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EXECUTIVE SUMMARY 

Th~s certification report presents the information and data used by the U.S. Department of Energy (DOE) 
to determine that the soil in Area 6E meets the certification requirements at the Femald Closure Project 
(FCP). 

This Certification Report includes details of the certification sampling, analysis, validation, and statistical 
analysis that took place in the areas covered by this document. All of the areas identified and presented in 
this certification report required extensive remedial actions. Consistent with the Sitewide Excavation 
Plan (SEP, DOE 1998), these areas undenvent predesign, excavation, and precertification activities, 
including the use of real-time measurement systems as well as physical sampling and analysis. As a 
result of these activities, it was determined that no hrther remediation was necessary prior to 
certification. 

Area 6E represents the southeastern edge of the Former Production Area where recent concrete crushing 
and soil screening activities took place. CU delineation for these areas is described in the Certification 
Design Letter and Certification Project Specific Plan for Area 6E (DOE 2006). Additionally, three CUs 
were constructed from samples obtained from the bottom of utility trenches to demonstrate that 
contamination had been removed from below the excavated utiLity. Certification sample results presented 
in this report demonstrate that the certification criteria were achieved for every CU. These criteria state 
that: 1) the mean concentration or activities of the primary area-specific constituents of concern 
(ASCOCs) within a CU must be less than the final remediation levels (FRLs) at the 95 percent upper 
confidence level (UCL) or the 90 percent UCL for the secondary ASCOCs; and 2) no certification result 
can exceed two times the FRL (Le., the hotspot criterion). Lf either of these criteria is not met, then 
krther investigation and possible excavation is required. If both of these criteria are met for a CU, then it 
can be released to restoration for development of the final land use. 

Area 6E underwent the certification process in the fall of 2006. All samples related to this effort were 
collected in 2006 and analyzed at an off-site laboratory that is on the FCP Approved Laboratories List, 
per the Sitewide Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) 
Quality Assurance Project Plan (SCQ, DOE 2003). The data were subjected to the required validation 
and verification process. 

M e r  the initial certification samples were collected, analyzed and validated, CUs 0 1 , 02,04, 08, 09, 1 1, 
18, and Utility Trench CUs 0 1 and 03 initially failed the statistical requirements and/or hotspot criteria for 
radium-226, technetium-99, or total uranium. Additional excavation and sampling were required to 
remove the radium, technetium, and/or uranium contamination and pass the certification criteria. 
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However, CUI8 still failed the UCL on the mean for radium-226 based on final laboratory data after the 
preliminary data had indicated passmg conditions. Therefore, a risk assessment was performed for the 
residual radium-226 in CU 18, which verified that the levels present are still below the acceptable risk of 
lo4. No further remediation was necessary for CU18. The certification details are provided in Section 2.0 
x i d  t!ic c\Ifllmtion of thc dstn is in Ccction 5 n of this docirrncrit 

On the basis of this reported information and supporting project files, DOE has determined that no 
additional remedial actions are required in this portion of the site. The area will be considered certified 
when the U.S. Environmental Protection Agency and Ohio Environmental Protection Agency concur that 
certification criteria have been met. At that time, DOE intends to proceed with final land use activities as 
outlined in the Natural Resource Restoration Plan (DOE 2002). 

DOE has restricted access to certified areas in order to maintain their integrity prior to final land use 
development. FCP procedure EP-0008 has been developed to implement the process that protects 
certified areas from becoming recontaminated. 
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1.0 INTRODUCTION 

1.1 PURPOSE 
This report presents the soil certification process and analytical data used by the US. Department of 

Area 6E (Figure 1-1) meet the certification requirements of the Sitewide Excavation Plan (SEP, 
DOE 1998). Analytical results and statistical tests for the certification units (CUs) identified in the 
Certification Design Letter (CDL) and Certification Project Specific Plan (PSP) for Area 6E (DOE 2006), 
except where specified in this document (Section 3.2), indicate that this area does not require any 
additional soil remediation. Also presented are the certification results for samples collected from utility 
trench footprints within this area. Based on the information presented in this document, the DOE 
considers remedial goals achieved in the portion of the site addressed by t h ~ s  document. 

r Lii~ig! (DOE) to dci;;oilstrati. :!;at thc c-;i_c:ing arm-spccific coiistitiicnts of coiictrn (.4CC@Cs) in 

1.2 BACKGROUND 
In the Operable Unit (OU) 5 Record of Decision (ROD, DOE 1996a), DOE committed to excavating 
contaminated soil that exceeds health-based final remediation levels (FRLs), with final disposition of the 
excavated material in the On-Site Disposal Facility (OSDF) or an off-site disposal facility ifthe OSDF 
waste acceptance criteria (WAC) are exceeded. The OU5 Remedial Investigation Report (DOE 1995a) 
defined the potential extent of soil contamination exceedtng the FRLs and, in general, indicated 
widespread contamination in approximately 430 acres of the 1,050-acre Fernald Closure Project (FCP). 

In the OU5 Remedial Action Work Plan (RAW, DOE 1996b), DOE committed to preparing the SEP to 
define the overall approach to implementing the soil and at- and below-grade debris cleanup obligations 
identified in the OU2 (DOE 1995b), OU3 (DOE 1 9 9 6 ~ ) ~  and OU5 RODS. In the SEP, the FCP was 
divided into ten remedial areas. This document addresses a portion of Remediation Area 6 identified as 
Area 6E (Figure 1-1). 

After all necessary remdation is completed within each area or its associated phase, the soil will be 
sampled, analyzed and certified as attaining all clean up goals (ie., FRLs). The SEP describes the general 
soil remediation and certification process at the FCP. As discussed in Section 4, l  of the SEP, Excavation 
Approach D is the appropriate remedial approach for contaminated material in Area 6E. The remediation 
details are presented in the CDL and Certification PSP for Area 6E. 

1.3 AREA DESCRIPTION 
The focus of this certification report is Area 6E, which represents the southeastern edge of the former 
production area where recent concrete crushing and soil screening activities took place. The boundary for 
this area is shown on Figure 1-1. 
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1.4 SCOPE 
The scope of this Certification Report includes the details of certification sampling, analysis, validation 
and statistical evaluation for soil samples collected from Area 6E. This area was divided into 12 Group 1 
CUs, two Group 2 CUs, five underground storage tank (UST) CUs, and three Utility Trench CUs. The 
ccfiificntioi? d e i g n  fo; thcsc 32 f t T s  fcllo\\:s th t  gentra! 3pproach nutlined in Cectiov 3 4 ofthe SEP 

1.5 OBJECTIVES 
The objectives of this Certification Report are: 

0 Provide an overview of the precertification and remedial activities conducted in the Area 6E 

0 Describe the analytical methods, data validation processes, data reduction and statistical processes 
used to support the certification process 

Present the certification sampling results for the 19 CUs that make up the Area 6E and the three 
CUs that comprise samples collected from the bottom of utility trenches 

0 Present the statistical analysis showing that all 22 CUs have passed the certification criteria 
(Le., FRL attainment and hotspot criteria) 

Describe access controls implemented to prevent recontamination. 

1.6 REPORT FORMAT 
This certification report is presented in five sections with supporting data and documentation in 
Appendices A and B. The sections of this report are as follows: 

Section 1 .O Introduction: Purpose, background, area description, scope, and objectives of the 
report 

Certification Approach: The CU design and approach to sampling and analysis used 
for certification 

Section 2.0 

Section 3 .O Overview of Field Activities: Area preparatiodsurvey, sampling and changes to work 
scope 

Section 4.0 Analytical Methodologies, Data Validation Processes and Data Reduction 

Section 5 .O Certification Evaluation and Conclusions 

Appendix A Statistical Analysis of Sample Data - Initial Sampling 

Appendix B Statistical Analysis of Sample Data - Secondary Sampling 
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Appendix C 

Appendix D 

Appendix E k s k  Assessment Calculations 

Correction of 7-Day Radium-226 Results 

Real Time - Phase 3 Maps 

1.7 FCP CONTROLLED CERTIFICATION MAP 
In order to track the status of certification at the FCP, DOE includes a site map showing the status of the 
soil remediation areas with all Certification Reports. This map is included as Figure 1-2, and it has been 
updated to reflect the status of the areas included in this document. 
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2.0 CERTIFICATION APPROACH 

2.1 CERTIFICATION STRATEGY 
This section summarizes the ASCOC selection process and the certification approach, including CU 
wtnhlishmcnt. sampling dccign. and statistical anal!*cic The  general p ' p o c e  of certification sampling is 

to verify that the post-remediation mean concentration or activity of each ASCOC in the soil is less than 
its FRL at the 95 percent upper confidence level (UCL) (primary ASCOC) or the 90 percent UCL 
(secondary ASCOCs). This certification process also includes the hotspot criterion, which states that if 
any ASCOC concentration exceeds two times its FRL, additional soil remediation and sampling are 
necessaq to remove the hotspot and venfy that the COC is below the hotspot limit. Details on these 
actions are discussed in Section 3.4.5 of the SEP. If the mean residual concentration or activity of all 
ASCOCs are below the FRLs within the respective confidence bounds, and the hotspot criterion is met, 
then the remedial objectives have been achieved for the CU and it can then be released for regrading, 
reseeding and development of a final land use. Additional dlscussion of the certification strategy is 
described in Section 3.4 of the SEP and in the CDL and Certification PSP for Area 6E. 

