439-95-4 2,087 1,320 2,750 15 100 

7440-09-7 1,879 1,010 3,110 15 100 
7440-23-5 I 6741 1351 1,5401 15 I 100 

~~ 

7440-28-0 048 037 096 15 7 

7440-32-6 407' 322 468 3 100 

Radionuclides (pCdg) 



Table A.81 SEP Analytes in Surface Soils With No PRGs in ALF 

Inorganics ( m g k g )  

1 21691 I 109 1248000 I 73 I 99 I 7440-70-2 
7440-46-2 
7439-95-4 

542 125 1235 72 3 
2567 109 6500 73 99 

I 

7440-09-7 2544 I 109 I 8310 I 73 I 99 I 
I 

3529 109 11300 61 98 
525 467 3660 73 37 

7440-2 1-3 
7440-23-5 

I 

7440-28-0 024 I 008 I 081 I 70 I 9 I Thallium 
Titanium 

I I I I 

407 I 322 1 468 I 3 I 100 7440-32-6 

RI (P*) 

740 I 640 I 840 1 2 I 100 19-Octadecenoic Acid 112-80-1 
29 16-3 1-6 320 I 320 I 320 I 1 I 100 I 

I I 

80 80 80 1 100 
205 190 220 2 100 
6100 6100 6100 1 100 

90- 12-0 
128-37-0 
625-33-2 

19.1 0-Anthraauinone 84-65- 1 210 I 210 I 210 I 1 I 100 I 
209 1-29-4 2 0 0 0 1 2 0 0 0 1 2 0 0 0 1  1 I loo I 9-Hexadecenoic Acid 

Benzo(ghi)Perylene 
r 

19 1 -24-2 190 38 680 67 45 
204 140 410 7 29 8674-8 Carbazole 

Heotane 22 16-30-0 150 I 150 I 150 I 1 I 100 I 
IHexatnacontane 630-06-8 650 I 650 I 650 I 2 I 50 I 
IN-OctacoGe 2300 I 2300 I 2300 I 1 I 100 I 630-02-4 

630-03-5 
22 16-34-4 

~. . . __. . ~ - .  . __. I 

1100 I 1100 I 1100 I 1 I 100 I Nonacosane 
Octane 1 9 0 1 1 9 0 1 1 9 0 1  I I 100 I 

I 

10-Fluoroohenol 367- 12-4 1200 I 1200 I 1200 I 1 I 100 I 
57- 10-3 
629-62-9 
630-07-9 

833 260 1500 10 80 
170 170 170 1 100 
1800 1800 1800 1 100 

Palmitic Acid 
Pentadecane 

I Pentatnacontane 
IPhenanthrene 85-0 1-8 282 I 37 I 2700 I 67 I 66 I 

I I I 

594-61 -6 
7098-22-8 

1100 1100 1100 1 100 
1667 1600 1700 3 67 

Propanoic Acid 
Tetratetracontane 



Table A.82 SEP Subsurface Analytes With No PRGs in A L F  

Calcium 
Magnesium 
Potassium 

Inorgamcs (mg/kg) 

7440-70-2 38,220 706 325,000 102 100 
7439-95-4 2.587 ‘703 6,460 I02 100 
7440-09-7 2,711 66 21,100 103 92 

1 

~~ 

SOdlUi 
Sulfide 

~ 

7440-23-5 1,466 101 10,200 102 61 
18496-25-8 5 5  I 18 6 61 8 

Isillcon 17440-21-3 I 2.608 I 360 I 14.000 I 55 I 98 I 

I 

~ 

2-Pentanone 123-42-2 77,143 10,000 100,OOO 7 86 
Ethyl Acetate 14 1-78-6 1,000 1,000 1,000 1 1 0 0  
Launc I)lathanolamide 120-40-1 5,125 1,000 8,000 8 100 
Mvristlc Acid 544-63-8 900 9 0 0 9 0 0  1 100 

IThaIlium 17440-28-0 I 0 2 8  I 0024  I 125  1 98 1 4 I 

N-mecane ~ 

N-Hexadecane 
N-Tetradecane 
N-Undecane 

c 

Titanium 17440-32-6 I 258 I 118 I 464 I 7 I 100 

1.2.3-Tnmethvlbenzene 1526-73-8 I 700 I 700 I 700 I 1 I 100 
OrgamF (uglkg) 

1 12-40-3 1,260 300 2.000 5 80 
544-76-3 700 400 l.m 2 100 
629-59-4 2,750 2,000 3,000 4 75 
1120-21-4 1,667 1.OOO 2.000 3 100 