2.1.1 Area-Suecific Constituents of Concern 
ASCOCs are seIected based on screening criteria and requirements in the SEP. 

2.1.2 ASCOC Selection Criteria 
The selection process for retaining secondary ASCOCs for a remediation area is driven by applying the 
following set of decision criteria: 

It was retained as an ASCOC in adjacent FCP soil remediation areas; 

It is listed as a soil constituent of concern (COC) in the OU5 ROD, and it is listed as an ASCOC 
in Table 2-7 of the SEP for the Remediation Area of interest; 

Analytical results show that a contaminant is present above its FRL, and the above-FRL 
concentrations are not attributable to false positives or elevated contract-required detection limits 
(CRDLs); 

It can be traced to site use, either through process knowledge or known release of the constituent 
to the environment; and 

Physical characteristics of the contaminant, such as degradation rate and volatility, indicate it is 
likely to persist in the soil between time of release and remediation. 

2.1.3 ASCOC Selection Process 
As committed to in the SEP, total uranium, radium-226, radium-228, thorium-228, and thorium-232 (the 
sitewide primaq ASCOCs) must be retained as ASCOCs. Several COCs were retained as secondary 

Document 6736 Document 6736 



FCP-A6EXERTRPT 
20600-RP-0012, Revision 1 

April 2007 

ASCOCs, per the selection criteria noted above. Table 2-1 lists the ASCOCs retained for certification 
evaluation, the reason for their retention and the applicable FRLhenchmark toxicity values. Additionally, 
the ASCOCs for the samples collected in the various utility trenches were defined in variance 208 1 O-PSP- 
0006-142 written to the Project Specific Plan For Excavation Control Of Areas 3b, 4b, And 5 
( S i i ~ p l ~ ~ ~ c ~ ~ f  To 2PZW-PSP-nO 1 '1) Thc  conctitacnts diffcr froni the wrfacc ccrtificntion tinits a? rcccnt 

activities at the surface within this area (e.g. screening, crushing, stockpiling) camed many more 
ASCOCs into the area. 

2.2 CERTIFICATION APPROACH 
2.2.1 Certification Design 
The intent of the certification effort is to certify that ASCOC concentrations in the Area 6E soil footprint 
meet the certification criteria in Section 3.4 of the SEP and the SEP Addendum (DOE 2001). The CU 
design is depicted on Figure 2-1 and the sample locations are shown on Figures 2-2 through 2-12. In 
order to demonstrate that no above-FEU conditions existed in trenches created by utility removal, samples 
were collected from the trench bottoms. Three trench CUs were added after the utility pipes were 
excavated and removed from the area. These utilities were removed after precertification had been 
completed. The data from this sampling effort along with a statistical evaluation (where necessary) are 
presented in Appendices A and B. 

Several factors were taken into consideration when determining the boundaries for each CU within 
Area 6E: historical land use, proximity to other areas of the site, residual COC data, previously existing 
underground storage tanks, and the presence of high-leachability areas. 

Since the northern portion of Area 6E falls within the Former Production Area (FPA), it is considered to 
be an impacted area, and will therefore be comprised of Group 1 CUs to allow for more concentrated 
sampling and to ensure excavation activities removed contaminated soil. The southern portion of Area 6E 
was not within the FPA historically as it was a trailer complex area and was not considered to be 
impacted; therefore this area is comprised of two Group 2 CUs (CUs 11 and 12). Although these are 
classified as Group 2 CUs, each one is considerably less than the typical size of a Group 2 CU, which can 

be as big as 250,000 square feet (e*), with CU 11 being approximately 158,305 ft2 and CU 12 being 
approximately 95,952 e, which provided a sampling density much higher than a typical Group 2 CU. 
However, as discussed in Section 3.2 a portion of CU 1 1 was later determined to contain elevated levels 
of radium-226 thus making it impacted, which warrants even higher sampling density. Section 5.1 
contains the evaluation and response to this condition. 

Two of the 12 group one CUs (CU 18 and CU 19) were defined around soil that was intentionally spread 
across the footprints of several underlying CUs. This soil originated from stockpiles of a soil and debris 
mkmre, whereby the soil portion was previously precertified prior to excavating and stockpiling. The 
~ A I ~ E C E R T ( ~ E R T R E P O R T \ A ~ E € E R ~ - R V I . ~  26,2007 (1022 AM) 2-2 
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excavation was necessary to remove man-made debris primarily from the substation area efficiently and 
effectively, however, the soil was not necessarily contaminated. Once these materials were stockpiled, 
the debris was mechanically removed leaving the precertified soil behind. In order to prove that the 
remaining soil was not chemically or radiologically contaminated, the piles were spread into an 
npprnuirnfltc 1 - h t  lift nith thc houndx-ics idcntificd m d  nmlc  into dicxctc C1.l~ 

2.2.2 Sample Selection Process 
Certification sampling locations were selected according to Section 3.4.2 of the SEP. Each CU was first 
divided into 16 approximately equal sub-CUs. Sample locations were then generated by randomly 
selecting an easting and northing coordinate within the boundaries of each sub-CU, then testing those 
locations against the minimum distance criteria for the CU. If the minimum distance criteria were not 
met, an alternative random location \vas selected for that sub-CU, and all the locations were retested. 
This process continued until all 16 random locations met the minimum distance criteria. 

All sub-CUs and planned certification sampling locations are shown on Figures 2-2 through 2-12. One 
sample location in the CU was designated with a "D", indicating a field duplicate sample collection 
location. 

Prior to commencemencement of sampling activities, all locations were surveyed and field verified to make sure 
no surface obstacles would prevent sample collection at the planned location. 

2.2.3 Certification Samuling 
Samples were collected from the 0 to 6-inch surface soil interval at the designated and surveyed location, 
as described in Section 2.2.2 of this document. AU collected samples were analyzed at an off-site 
laboratory for the five primary ASCOCs using the gamma spectrometry method. Additional information 
regarding the certification sampling and analysis, includmg the secondary ASCOCs for individual areas, 
may be obtained from the CDWCertification PSP for Area 6E. Also, prior to and during the certification 
process, several issues arose which impacted certification sampling in Area 6E. These are described in 
more detail in Section 3.2 of th s  document. 
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2.2.4 Statistical Analvsis 
After data are entered into the Sitewide Environmental Database (SED) and validated, a statistical 
analysis is performed to evaluate the padfail criteria for the CUs. The SEP (Section 3.4.3 and 
Appendix G) notes that two criteria must be met for a CU to pass certification. If the data distribution is 
i1o;ii;nl or !i7gIii)ri1ial. tlic f irst critcrion m i i p n r x  thc 05 pcrccnt tTCI2 c\n thc mcnn pf cnch p r i ~ n n  COC 

to its FRL, or the 90 percent UCL on the mean of each secondary ASCOC. On an individual CU basis, 
any ASCOC with the 95 percent UCL above the FRL for primary ASCOCs (or 90 percent UCL above the 
FRL for secondary COCs) results in that CU failing certification. If the data distribution is not normal or 
lognormal, the appropriate nonparametric approach discussed in Appendix G of the SEP will be used to 
evaluate this first criterion. The a posteriori test dl be performed to determine whether the sample size 
is sufficient for a meaningful conclusion of this comparison. The second criterion is the hotspot criterion, 
which states that primary or secondary ASCOC results must not exceed two times the FRL. When the 
given UCL on the mean for each COC is less than its FRL and the hotspot criterion is met, the CU will be 
considered certified. 

In the event that a CU passes the a posteriori test but hils certification, the following two scenarios will 
be evaluated: 1) localized contamination, and 2) widespread contamination. Details on the evaluation 
and responses to these possible outcomes are provided in Section 3.4.5 of the SEP. 
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Justification Retained as 
ASCOC? ASCOC cub) 

I Total V r m i u n ~  Ycs ‘Prlniq.  Rndionuclidc 
Radium-226 Yes Primary Radionuclide 
Radium-228 Yes Primary Radionuclide 
Thorium-228 Yes Primary Radionuclide 
Thorium-232 Yes Primary Radionuclide 

Lead-2 10 Yes Area7COCa 

Cesium- 137 Yes 

Plutonium-238 

Strontium-90 

Technetium-99 Yes Area 4,6, and 7 COC a 

Thorium-230 Yes Area 4,6, and 7 COC a 

norganics 

Area 4,6, and 7 COC a 

Not detected at concentrations above the 

Not detected at concentrations above the 
No FRL 

No FRL 

All 
All 
All 
All 
All 

1 - 12, 18 
and 19 

and 19 

None 

None 

and 19 

and 19 

1 - 12, 18 

1 - 12, 18 

1 - 12, 18 

- 
Antimony 

Arsenic 

Barium 

1 - 12, 18 
and 19 
1 - 12, 

14, 15, 18 
and 19 

16, 17, 18 
and 19 

Yes 

yes 

Area 7 SWRB COC a 

Area 4,5,6,  and 7 COC a 

Specific COC for USTs 5,8, and 9 

Area 7 SWRB COC a 

Specific COC for USTs 1,2, 5 ,  10, and 17 

1 - 14, 
yes 

Beryllium 

Cadmium 

Chromium 

Fluoride 

Lead 

Manganese 

Mercury 

Molybdenum 

Yes Area 4 ,5 ,6  and 7 COC a 

Area 7 SWRB COC a 

1 - 12, 18 
and 19 

1 - 12, 14, 

Area 7 SWRB COC a . 1 - 12, 14, 
Yes Specific coc for UST 5 18 and 19 

yes Specific coc for UST 5 18 and 19 

No FRL 

yes 

No FRL 

yes 

Yes 

Not detected at concentrations above the 

Area 7 SWRB COC a 

Specific COC for USTs 1,2,5, and 10 
Not detected at concentrations above the 

None 

1 - 14, 16, 
18 and 19 

None 

and 19 
1 - 12, 18 
and 19 

Area 7 SWRB COC a 1 - 14, 18 
Specific COC for USTs 1, 2, and 5 

Area 7 SWRB COC a 
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Retained as 
ASCOC? 

ASCOC 

TABLE 2-1 
ASCOC LIST FOR AREA 6E 

Justification C W )  

Yes Selenium 

yes Silver 

Area 7 SWRB COC a 

Specific COC for USTs 5, 8,9, and 17 

Area 7 SWRB COC a 

Specific coc for UST 5 

14, 15, 17, 
18 and 19 
1 - 12, 14, 
18 and 19 

' 1 - 1 2  

Aroclor- 1254 

Aroclor- 1260 

Dieldrin 

Area4,5,6, and 7 COC a 1 - 12, 14, 
yes specific coc for UST 5 18 and 19 

yes Specific coc for UST 5 18 and 19 
Yes 

Area 4,5,6, and 7 COC a 1 - 12, 14, 

1 - 12, 18 Area 4,5,6, and 7 COC a 
and 19 

Benzo(a)anthracene 

Benzo( a)p yrene 

Benzo( b) fluoranthene 

Benzo(g, h, i)perylene 

Benzo(k)fluoranthene 

Chqsene 

Dibenzo( a, h)anthracene 

Fluoranthene 

1 - 12, 18 
and 19 

1 - 12, 18 
and 19 

1 - 12, 18 
and 19 

1 - 12, 18 
and 19 

1 - 12, 18 
and 19 

1 - 12,18 
and 19 

and 19 

and 19 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

1 - 12, 18 

1 - 12, 18 

Indeno( lY2,3-cd)pyrene 

Phenanthrene 

P yrene 

YeS 

Yes 

Yes 

 area 7 SWRB COC a 

Area 7 SWRB COC a 

Area 7 SWRB COC a 

1 - 12,18 
and 19 

1 - 12,18 
and 19 

1 - 12, 18 
and 19 

yes 1 , 1 , 1 -Trichloroethane 

1 , 1 -Dichloroethene 

1,2-Dichloroethane 

Yes 

Yes 

1 - 12, 
14, 17, 18 

and 19 

18 and 19 

18 and 19 

Area 7 SWRB COC 
Specific COC for USTs 5 and 17 

Area 7 SWRB COC a 

specific coc for UST 5 

specific COC'for UST 5 

1 - 12, 14, 

Area 7 SWRB COC a 1 - 12, 14, 
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ASCOC 

TABLE 2-1 
ASCOC LIST FOR AREA 6E 

Retained as 
ASCOC? Justification C W )  

Yes Xylenes, Total 

I 4-Methyl-2-Pentanone (MIK) 1 Yes IArea 7 SWRB COC a 

environment. 
Area 7 SWRB COC a 

Specific COC for USTs 1, 2, 5, 8, and 9 

Area 7 SWRB COC a 

Trifluorochloromethane 

Heptachlorodibem-pdioxins 

Octachlorodibenzo-pdioxins 

Not detected at concentrations above the 

Not detected at concentrations above the 

No FRL None 

No FRL None 

14,1j 
1 - 12, 14, 
18 and 19 

1 - 12, 

and 19 
14- 17, 18 

1 - 15, 18 
and 19 

None 

1 - 12, 14, 
18and 19 

14 
1 - 15, 18 
and 19 

14 

16, 18 and 19 

18 and 19 

and 19 

18 arid 19 
16 

1 - 12, 14, 

1 - 12, 14, 

1 - 15, 18 

1 - 12, 14, 

None 

1 - 15, 18 
and 19 

a Material from one or more of these areas was staged in the Area 6E footprint, therefore this COC is being 
retained for certification. 

CU 13 = USTs 1 and 2 
CU 14 = UST 5 
CU 15 = USTs 8 and 9 
CU 16 = UST 10 
CU 17 = UST 17 

PAHs - polyaromatic hydrocarbons 
PCBs - polychlorinated biphenyls 
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0 6E-C07-11 

I \ 
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6E--6-2 6EcO6-1 

0 

\ 

\ 

6E-C06-10 0 

0 
6E-C06-11 

6EC06-4 
6E-C06-12 

6E-CO6-3D 0 0 

6EcO6-6. 
I 

6E-C06-14 6E-CO6-5. 6E-C06-13' 
I 0 '  

- 
. .  

6EcO6-16 0 
0 6EcO6-15 
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6E-C12 \ 
\ 6E-Cl0 

I I I 1 1 
LEGEND:  
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3.0 OVERVIEW - OF FIELD ACTIVITIES 

In accordance with the SEP, prior to conducting precertification and certification activities, all soil 
demonstrated to contain contamination above the associated FRLs is removed by excavation. Based on 

Sections 3.1 and 3.2, it has been determined that no further remedial actions are necessary. 

. . .  tllc initin! rcincdkil acticli nild results fiOi1I snmpling 2nd rcal-tii17; scn:1lii11g Z C f l i  itics, sal;ui1:xii.d ii; 

3.1 AREA PREPARATION AND PRECERTIFICATION 
Precertification surveys were performed in the fall of 2006 per the PSP Guidelines for General 
Characterization for Sitewide Soil Remediation, Sections 3.0 and 6.0 (DOE 2005). Real-time survey 
results are presented in Appendix A of the CDL and Certification PSP. Data used to support the 
conclusion that the area is ready for certification consisted of the real-time surveys, predesign sample 
results for areas requiring no remedial action and precertification sample results from the 
excavatdremediated footprints. 

3.2 CHANGES TO SCOPE OF WORK 
The scope of work was documented in the final CDL and Certification PSPs. Throughout the 
certification process, preliminary sample results were reviewed and evaluated for potential contamination. 
As a result, immediate responsive excavations were performed in CUs 01 , 02, 04, OS, 09, 1 1, IS, and 
Utility Trench CUs 0 1 and 03. With the fast paced iterations of excavations and re-sampling events, the 
typical use of V/FCNs was omitted, however the intent, accuracy, and data quality were maintained. 
Throughout the iterative excavations, additional sampling and constant real-time scanning activities took 
place as described below. 

CUO 1 

After the initial round of certification samples were evaluated, preliminary evaluations of the statistics 
demonstrated elevated uranium conditions. The two hghest sample locations were excavated and re- 
sampled. Again, results showed high uranium results so another round of excavation and re-sampling 
was done. As a result of h s  last round of samples, the uranium concentration was brought to within 
acceptable limits. The evaluation of the data is further explained in section 5. 

cu02  
This CU had a hot-spot of greater than 5 pCi/g for radium-226. As such, this hot-spot was excavated and 
re-sampled, which demonstrated passing conditions for radium-226. The evaluation of the data is further 
explained in section 5. 
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CU04 
This CU was one of several that crossed the high-leach boundary. Therefore, as a conservative measure, 
the lower FRL of 20 ppm was used for evaluation purposes. In doing so, one sample fBiled the hot-spot 
criterion for total uranium with a result of 7 1.3. This location was actually outside of the high leach zone 

location was remediated and re-sampled. The hot-spot was effectively removed with this excavation. 
The evaluation of the data is further explained in section 5 .  

b:i: siilcc t11: npproxb  ;ins to considcr t!lc ci;tir: CI-1 2s bciilg Ivit!iin t k  high-lcnch ZOIIC: :his sn~.i;?lc 

CUs 08.09, and 11 
These CUs were found to have elevated radium-226 levels throughout a localized area that crossed the 
boundaries of all three CUs. At several locations within each of these CUs, the radium conditions either 
qualified as hot-spots with their concentrations being greater than 3.4 pCi/g or these locations contributed 
to a failing condition with the UCL on the mean being greater than the FRL of 1.7 pCi/g. As such, 
iterative excavations, re-sampling, as well as Phase I11 Real Time scanning events (See Appendix D) took 
place in an effort to remediate every hot-spot as well as to remediate elevated areas to bring the 
concentration of radium-226 in this area to within acceptable levels. 