I 1 -0ctanol 1111-87-5 I 600 I 600 I 600 I 1 I 100 I 

Palmitlc Acid 
Pentadecme 
Phenanthrene 
Sec-Octvlbronude 

57- 10-3 290 290 290 1 1 0 0  
629-62-9 1,350 300 2000 6 83 
85-0 1-8 21 1 25 395 27 11 
557-35-7 2,000 2.000 2000 1 100 

Trtdecane 
Undecane 

l0ctametvlcvlotetrasiloxane 1556-67-2 I 1.567 I 400 I 2.000 I 6 I 83 I 

629-50-5 4,000 4,000 4000 1 100  
17301-23-4 1,oOO 1,OOO loo0 1 100 





Table A 84 Surface Soil Backaround Radionucltda Data I 

1 



i Table A 04 Surface Soil Backeround Radionucllde Data 1 

2 



1 Table A 85 Subsurface Soil Background lnorganc Data I 
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I Table A 85 Subsurface Soil Background lnorganc Data I 
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I Table A 85 Subsurface Soil Background lnorganc Data I 
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I Table A 85 Subsurface Soil Background lnorganc Data I 



I Table A 85 Subsurface Soil Background lnorganc Data I 

A p p m d ~ x  A Background Sub Dah Tab!as(2 13-03) XIS 



I Table A 86 Subsurface Soil Background Radionuclide Data I 

Appendix A Badqrwd Sub Data Tables(2 13-00) xls rol/ 1 



~ _ _  

Table A 86 Subsurface Soil Background Radionuclide Data 1 

Appendtx A Background Sub Data TaMes(2 13-03) xb /As' 2 



I Table A.86 Subsurface Soil Background Radionuclide Data 

~ p p e n d i x  A Backgrwnd Sub Data Tables(2 13-03) Xls 3 



I Table A 86 Subsurface Soil Background Radionuclide Data I 

Appendix A Background Sub Data TeMes(2-13-@3) XIS 

/6 7 
4 
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Table A 86 Subsurface Soil Background Radionuclide Data 

/jx Append~x A Background Sub Data Tables(2 13-03) xk 5 



I Table A.86 Subsurface Soil Background Radionuclide Data I 
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I Table A.86 Subsurface Soil Background Radionuclide Data I 

Appendtx A Background Sub Data Tables(2 13-03) xk /!!b 7 



Table A.87 Surface Soil Background Data Summary 
(m&g inorganic, pCVg radionuclides) 

I URANIUM-238 I 7440-61-1 I 20 I loo I 074 I 109 I 0 46 



Table A.88 Subsurface Soil Background Data Summary 
(mgkg inorganics or pCi/g radionuclides) 



C.l Appendix C Table of Contents 

Step 
1 

1 Spreadsheets Used to Calculate Human Health Risk and Hazards for the Solar Ponds Risk 

Worksheet Description 
"2OO2Tox1c1ty' Presents toxic@ factors used in the calculations 

I 2 1.u Conversion" lconverts concentrations of uranium isotopes fr~m pc1/g to m M g  

Presents chemlcals of concern for the M a r  Evapomt~on Ponds (IHSS 101) nsk 
assessment including number of samples, percent detecton, minimum, maximum, 
mean. and 95% UCL 