CU18 
As discussed in Section 2.2.1, this CU was delineated around the footprint of a flattened screened soil 
pile. The samples from this CU were analyzed for radium-226 on-site for quick-turn “as-is” gamma 
analyses prior to being shipped to an offsite laboratory as it became increasingly evident that radium-226 
was an issue in this area just south of the former 1“‘ Street. However, as the on-site analysis was done 
upon collection and “as-is” (without dry, grind, and homogenization), the data had to be adjusted upward 
to account for ingrowth and expected moisture content. The receipt of the preliminary data confirmed the 
suspicions of elevated radium as several samples from withm this CU showed elevated conditions. In 
response, repeated excavation attempts were made to address the preliminary results that were elevated 
for radium-226 with 40 samples subsequently collected from the CU to provide better coverage. Five of 
the new 40 samples were reported still with elevated radium-226. These five locations were excavated at 
roughly a 10-foot by 10-foot by 1-foot dimension consistent with other excavations throughout the site. 
As this CU was a pile that was spread in an approximate I-foot thickness over existing CUs, which had 
already passed certification requirements, any removal of elevated conditions simply exposed the 
underlying certified CU. Therefore, postexcavation sampling was not performed as any data collected 
would bias the statistics low. This resulted in 35 samples to represent CU 18. After these excavations, 
the preliminary sample results of the 35 samples obtained from the on-site analyses demonstrated that 
CUI 8 would pass the certification criteria. Therefore, the samples were submitted to the off-site lab as 
appropriate and all excavation was halted. The data received from the off-site laboratory many days 
later were slightly elevated when compared to the preliminary data, thus causing this CU to fail the 
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certification criteria relative to the 95% UCL on the mean being 1.806 pCi/g. Subsequently, for 
restoration purposes in response to the persistent wet conditions, the entirety of this area was covered with 
approximately 2-feet of Type D rock to provide a suitable base along with approximately 2-feet of soil 
from the borrow area. The evaluation of the data and subsequent risk assessment for CUI 8 is further 
.... L...p!aiiicd i i i  scctioii 5 .  

Utilitv Trench CUO 1 

This CU had a hot-spot for technetim-99 with a value of 62.1 pCi/g. This hot-spot was excavated with 5 
additional samples collected to verify remediation was complete. The evaluation of the data is further 
explained in section 5. 

Utilitv Trench CU03 
This CU had a hot-spots for total uranium with values of 46.4 ppm and 93.7 ppm as this CU is within the 
High Leachability Area. Both of these hot-spots were excavated and further re-sampled. The evaluation 
of the data is hrther explained in section 5. 
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4.0 ANALYTICAL METHODOLOGIES, DATA VALIDATION PROCESSES AND DATA REDUCTION 

4.1 ANALYTICAL METHODOLOGIES 
All samples collected for the certification effort were sent for off-site analysis. The laboratories complied 
11. i:h Sitcxvidc Comprchcnsi\ac Eni*ironmcnta1 Rcspoiisc. Cnmpcnsntion and Linbilit!, 4ct (CI3CI- 4)  
Quality Assurance Project Plan (SCQ, DOE 2003) requirements. The SCQ is the source for analytical 
methodologies (Appendix G), data verification and validation, and analytical quality assurance/quality 
control requirements. 

Laboratory analyses were conducted using approved analytical methods, as discussed in Appendix H of 
the SEP. Where possible, the minimum detection level (MDL) was set at 10 percent of the FRL and . 

analyses were conducted to Analytical Support Level (ASL) D or E. ASL E is assigned when the MDL 
of 10 percent of the FRL is above the SCQ ASL detection level, but the analyses meet all other SCQ 
ASL D criteria. An ASL D data package was provided and all of the analytical results were validated and 
entered into the FCP SED. Final certification results are provided in Appendix A. A summary of the 
analytical methods follows. 

4.1.1 Chemical Methods 
Polvchlorinated Biphenvl (PCBs)/Pesticides 
Samples submitted for PCB and pesticide analysis were analyzed by gas chromatography. 

Metals 
Samples submitted for metals analyses were either analyzed by inductively coupled plasma-atomic 
emission spectrometry or inductively coupled plasma-mass spectrometry. 

Volatile Organic Compounds NOCs) 
Samples submitted for VOC analyses were analyzed by gas chromatography/mass spectrometry. 

Semi-Volatile Organic Compounds (SVOCs) 
Samples submitted for SVOC analyses were analyzed by gas chromatography/mass spectrometry. 

4.1.2 Radiochemical Methods 
The radmchemical analytical methods use performance-based specification criteria, including highest 
allowable minimum detectable concentration (HAMDC), matrix spike, ASCOC concentrations in method 
blank, percent recovery of tracer, matrix spike and laboratory control sample, and percent recovery for 
duplicate samples were specified for each analyte. Laboratories were required to meet these 
specifications for the following radionuclides : 

Document 6736 Document 6736 



FCP-A6EXERTRPT 
20600-RP-OO 12, Revision 1 

April 2007 

Uranium-23 8 
Samples are analyzed for uranium-238 progeny using multiple gamma rays, and the error-weighted 
average of the emission lines is used to report uranium-238 activity. The uranium-238 activity is used to 
calculate the total uranium value as follows: 

Total Uranium (mgkg) = 2.998544 (mg/pCi * gkg) x Uranium-238 (pCi/g) 

The validation qualifier assigned to the total uranium value is the same as the uranium-238 qualifier. 

Radium-226 
Following a 7-day in-growth for radon-222 (Appendix C), radium-226 progeny are measured using 
multiple gamma rays, and the error-weighted average of the emission lines is used to report radium-226 
activity. 

Wum-228  and Thorium-232 
Samples are analyzed for radium-228 and thorium-232 progeny using multiple gamma rays, and the 
error-weighted average of the emission lines is used to report radium-228 and thorium-232 activities. The 
identical activity is reported for radium-228 and thorium-232, as they are assumed to be in secular 
equilibrium with the measured daughter. 

Thorium-228 
Thorium-228 is quantified by direct measurement of its gamma emission lines, and the error-weighted 
average of the emission lines is used to report the activity. 

Cesium-137 
Cesium-137 is quantified by direct measurement of its gamma emission lines, and the error-weighted 
average of the emission lines is used to report the activity. 

Technetium-99 
Following a chemical separation, technetium-99 is quantified using a liquid Scintillation counter. 

Thori~m-230 
Thorium-230 is quantified by measuring its characteristic alpha emission energies and correcting the 
activity based on the yield of a thorium-229 tracer. 

Document 6736 Document 6736 



FCP-A6E-CER"T 
20600-RP-0012, Revision 1 

April 2007 

Lead-2 10 
Lead-2 10 progeny are measured using multiple gamma rays, and the error-weighted average of the 
emission lines is used to report lead-2 10 activity. 

1 2 D.ZT1 !TRIFIC'=4TI@"! 4VD 1'41 TD-4TIOV 
Data verification and validation (V&V) processes are used to examine the quality of field sampling and 
handling procedures, laboratory analysis and reporting, and non-conformance and discrepancy resolution. 
Analytical data are qualified to the appropriate data decision level by assessing the precision, accuracy, 
completeness, comparability, and representativeness of the measurements. The U.S. Environmental 
Protection Agency (EPA) National Functional Guidelines for Data Review (Inorganic Data) (EPA 1994), 
as adapted and approved by EPA Region V, as well as the Section 1 1.2 and Appendix D of the SCQ, are 
the appropriate V&V reference documents. 

The V&V process evaluated the following parameters: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Specific field f o m  for sample collection and handling 
Chain of Custody Forms 
Completeness of laboratory data package 
Holding times 
Instrument calibrations 
Calculation of results 
Laboratoryhield duplicate precision 
FieldLaboratory Blank contamination 
Dry weight correction for solid samples 
Correct detection limits reported 
RecoveIy of laboratory control samples and compliance with established limits. 

Parameters unique to the evaluation of radiochemical analyses include: 

0 

Background checks 
0 Relative error ratios 

Detector efficiencies 
0 Background count correction. 

Calibration data for specific gamma and alpha energies 

For this project, all sample data were reviewed and validated for the criteria noted above. Per project 
requirements specified in the SEP and Data Quality Objectives SL-052, a minimum 10 percent of the 
certification data were validated to Validation Support Level (VSL) D: and the remaining data were 
validated to VSL B. VSL D is a rigorous data review that includes the review process for VSL B plus a 
systematic review of the raw data and recalculation of all results. 
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Following V&V, qualifier codes are applied to the results to reflect the level of confidence assigned to a 
particular datum. These codes can include the following: 

- 

J 

R 

U 

UJ 

N 

NJ 

Nv 

Z 

No qualification; the positive result or detection limit is confident as reported 

Posmvc result is estimated or imprecise; data point is usablc for dzcision-making purposes. 
Positive results less than the contract required reporting limit are also qualified in this manner 

Positive result or detection tinut is considered unreliable; data point should not be used for 
decision-making purposes 

Undetected result at the stated limit of detection 

Undetected result; detection limit is considered estimated or imprecise; the data point is usable 
for decision-making purposes 

Positive result is tentatively identified - that is, there is some question regarding the actual 
identification and quantification of the result. Compound reported is best professional 
judgment of the interpretation of the supporting data, such as mass spectra. Caution must be 
exercised with the use of ths  data 

Positive result is tentatively estimated; detection limit is considered estimated or imprecise 

Not validated. The results for this sample were not validated 

This result, or detection limit in this analysis is not the best one to use; another analysis 
(e.g., the dilution or re-analysis) contains a more confident and usable result. 

The V&V of the data set in this certification report did not identi@ any analytical problems. All the 
results are qualified as acceptable (-), estimated (J) and/or nondetects (U). No results were rejected. 

4.3 DATA REDUCTION 
Each sample used to support the certification decision was entered in the FCP SED with the following 
information: 

Field Information 

0 

0 

0 

Sample Identification Number - A unique number assigned to each discrete sample point 
Coordinate Information - Northing and Easting locations 
Certification Unit - Each sample is assigned to a CU. 

Laboratow information 
For each sample result the following information is entered: 

Laboratory Result - The laboratory reported analytical value. 

Document 6736 Document 6736 



FCP-A6ECERTRF’T 
20600-RP-0012, Revision 1 

April 2007 

0 Laboratory Qualifier - The qualifier reported from the lab. (Note: radiological nondetect values 
are assigned a U qualifier by Fluor, because the lab does not). 

0 Total Propagated Uncertainty (TPU) - This value represents the uncertainty associated with the 
reported radiological result. TPU includes the counting error, as well as uncertainty from other 
laboratory measurements and data reduction. 

0 Units - The units for the reported laboratory result. 

Validation Information 

0 Validation Result - The result based on the validation process. During the validation process, 
sample results may be adjusted. If the laboratory result is less than the requested minimum 
detectable concentration (MDC), the validation result becomes the MDC. 

0 Validation TPU - The TPU based on the validation process. 

0 Validation Qualifier - The qualifier assigned as a result of the data validation process. 

0 Validation Units - The units reported by the laboratory, unless corrected by the validation 
process. 

Using the information above, the following actions are taken for data reduction of each CU data set. 

1. 

2. 
3. 
4. 
5 .  

All the data for each CU are queried from SED. 
The data from the validation fields are used in the statistical calculations 
Data with a qualifier of R or 2 are not used in the statistical calculations 
The higher of the two duplicate results is used in the statistical calculations 
One half of the nondetect (U or UJ) value is used in the statistical calculations. 
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5.0 CERTIFICATION EVALUATION AND CONCLUSIONS 

Certification success or failure is based on comparing sample data from the CU against criteria discussed 
in Section 2.2.4. Subsequent to the evaluation of preliminary data, h l l  statistical analysis and evaluation 
X; p ~ i - f a ~ ~ i d  01i dl i d i d ~ t c d  data thai: c:,ci.cd :!IC FRL. Fiiiinl c~r?rificn:ior; data arc prcscntcd iii 

Appendix A. 

5.1 CERTIFICATION RESULTS AND EVALUATION 
Below is a summary of the analytical results and statistical analyses of the data for each CU in Area 6E. 

CUO 1 
This CU passed the certification criteria as outlined in Section 2.2.4 for all COCs except for total 
uranium, which failed the a posteriori test and indicated that the UCL on the mean was slightly above the 
FRL. As this CU is withm the high-leach zone, the lower FRL of 20 parts per million (ppm) was used for 
evaluation. M e r  further review of the CU design relative to the border between ths  CU and CU05, it 
was realized that two points in CU05 (6E-C05-1 and 6E-C05-2) fell within the high leach mne due south 
of CUO 1 and should be evaluated against the lower FRL of 20 ppm along with CUO 1. Therefore, in 
addition to the original 16 points in CUO 1, the two points in CU05 were included in the evaluation of 
CUO1. The highest three locations (sample points 6E-CO1-7,6E-CO1-12, and 6E-C05-2) were excavated 
and resampled along with another random location within each sub-CU to demonstrate that there are no 
elevated conditions within the sub-CUs. The newly collected data was evaluated and the higher of the 
two results fiom these sub-CUs was used for statistical evaluation, similar to how duplicates are treated 
for evaluation. As a result, this all-inclusive hgh-leach CU passed all certification requirements. Final 
certification data are presented in Appendices A and B. 

cu02  
This CU passed the certification criteria as outlined in Section 2.2.4 for all COCs except for radium-226, 
which failed the a posteriori test. Additionally, the evaluation of preliminary excavation control data for 
sample point 6E-C02-7 indicated that there was a hotspot of over 5 picocuries per gram (pCi/g) 
radium-226. In response, this area was excavated and resampled along with another random location 
within this sub-CU to demonstrate that there are no elevated conditions within the sub-CU. The newly 
collected data was evaluated and the higher of the two results from this sub-CU was used for statistical 
evaluation, similar to how duplicates are treated for evaluation. After excavation and resampling, this CU 
passed all certification requirements. Final certification data are presented in Appendices A and B. 

CU03 
This CU passed all certification requirements. F d  certification data are presented in Appendis A. 
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CU04 
This CU passed the certification criteria as outlined in Section 2.2.4 for all COCs except for total 
uranium, which failed the hotspot criterion with sample point 6E-C04-16 having a result of 71.3 ppm 
uranium. As the majority of this CU is within the high-leach zone, the lower FRL of 20 ppm was used for 
c\a!ticlti;n T];S CL' IS OK that ~ S C I  crosscs tlic liigk-!~a~!~ botli1kir> this Sali.iplC pol11: (5E-C94-16) 

actually falls outside of the high-leach area. However, as a conservative measure, this sample location 
was considered part of the high-leach CU and as such, held to the more restrictive criterion. Therefore, 
this location was excavated and resampled along with another random location within this sub-CU to 
demonstrate that there are no elevated conditions within the sub-CU. The newly collected data was 
evaluated and the higher of the hvo results from this sub-CU was used for statistical evaluation, similar to 
how duplicates are treated for evaluation. After excavation and resampling, this high-leach CU passed all 
certification requirements. Final certification data are presented in Appendices A and B. 

CU05 
As described earlier under CUO 1 , two sample locations within this CU fall within the high-leach zone and 
were evaluated with CUOl . The remainder of the sample locations in CU05 were evaluated as a unit. 
This CU passed all certification requirements. Final certification data are presented in Appendix A. 

CU06 and CU07 
.These CUs passed all certification requirements. Final certification data are presented in Appendix A. 

CUO8, CUO9 and CUI 1 
These CUs passed the certification criteria as outlined in Section 2.2.4 for all COCs except for 
radium-226, where CU09 and CU 1 1 failed the hotspot criterion and all three CUs failed the a posferiori 
test and indicated that the UCLs on the mean were above the FRL. The entire central section of CUO8 was 
re-excavated in response to the elevated conhtions. Similarly, a large portion of CUO9 as well as the 
northwestern portion of CUI 1 was re-excavated. After reviewing this pattern of contamination it was 
clear that this footprint was the exact footprint used for months during the concrete crushing operation of 
materials from the Silos Area. This excavation demonstrated that the area of contamination, once 
removed,-should be resampled and grouped into a single CU for evaluation. Therefore, a redefined CU 
(shown on Figure 5-1) was created that took into account portions of CUO8 and Cu l l :  and CU09. This 
area was resampled and the resulting data were evaluated as a single CU. The redefined CU, termed 
"CUO8-09-11 Combined (NORTH)": was evaluated as a unit. This CU passed all certification 
requirements. 

Based on the hc t  that the northern portion of CUO8, CUO9, and CUI 1 were redefined into a separate CU, 
the southern portions of the CUs were isolated. Therefore, the remainder of these CUs was then 
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combined into another distinct CU. This southern remainder was grouped and termed “CUO8-11 
Combined (SOUTH)”. The resultant CU was evaluated and passed all certification requirements. 
Although the size of these redefined CUs is larger than a typical Group 1 CUs, the density across these 
CUs is greater than that of a typical Group 1 CU. Final certification data are presented in Appendix B. 

CUlO 
This CU passed all certification requirements. Final certification data are presented in Appendix A. 

CU12. CU13, CU14, CU15. CU16 and CU17 
These CUs passed all certification requirements. Final certification data are presented in AppenQx A. 

CU18 
After the initial round of sampling, this CU had a UCL on the mean slightly greater than the FRL (See 

Appendix A). Because of this condition, this widespread contamination was excavated throughout the CU 
targeting the hghest concentration areas. In addition to that intensive excavation and as a conservative 
measure the CU with remaining soil was resampled at a much higher density (40 samples for this CU) to 
provide better coverage (Figure 5-2) and submitted for on-site gamma analysis. The resulting data were 
evaluated, whch demonstrated that the 95% UCL on the mean still failing the certification requirements 
with a value of 1.726 pCdg as compared to the FRL of 1.70 pCdg. These preliminary statistics are shown 
in Appendix B. Further excavation of the five highest results was performed. With these concentrations 
removed from consideration the results fiom the remaining 35 preliminary samples were statistically 
evaluated, which demonstrated that this CU would pass all certification requirements (See Appendix B). 
Therefore, these samples were subsequently submitted to the off-site laboratory for analysis. Upon 
receipt of the off-site data, which showed differing results, a statistical evaluation was performed. This 
new statistical analysis demonstrated, once again, a failing condition for radum-226 with a 95% UCL on 
the mean of 1.806 pCdg (See Appendix B). At this time, the infrastructure for hrther excavation was 
greatly reduced. Therefore, in an effort to demonstrate that this singular parameter does not provide an 
unacceptable risk to hture land use, a separate residual risk assessment was performed. See section 5.2 
below. 

cu19  
This CU passed all certification requirements. Final certification data are presented in Appendix A. 