I 4 1"Equations WLRW* 1Presents equations used in calculations 
~~~ 

Presents factors used to calculate chemml intakes for a wildlife refuge worker from 

, 
Summarizes results of the assessment 



C 2 Toxkily Factor8 u..d in tho SEP Rhk Asu.umnt 



C.3 SEP Uranium Conversion fron Activity to Mass 

Assumptions: 

Specific Activity 
U-238 3 35E-07 CaI 1 24E-08 TBWg 
U-235 2 16E-06 cl/g 7 99E-08 TBWg 
u-234 6 24E-03 Cdg 2 31 E-04 TBWg 

Assumed U-234 Accounts for all U-233/U-234 Activity 

g of matenal per kg 
1000 

I 

pcl/g Cdkg g mgkg 
u - 2 w - 2 3 4  I 6 53 I 653E-09 I 105E-06 1 1 05E-03 
U-235 0 289 2 89E-10 1 WE-04 1 WE-01 
u-238 3.77 3 77E-09 1 13E-02 1 13E+01 

U-235 0 27 2 70E-10 125E-04 125E-01 
u-238 2 68 2 68E-09 8 00E-03 8 00E1-00 

u-233lU-234 3 65 3 65E-09 5 84E-07 5 84E-04 
U-235 0 153 1 53E-10 7 09E-05 7 09E-02 
u-238 2.14 2 14E-09 9 88E-04 9 88E-01 



C 4 Exposure point Concentrations Used in the SEP Risk Assessment 

Amencum241 
Plutonium239/240 

Uranium234 

I I I Chromium 73 97 120 I 203 I 24.8 I 
69 100% 0011 130 9 11 34.2 
60 100% 0 013 56 4 19 16.5 
71 100% 0 51 63 4 4 16 0.001 6 5  

Amendurn241 I 15 
uranium235 15 

I I I uranium235 71 I 76% I -0008 I 2 3  I 0186 I 0 13 029 I 

60% 0003 8 19 1 70 I 10589 

67% 0 018 0.27 0 13 0 13 a 0 21 

I Cadmium I 97 9 6  I 

(1) The bolded values were used as the exposure point concentrabons for risk calculations 95UCL values were used for surfc 

(2) The 95UCL concetrahs for mineral uranium was calculated from the 95UCL for the radionucltde 
(a) The value of 0 13 is for the maximum concentration of U-235 in the liner 

and subsurface soils Maximum values were used for the liner per agreement with EPA and CDPHE 



C 5 Fquations Csed in the SEP Risk Assessment 

Inhalabon Risk = CSs x IR-h x ET x ET0 x EF x ED x AWF x AUF x (1PEF) x loo0 gkg x SFi 

Ingestton Risk = CSs x IR-s x EF x ED x AWF x AUF x 0 001 glmg x SFo 

External Radiation Risk = CSs x ED x EFl365 x ET/24 x AWF x AUF x SFe x ( M e )  

Inhalabon Risk = [(CSs x IR-h x ET x ET0 x EF x ED x AWF x AUF x (l/PEF))/(BW x ATc)] x SRnh 

Ingestion Risk = [(CSs x 1R-s x EF x ED x AWF x AUF x 0 OOOOOl mg/kg)/(BW'ATc)] x SFo 

Prmal Risk = ((CSs x EF x ED x AWF x AUF x EV x SA-s x AF-d x DAF x 0 000001 mgkg)/(BW x ATc)] x SF 

Inhalabon HQ = (CSs x IR-h x ET x EF x ED x ET0 x AWF x AUF x (lPEF))/(BW x ATn x RfDi) 

Ingestion HQ =(CSs x IR-s x ED x EF x AWF AUF x 0 OOOOO1 mgkg)/(BW x ATn x RfDo) 

iermal HQ = (CSs x EF x ED x AWF x AUF x Ev x SA-s x AF-d x DAF x 0 000001 mg/kg)/(BW x ATn x RfDo 

CSs Concentration in soil 
IR-h Hourly inhalation rate 
IR-s Soil ingestton rate 
ET Exposurebme 
EF Exposure frequency 
ED Exposure durabon 
ET0 Exposure trme fra&on, outdoors 
EV Eventsperday 

AWF Area Weighting Factor 
AUF Area Use Factor 

EF/365 Gamma exposure factor (annual) 
ETf24 Gamma exposure factor (daily) 
PEF Site-spectfic PEF based on ML 
SA-s Surface Area of Exposed Sun - sol1 
AF-d Dermal Adherance Factor 
DAF Dermal Absorpbon Fracbon 

SFinh Inhalabon slope factor 
SFo Oral slope factor 
SFe External radiatton slope factor 
BW Body Weight 
ATc Carcinogenic Averaging Time 
ATn Noncaranogenic Averaging Time 
RfDi Inhalabon reference dose 
RfDo Inhalabon reference dose 
ACF Area correcbon factor 

(1 - Se) Gamma shielding factor 

set to 1 

set to 1 

set to 1 

Based on the wldlde refuge worker scenano developed by the RSALS Worktng Group 
! Slope factors for inorganic and organlc COCs are in unlts of (mgRgday)-' 
;lop factors for radionuclides inhalabon and ingestion exposures are in u n a  of nsWpCi 
;lope factors for External Exposures are in units of nsklyr per pCJg 



Amcmdum 241 13oE41 llBE+o4 NA 5m41 NA 
PMcnkm239/240 826€+00 568€+03 NA 259E41 NA 

umlun-234 248E+Oo 225€+03 NA 1x)3E+o1 NA 
unniun 235 1 lOE-01 9 ME41 NA 4 W 1  NA 
uraCbn-230 143Ea 1sE+a3 NA 500E+00 NA 



I I 1 - 1  Pohl I 1 



I I I m&adav I 
I I 222E10 I 1 I 1 I 



C 9 SEP Rkk Calculation Sheet for Subsurface Soil 

Area Use Fadoc 
frequencv 

~ r e d u r a b o n  
EventsDWdev 

Human Health Assessment for Wildlife Refuge Worker Exposure to Subsurface Soil 8nd Liner Material At Solar Ponds 

Risk by Medium and Pathway Total 
Medium Nalndidogicrd Rkk 

Inhalation I lngesth I DWllUl Extbmd byM.dium I 
- 

1 A - m  I a I a NA 1 AEbB 

AUF UnlHeSs 1 AOC area/EU area 
EF dYEYr ’ 20 W i n  RMAsunrey, 1990 

Ev edd 1 Unit corredlon 
ED Yr 18 7 W T a s k 3  



C 10 SEP Risk Contrlbulkns By ysdi.. Palhway and COG 