Utilitv Trench CUs 
During utility removal, samples were collected from the bottom of the trenches to certi+ the soil footprint 
under the utilities. The data were partitioned into three CUs, and the results and statistical evaluation 
(if needed) are presented in Appendices A and B. 
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Utility Trench CUOl 
This CU passed the certification criteria as outlined in Section 2.2.4 for all COCs except for 
technetium-99, which failed the hotspot criterion with a result of 62.1 pCi/g, however, even with this high 
rcsujt t!:e LT'1.. on tlic mcnn and thc n pcdcriori pxscd oll certificntinn requircmentc. Ticrefore. the 
hotspot was excavated with five additional locations collected. Four in the cardinal directions and one 
directly beneath the location with all samples being nondetect. The o r i g ~ l  data are presented in 
Appendix A, which show the hot-spot value for Tc-99. The final passing statistics are presented in 
Appendix B, which show the bounding samples as a result of the hot-spot excavation. 

Utility Trench CU02 
This CU passed all certification requirements. Final certification data are presented in Appendix A. 

Utility Trench CU03 
This CU passed the certification criteria as outlined in Section 2.2.4 for all COCs except for total 
uranium, which failed the hotspot criterion vrith sample points 4A6-T-94 and 4A6-T-97 of 46.4 ppm and 
93.7 ppm respectively. As this CU is within the high-leach zone, the lower FRL of 20 ppm was used for 
evaluation. These points were excavated and additional samples were collected. After excavation and 
resampling, this hgh-leach CU passed all certification requirements. Final certification data are presented 
in Appendices A and B. 

5.2 RISK EVALUATIONS FOR CU 18 
Although repeated excavation attempts were made to remove residual radium-226 contamination from 
soil in CU 18, it did not pass the certification criterion for the 95 percent UCL being less than the FRL. 
The 95 percent UCL of the mean for radium-226 in CU 18 is 1.8 1 pCi/g, which is greater than the FRL of 
1.7 pCi/g. However, the 1.8 1 value is only 0.3 1 pCi/g above the background rad~um-226 value of 1.5 
pCi/g, which is approximately 6 percent of the allowable radium-226 activity of 5 pCi/g above 
background established in 40 CFR 192 (for inactive uranium tailings sites), as adopted by DOE Order 
5400.5, for unrestricted release to the public. Additionally, no single sample result for radium-226 
exceeds 30 times the FRL (5 1 pCi/g), which is the DOE Order 5400.5 hotspot criterion for free release. 
Therefore, for this special case, a risk assessment was performed for CU 18 in Area 6E (Figure 5-2) to 
demonstrate that the residual contamination values in the CU remain protective of human health and the 
environment, per Section 10.1.1 of the OU5 ROD. 

CU 18 is taken as the exposure area where the undeveloped park user spends 100 percent of their time, 
which is a conservative assumption because this receptor is likely to traverse the entire area viewing birds 
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as they hike the trails. Worker receptors are unlikely to be exposed to CU 18, as there is no basis for 
performing work in this specific area of the site. Additionally, the soil footprint in CU 18 was covered 
with approximately 2 feet of Type D rock and 2 feet of soil from the OSDF borrow area (total thickness 
of about 4 feet) to prepare the area for final restoration grading. Therefore, there is a large shielding 
Gctdi from t l iG  4 feet cjf lll,it;iid, but hi;ldiiig crcJit iii tlx risk cn!ciilntioi; 01111 inc lads  ~h: naiiiinn! 5 
inches of topsoil placed in other restored areas. 

The exposure parameters for the undeveloped park user evaluated in this assessment apply to a child, 
youth, adult and senior adult that visit the park to hike, picnic, and observe birds. These individuals 
inhale air that contains radon and soil particulate suspended by the wind, and they contact soil and surface 
water while hiking trails and sitting on the ground for a picnic. Contact with soil and surface water results 
in dermal exposure as well as incidental mgestion. The receptor is also exposed to external radiation from 
radioactive isotopes present in the environmental media. Exposure pathways and parameters are 
summarized in Table 5-1 on the following page. The rationale and reference for each exposure parameter 
are discussed below. 
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TABLE 5-1 
EXPOSURE PARAMETERS FOR THE UNDEVELOPED PARK USER 

EF = expsure frequency 
BW = body weight 
AT, = averaging time for carcinogens 
ET = exqosure time 
SA = surface area of skin 
ABS = absorption factor 
DA = dose absorbed per event 

ED = expsure duration 
AT,, = averaging time for noncarcinogens 
IR = inhalation or ingestion rate 
FI = fraction of ingested soil that is contaminated 
AF = adherence factor for skin 
SH = shielding factor 
CSV = chemical specfic value 
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Exposure Frequency (EF): The number of days per. year (d/yr) that a receptor visits the site is the EF. EF 
is assumed to be 20 d/yr, about every other week, for the child and adult. A higher frequency of 40 dy r  is 
assumed for the youth and senior adult to account for extra recreation time available to these age 
receptors. For example, the youth who can drive will be able to spend additional time at the park after 
scl~001, xlati i  i' LO ;i \iuikiiig adiilt aid ~ u ~ i i g  cliild. 

Exposure Duration (ED): The ED is the number of years over which an individual will visit the park. 
EPA ( 1989a) notes that national trends show individuals do not live in a region of the country for more 
than 30 years. Therefore, 30 years is used as the sum across the age groups, with the years partitioned 
into 3 years for child, 6 for youth, 14 for adult and 7 for senior adult. 

Body Weight (BW): EPA (1 997) has tabulated BW for individuals. The adult and senior adult are 
equated to the mean BW in EPA Table 7-1 1, which is rounded to 70 kg. An average of mean values 
reported for ages 7 to 18 (EPA Table 7-3) is rounded to 47 kg for the youth. The child mean values 
reported for ages 0 to 6 (EPA Table 7-3) are used to derive an average weight of 15 kg. 

Averaging Time for noncarcinogens (ATnc): Averaging time refers to the number of days over which 
the toxin acts on the body. EPA (1 989a) defines the averaging time for noncarcinogen chemicals as the 
exposure duration multiplied by 365 daydyr. 

Averaging Time for carcinogens (ATc): For carcinogenic compounds and radioactive isotopes, EPA 
(1989a) assumes the carcinogen acts over a 70-yr lifetime for the individual. Therefore, averaging time 
(days) for carcinogens is 70 yrs multiplied by 365 days/yr. 

Inhalation Rate (IR): The volume of air which an individual breathes each hour is the IR. EPA (1997) 
reports the same value (1 .O m3/hr) for the child and adult receptors for short term exposure and light 
activities (EPA Table 5-23). Therefore, this value is used for all age groups. Short term exposure and 

light activities are applicable to a park visitor that spends an hour or two hiking trails and watching birds. 

Exposure Time (ET) for Air: The amount of time the receptor spends at the park each visit. As the park 
is undeveloped, the assumption is made that the receptor will spend a fraction of a normal day (two hours) 
inhaling dust and radon gas on each day they visit the undeveloped park. 

Ingestion Rate (IR) for Soil: The mass of soil that is ingested incidentally each day is the IR. EPA 
(1989b & 1997) estimates that a residential child will ingest 0.2 g/d, which is lowered to 0.1 g/d for the 
adult. The IR for the youth and senior adult is assumed to be similar to the adult. 
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Fraction of Ingested Soil that is Contaminated (FI): In some risk exposure scenarios, a receptor may pass 
in and out of contaminated soil zones, and only a fraction of the ingested soil will contain contaminants. 
For the IRRA, the receptor is assumed to spend 100 percent of their park time in a contamination zone, 
and FI is set equal to 1 .O. 

Surface Area (SA), Dermal Contact with Soil: The skin SA exposed to soil is assumed to be the head, 
hands, forearms and lower legs. All SA values for body parts are obtained from EPA (2004, Exhibit C-l), 
and the sum for these body parts appears in Table 5-1. 

Adherence Factor (AF): The AF for soil to skin is taken from EPA (2004). For a residential scenario, the 
AF value is 0.2 for child and youth, and 0.07 for adult and senior. 

Shielding Factor (SH): The SH accounts for material between the receptor and radiation source that can 
attenuate the external radiation received by an individual. For outdoor conditions on the site, the SH is 
taken as 0.25 to account for substantial surface-water coverage (water shields radiation emitted from the 
soil below the water) and the placement of clean topsoil over the remedial footprint (clean topsoil shields 
radiation emitted from soil below the topsoil). 

Ingestion Rate (IR) for Surface Water: The 1997 EPA Exposure Factors Handbook does not contain 
guidance on the surface-water pathway. An older version of the handbook (EPA 1989) assigned 0.05 liter 
per hour ( L h )  for an adult swimmer. As swimming in the ponds on site is not allowed, the incidental 
ingestion is attributed to illegal wading and splashing in the water. This transient activity is assumed to 
generate an ingestion rate of 0.035 L/hr for the child and youth. The adult and senior adult receptors are 
assumed to receive approximately half this dose, or 0.015 L h .  