~ y M . I a n ~  
AmUkbm24l 
unnkm-236 - 

CJlLV 5ooE-08 % 8 a 
ClNOllliUn 21BE-07 36.3% a a 

Td8I by R(hrrry k m  267E-07 44% a a 100% 2m-07 4 4 s  

2 lG-08 3 4% 8 4 1 ~ 0 ~  3- 8B8E-08 47% 
2 s  10 00% 114€09 01% 649E-m 29% 
2.38E-09 1m08 5s-11 

TOWbypIthrny 1242E-08 3.8% 7.6E-08 3.8% 144E-07 I 7.6% 2E-07 5 4% 



C 11 SEP Rsk and Hazard Index Summary 

hner 1 0001 I 0 01 
Subsurface sol1 1 o m 1  I 0 001 

I I 

0 002 0 01 
0 o001 0 001 

I I HI I Inhalation I Ingestion I Dermal 1 

Total Hazard Index 

I Surface I 0001 I 003 I 0006 I 004 I 

0 05 
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SEP Risk Assessment 
Meeting Notes 

1/23/03 

Attendees 
CDPHE Steve Gunderson, Tracy Hammond, Carl Spreng 
EPA Robin Blackburn, Susan Griffin, Tim Rehder 
U S F&W Mark Sattelberg 
DOE Norma Castaneda, Russ McCallister 
Kaser-Hi11 Marla Broussard, Lane Butler, Lee Norland 
K-H Team Jere Millard, Rick Roberts, Susan Serreze 

The purpose of this meeting was to discuss CDPHE and EPA comments on the Draft 
Final SEP RA (December 2002) 

S Gunderson stated that agency concerns centered on stahstics 
L Butler summanzed 6 key issues related to CDPHE and EPA comments 

The first issue was document clanty DOE will rewnte Sechon 2 and resolve data 
discrepancies 

Power calculations and data adequacy were &scussed 

J Millard stated that the power calculahon is not intended to jushfy talung one sample, 
but to explan data adequacy 
C Spreng stated that the bottom line is that the current sampling is adequate 

L Butler asked for agency concurrence that b s  issue was resolved 
T Hammond stated yes, and that she had trouble following the document 
Distnbutional testmg was discussed 

T Hammond stated that some of the dstnbutional tests were not appropnate 
J Millard stated that 5 tests were used and that the software does not allow use of all 
tests 

T Hammond stated that all 5 tests were given equal weight, which is not appropnate 

J Mdlard stated that he does not want to rely on only one test but will do so if required 
by the regulatory agencies 

T Hammond stated that the preference for use of either PRO-TL software or 1 test The 
PRO-TL software does not give all tests equal weight 

J Millard stated that DOE will use one or the other for the RA 

L Butler clanfied that DOE will use the Shapiro-Wilks test for COCs with less than 50 
results, and the Shapiro-Francias for COCs with more than 50 results 

S Gnffin suggested using 1 test for 1 compmson 

1 



L Butler clarified that DOE will use the Shapiro-Wilks test for COCs with less than 50 
results, Fillibans test for COCs with more than 50 results, and Geary’s test for COCs with 
more than 100 results 

S Gunderson stated that all 3 tests will be used depending on the analyte 

J Millard stated that DOE will follow the EPA flow chart for normal distnbutions He 
also stated that this was not used in the SEP RA because he did not want to throw away 
data before the distnbutional testing For lognormality, he will follow the EPA guidance, 
which leads to the Bootstrapping method when there is less than 30 samples Based on 
2002 EPA Guidance and the Singh paper, lognormal statistics resulted in the PROTEL 
statistics A large sample population would be treated as lognormal, for a small sample 
size, the h statistic would not be used, but one would go directly to Bootstrapping 
Nonparametnc methods perform better than lognormal methods Using lognormality is 
not a valid technique because it results in numbers that are misleading 

For example Arnencium has a maximum valve of 8 1 pCdg, but the lognormal value is 
greater than 10,OOO Using nonparametnc methods the result is 8 It would be difficult to 
explam this very large number to the public 

S Gnffin stated that the Bootstrapping method is intended for well-charactenzed sites If 
there are less than 30 samples, the site is not well charactenzed and more prudence is 
needed If the lognormal method results in a value of greater than 10,OOO the procedure 
is to default to the maximum value The tables in the text need to show the maximum 
value and the 10,000 should be shown in an appendix 
L Butler clarified that there is no difference in the nsk result 
J Millard stated that the assumption of lognormality is the issue 

S Gnffin stated that using lognormality you can default to the maximum value and if you 
use nonparametnc methods use the value generated 

J Millard stated that the assumption of lognormality is not defensible, and that EPA 