Exposure Time (ET) for Surface Water: As swimming is not allowed in the ponds on the site, contact 
with water will be a transient activity of short duration. It is assumed that the receptor will spend one 
hour wadmg and splashing on each summer day spent at the undeveloped park. 

Exposure Frequency (EF) for Surface Water: It is assumed that illegal wading in the s u h c e  water will 
take place only during the summer months. Therefore, the all receptors are assumed to spend one day 
each weekend of the 12 summer weeks (12 dyr) contacting the water. 

SurFace Area (SA), Dermal Contact with Surface Water: The skin SA exposed to soil is assumed to be 
the face, hands, forearms, feet and lower legs. All SA values for body parts are obtained from EPA (2004, 
Exhibit C-1), and the sum for these body parts appears in Table 5-1. 
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Dose Absorbed (DA) per Event, Dermal Contact with Surface Water: This is a chemical specific value 
that is calculated from the permeability constant and chemical concentration in the water. All constants 
and chemical concentrations used in this calculation are tabulated in Appendix E. 

Risk catcalations \\-crc pcrformcd asirig ths cquntionc in fr Coiiypdicnsi-,-c Rtspoiisc .4ctinn Risk 

Evaluation (CRARE;Appendix H of the Feasibility Study Report for OW), which reflect the equations in 
EPA's Risk Assessment Guidance, Part A (EPA 1989b), the exposure parameters in Table 5-1, and the 
November 2006 cancer slope factors and reference doses obtained from the EPA website (radionuclide 
tables and the Integrated Risk Information System database) and the Oak Ridge Risk Assessment 
Mormation System (MS). The affected target receptor for these calculations is the undeveloped park 
user. All equations, slope factors, reference doses, and contaminant concentrations are provided in 
Appendix E. 

In general, conservative assumptions were used in the calculations. First, the soil contaminant 
concentrations in CU 18 represent the 95 percent UCL or maximum value (if 95% UCL was unavailable) 
of each contaminant evaluated in CU 18 and water contaminant concentrations (Appendix E) represent 
the average value derived from pond samples collected in November of 2006. This is conservative 
because the soil footprint of CU 18 is covered with 2 feet of Type D rock and 2 feet of topsoil from the 
OSDF borrow area, where soil contaminant concentrations are lower. Second, if all soil sample results 
were below the detection limit for a given contaminant, the detection limit value was used, rather than 
one-half of the limit. However, if the average value for a non-radiological surface-water contaminant 
corresponded to a detection limit value (i.e., all results were at the detection limit) one-half of the 
detection limit was used in the risk calculation, due to the sensitive of dermal exposure in the surface- 
water pathway. Third, the receptor is assumed to spend 100 percent of their time in CU 18. Lastly, 
cancer slope factors reflect short-lived radioactive daughters in equilibrium with their parent isotope. 

Risk calculations for every contaminant and each pathway are presented in Appendix E, and a summary 

of the cumulative results are presented in Table 5-2 in terms of the hazard quotient (HQ) and incremental 
lifetime cancer risk (ILCR) for each pathway and the sum of all pathways. Non-cancer health risks, due 
to exposure to non-radiological chemicals, are evaluated by application of a reference dose for oral and 
inhalation exposure routes. A reference dose estimates the upper bound chronic dose of a chemical that a 
human receptor can be exposed to without suffering ill effects. The contaminant intake for a receptor is 
divided by the appropriate reference dose factor to yield the HQ. If the HQ is greater than 1, a negative 
health impact to the receptor is anticipated. Cancer slope factors are published values that specify a 
cancer morbi&@ value (risk) to a receptor for a given quantity of contaminant intake, referred to as an 
ILCR. The resulting value determines whether post-remedial concentrations of contaminants will result 
in a cancer risk that is in compliance with CERCLA guidance and the OU5 ROD. 
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PATHWAY 

Inhale 
Dermal Soil 
hgest Soil 

Dermal Surface Water 
Ingest Surface Water 
External Radiation 

SUM OF ALL PATHS 

Results in Table 5-2 represent total ris-. (Le., no background subtracted) anc, they indicate the 
undeveloped park user in CU 18 is in compliance with the CERCLA guidance and OU5 ROD (i,e., 
cumulative sum for HI is less than 1 and ILCR is less than 10-4). Each pathway in Table 5-2 yields a risk 
thzt is dcgcndcnt on the contnminnnts present. nnc! the contr ibdon of ench contnminnnt to tiic risk is 

provided in Appendix E. For the undeveloped park user, the pathways contributing the most to the sum 
HQ value are dermal surface water and ingest soil. Organic contaminants (using the default of one-half 
their detection limit) are the primary source for the HQ dermal surface water exposure, and uranium and 
arsenic are the primary contaminants responsible for the HQ dermal soil value. Total ILCR for the 
undeveloped park user is driven primarily by dermal exposure to surface water and, again, the organic 
contaminants are responsible for about two-thirds of the total ILCR value. Radon inhalation is the other 
primary contributor to the total ILCR value. Details for each pathway and contaminant are provide in 
Appendix E. 

Undeveloped Park User 
HQ ILCR 

1.27E-04 1.50E-05 

2.1 OE-03 7.83E-07 

1.16E-02 4.22E-06 

6.23E-02 5.35E-05 

2.23E-03 1.89E-07 

NA 4.09E-06 

7.84E-02 7.78E-05 

TABLE 5-2 
SUMMARY OF RISK TO THE UNDEVELOPED PARK USER IN CU 18 
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5.3 CERTIFICATION CONCLUSIONS 
Based on the certification analytical results, precertification data, statistical analysis, and risk assessment 
calculations, DOE has determined that the remedial objectives in the OU5 ROD have been achieved for 
Area 6E CU 18. Additionally, the Oak Ridge Institute for Science and Education (ORISE) conducted an 
ii1cfcpc11d:ilt m?lioIogicn! Stiri-c! of thc Fcrnnld citc 2nd ?!IC\. conc?udcd thnt the remcdinl nction: w r f  

effective in meeting the established FRLs (ORISE 2006). Therefore, no further remedial actions are 
required and this portion of the FCP will be released for restoration and final land use upon EPA and 
OEPA concurrence. 
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APPENDIX A 
STATISTICAL ABBREVIATIONS AND SYMBOLS 

The procedure used to determine if the data follow a normal or lognormal distribution is outlined in 
Section G.2.3 of Appendix G to the SEP. The second paragraph under “Step 3: Perform the 
Shapiro-Wilk Test to evaluate if the data are normally or lognormally cfistributed“ states that -%the 
Shapiro-Wilk Test indicates both normal and. lognoxmal distributions fit the data, the distribution with the 
highest p-value will be used in the Student’s t-Test (Section G.2.2.2) to make the certification decision.” 
Therefore, the distribution testing procedure is not a matter of transforming the data and then testing for 
lognormality only when the normality assumption fails as the comment seems to imply. The method is to 
test both normality and lognormality and select the distribution that ”best” fits the data as defined by the 
test yielding the higher p-value above a minimum acceptable value. The minimum acceptable p-value for 
acceptance of a distribution was set at 0.05. 

Abbreviations: 

W-Statistic Probability - Shapiro-Wilk probability of the “better” fit - either normal or lognormal 
(note: a value less than 0.05 indicates that neither normality nor lognormality could be accepted, but the 
highest p-value is still shown.) 

t-Test (N) - indicates that the normal distribution is best fit to data with a p-value greater than or equal 
to 0.05. 

t-Test (LN) - indicates that the lognormal distribution is best fit to data with a p-value greater than or 
equal to 0.05. 

Sign Test - the Sign test was used because one of the following situations occurred: 
1. there were greater than 50 percent nondetects, 
2. between 15 and 50 percent nondetects and data not symmetrically distributed, 
3. less than 15 percent nondetects, but fails Shapiro-Wilk test for both normality and lognormality 

and data not symmetrically distributed. 

Wilcoxon SR - the Wilcoxon Signed Rank procedure was used because of one of the following situations: 
1. between 15 and 50 percent nondetects and data symmetrically distributed, 
2. less than 15 percent nondetects, but fails Shapiro-Wilk test for both normality and lognormality 

and data symmetrically distributed. 

Note: Data was considered to be “symmetrically distributed” if the Standardized Skewness had an 
Absolute Value of less than or equal to 2.00 (i.e., between -2.00 and 2.00). 

Number of NDs - number of nondetects. 