guidance states using the Bootstrapping method. J Millard wants to follow thls EPA 
guidance 

S Gnffin stated that the text of the gwdance states if you are not comfortable with the 
adequacy of the charactenzahon then you should use lognormal methods 

J Millard stated that t h s  was not in the guidance 

S Gnffin stated that this is in the guidance 

R Roberts asked if the MARSSIM 13 samples are adequate charactemation for 
Bootstrapping 

S Gnffin stated that the power calculations did not convince her that the liner is well 
characterized, so she wants the liner data combined with the surface soil data This will 
make the whole issue go away 

T Hammond stated that 66 samples were needed 

2 



J Millard 5tated that 66 samples were needed for the SORs not analyte by analyte The 
analyte by analyte calculations were conducted as specified by the regulatory agencies 
Standard G-4 methods were used and there IS nothing wrong with the calculations 

L Butler clarified that recalculation will not change the nsk and with a limited budget 
there is no reason to recalculate 

J Millard stated that combining the liner with surface soil will dilute the nsk, that the 
liners received pnmary waste and were remediated while the soil received secondary 
waste, and combining the liner with surface soil is not technically correct 

S Gnffin stated whether the line and surface soil are separate or combined doesn't 
matter, but if the sample size is less than 30, a lognormal distnbution must be used 

T Rehder asked if we could agree to disagree and use the lognormal distribution at the 
request of the agencies 

L Butler stated that this would result in the 10,000 pCdg Amencium appeanng in the 
report 

J Millard stated that a disclamer could be wntten 

C Spreng stated that the existing document already has this and the alternative 
calculation could be put in an appendix 

L Butler clmfied that the distnbutional testing for samples sets less than 30 samples will 
be added to the data adequacy attachment 

S Gnffin stated that this was fine 

S Gnffin stated that in the text revert to the maximum value 

J Millard stated he will put the 10,OOO pCdg value in text 

S Gnffin stated the statistical parameters should be in an appendix and the only number 
in the text is the result chosen for the nsk calculations 

J Millard asked if she wanted h m  to explan in the text why the UCL was not being 
used 

S Gnffin stated that he could layout the flowchart text 

J Millard stated that he could discuss in the uncertamty section Can have a table with 
the UCLs or can get nd of the tables 

S Gnffin stated however you want to do it 

J Millard stated that he wanted to stick with the 1 ,ooO iterations 

T Hammond stated that t h s  was the mnimum 

J Millard stated that 1,OOO for all analytes is a lot of work 

S Gnffin suggested running 5,000 iterations for amencium 

J Millard suggested running americium at 1 ,OOO and 2,000 iterations and detemning 
what the percent difference is He also stated that the majonty of the surface soil analytes 
were bootstrapped 



L Butler clarified try the 2,000 iterations on americium because it is a major risk player 
For minor risk players the minimum of 1 ,OOO iterations will be run 

J Millard stated the if the percentage of difference is greater than 1 would need to 
explan the effect on risk 

T Hammond stated that it would be better to put this table in the uncertamty section 
S Gnffin suggested running the statistics if the percentage difference is less than or equal 
to 1 

T Hammond stated if the percentage difference is 1 or less than 1 leave at 1,OOO 
iterabons, and if greater than 1, call Carl Spreng 

L Butler suggested that there are rmnor issues that don’t impact the nsk and they will not 
be addressed in the SEP RA revision 

J Millard stated that Section 2 is being rewntten and data discrepancies will be 
addressed 

S Gunderson asked if there were any fatal. flaws 
T Hammond stated no 
S Gnffm stated concern about the soil screening and risk calculahons 

J Mdlard stated that these issues will be taken care of in the Section 2 rewrite and in 
resolving data discrepancies 

T Hammond stated that she wanted a new version of the SEP RA 
L Butler stated that an e-version would be sent for review and a hard copy when 
approved 
C Spreng asked if new language could be sent to the agencies before the whole 
document 
J Millard sad  0 K 

4 