@. - maximum result was below the FRL indicating that no statistical result needed to be report 
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APPENDIX B 

SAMPLING RESULTS AND STATISTICS 
SECONDARY SAMPLING 
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Certification Unit 1 - Uranium 

SAMPLED 
6E-CO 1 - 1 
6E-CO 1-2 
6E-CO 1-3 
6E-CO 1-4 
6E-CO 1-5 
6E-CO 1-6 
6E-Cnl -II 
6E-CO 1 -8-D 
6E-CO 1-9 
6E-C01-10 
6E-C01-11 
6E-CO 1 - 13 
6E-CO 1 - 14 
6E-C01-15 
6E-CO 1 - 16 
6E-CO 1-1 9 
6E-CO 1-20 
6E-C05-1 
6E-C05-17 

units 

Nondetects 

Uranium, Total 
20 - 
12 - 

18.8 - 
4.86 - 
4.28 - 
15.6 - 
17 - 

19.6 - 
22.4 - 
16.3 - 
12.1 - 
23.7 - 
23.1 - 
6.55 J 
7.96 J 
21.8 - 
13 - 

5.36 J 
8.75 J 

20 

95% 
23.7 - 
m a g  

Yes 
15.4% gu) 

Normal 
18 
0 

0% 
14.23 1 
17.02 

Pass 

o posteiiori Sample 10 
Size calculation Pass 

6-1 
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Certification Unit 2 - Radium-226 

SAMPLED 
6E-C02- 1 
6E-C02-2 
6E-CO2-3 
6E-CO2-4 

6EC02-6 
6E-C02-5 

6E-C02-8 
6E-(202-9 
6E-CO2- 10 
6E-C02- 1 1 
6E-C02- 12 
6E-C02- 13 
6E-CO2- 14 
6E-C02- 14-D 
6E-CO2-15 
6E-C02- 1 6 
6E-C02-17 

Limit 
Units 

Max. > Limit 

Nondetects 

Pass I Fail 

Radium-226 
0.978 - 
1.06 - 
1.26 - 

0.837 - 
1.6 - 

0.847 - 
0.944 - 
0.888 - 
2.64 - 
0.857 - 
0.86 - 
1.86 - 
0.83 - 
0.815 - 
1.89 - 
1.48 - 
1.22 J 

1.7 
mg/kg 
95% 
2.64 
Yes 

2.5% (LN) 
Median (Sign) 

16 
0 

OYO 
1.018 
1.48 

Pass 
- -  

a posteriori Sample 14 
Size calculation Pass 

6-2 
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SAMPLEID 
6E-CO4- 1 
6E-C04-2 
6E-(204-3 
6E-C04-4 
6E-CO4-5 
6E-(204-6 
6E-C04-7 
6E-(204-8 
6E-C04-9 
6E-C04- 1 0 
6E-C04- I 1 
6E-CO4- 12 
6E-C04- 12-D 

I 

W-statisti~ Rob. # I Test Procedure 
Sample Size 
Nondetects 
% Nondetects 
Est. Mean* 

Prob. > Limit 
Pass I Fail 

Uranium, Total 
12.7 - 
17.5 - 
4.86 - 
24 - 

8.03 - 
28.2 - 
15.8 - 
29 - 

6.72 - 
14.8 - 
18.7 - 
4.57 J 
5.6 - 
15.2 - 
5.08 - 
5.01 J 
16.7 J 

20 

95% 
29 
Yes 

10.5% (N) 
Normal 

16 
0 

0% 
14.244 
17.78 

Pass 

mgfl<g 

- -  

a posteriori Sample 
Size calculation 

~ 

Certification Unit 4 - Uranium 
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Certification Units 8,9, and 11 North - Radium-226 

SAMPLED 
6E-C20-1 
6E-C20-2-R1 
6E-C20-3R2 
6EX20-4 
6EC20-5A 
6E-C20-6R 1 A 
6E-C20-7 
6E-C20-8 
6E-C20-9R 1 A 
6E-C20-10 
6EC20-11 
6E-C2O- 12 
6E-C2O- 13 
6E-C20- 14 
6E-C20-15 
6E-C20-16 
6EC08-10"RMPS 
6EC08-20A"R 
6E-CO8-22A"R 
6E-CO8-23"R 
6EC08-26"R 
6E-CO8-5"RMPS 
6EC09- 1"RMPS 
6E-CO9-2"RMPS 
6EC09-3"RMPS 
6E-CO9-5"RMPS 
6E-CO9-6"RMPS 
6E-CO9-7"RMPS 
6E-CO9-8"RMPS 
6E-CO9- 13"RMPS 
6E-C09- 15"RMPS 
6E-CO9-34"R 
6E-CO9-35"R 
6ECO8-1"RMPS 
6E-CO8-2"RMPS 
6E-CO8-3"RMPS 
6E-CO8-4"RI"S 

Limit 
Units 
Conf. Level 
Max. Result 
Max. > Limit 
W-statistic Prob. # 
Test Procedure 
Sample Size 
Nondetects 
% Nondetects 
Est. Mean* 
UCL 
Prob. > Limit 
Pass / Fail 

Radium-22f 
1.817 - 
1.343 - 
2.322 - 
1.269 - 
1.659 - 
1.480 - 
1.564 - 
1.448 - 
1.543 - 
1.280 - 
2.238 - 
1.511 - 
1.416 - 
2.417 - 
1.416 - 
1.009 - 
0.868 - 
1.469 - 
3.112 - 
2.469 - 
1.364 - 
1.014 - 
1.574 J 
0.981 J 
1.385 J 
1.027 J 
0.994 J 
1.332 J 
1.111 J 
1.543 J 
1.448 J 
2.438 - 
2.248 - 
0.984 - 
1.174 - 
0.884 - 
1.227 - 

1.7 

95% 
3.1 12 
Yes 

8.1% (LN) 
Lognormal 

37 
0 

0% 
1.522 
1.67 

Pass 

mglkg 

_ _  

a posteriori Sample 
Size calculation 

, 

84 
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SAMPLEID 
6E-C 1 1-22 
6E-C 1 1-23 
6E-Cl1-11 
6E-(211-12 
6E-(211-13 
6E-(211-14 
6E-Cll-15 
6E-(211-16 
6E-Cll-27 
6E-Cl1-4 
6E-C 1 1-6 
6E-C 1 1 -7A 
6E-C 1 1-8 
6E-COS- 1 1 
6E-COS-12 
6E-CO8- 1 3 
6E-COS- 14 
6E-COS-15 
6E-CO8- 16 

Limit 
Units 
Conf. Level 
Max. Result 
Max. > Limit 
W-statistic Prob. ## 
Test Procedure 
Sample Size 
Nondetects 
'YO Nondetects 
Est. Mean* 
UCL 
Prob. > Limit 
Pass / Fail 

~~~ 

Certification Units 8 and 11 South - Radium-226 

Radium-226 
1.606 - 
1.690 - 
1.164 - 
1.585 - 
1.638 - 
1.301 - 
0.854 - 
1.290 - 
1.764 J 
1.459 - 
1.259 - 
1.438 J 
1.037 - 
1.290 - 
1.595 - 
1.290 - 
2.469 - 
1.122 - 
1.459 - 

1.7 

95% 
2.469 
Yes 

63.6% (LN) 
Lognormal 

19 
0 

0% 

mg/kg 

1.439 
1.59 - -  
Pass 

a posteriori Sample 
Size calculation 

B-5 
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SAMPLEID 
1A6-T-73 

a posteriori Sample 
Size calculation 

1A6-T-79 
4A6-T-80 
4A6-T-83C 
1A6-T-83E 
1A6-T-83N 
1A6-T-83S 
1A6-T-83 W 
1A6-T-84 
1A6-T-85 
IA6-T- 1 04 
IA6-T-105 
1A6-T- 106 
IA6-T-107 
IA6-T- 108 
IA6-T-109 

- -  
- -  

Limit 
Units 
Conf. Level 
Max. Result 
Max. > Limit 
W-statistic hob. # 
Test Procedure 
Sample Size 
Nondetects 
% Nondetects 
Est. Mean* 
UCL 
hob. > Limit 
Pass I Fail 

Utility Certification Unit 1 - Technetium-99 

Technetium-99 
3.34 - 
2.01 u 
2.07 U 
0.774 U 
0.772 U 
0.756 U 
0.757 U 
0.812 u 
2.02 u 
1.76 U 
2.05 U 
2.21 u 
2.29 U 
2.13 U 
2.13 U 
2.13 U 

30 

90% 
3.34 
Yes 

PCik 

16 
15 

94% 

B-6 
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Utility Certification Unit 3 - Uranium 

Max. > Limit 

Test Procedure 
Sample Size 
Nondetects 
% Nondetects 
Est. Mean* 
UCL 
Rob. > Limit 
Pass / Fail 

W-statistic Rob. # 

I 

SAMPLEID 
4A6-T-94- 1 
4A6-T-97- 1 
4A6-T-88 
4A6-T-89 
4A6-T-90 
4A6-T-9 1 
4A6-T-92 
4A6-T-93 
4A6-T-95 
4A6-T-96 
4A6-T-98 
4A6-T- 102 
4A6-T- 120 
4A6-T- 12 1 
4A6-T- 122 
4A6-T- 123 
4A6-T- 1 24 
4A6-T- 125 
4A6-T- 126 

Limit l- 

Uranium, Total 
4.93 - 
1.43 - 
15.1 - 
6.8 - 
20.4 - 
11.4 - 
20.7 - 
26.1 - 
7.13 - 
31.2 - 
12.8 - 
6.07 - 
12.1 - 
10.2 - 
5 -  

5.67 J 
4.46 - 
3.36 U 
9.39 - 

~~ ~ 

20 

95% 
31.2 - 
Yes 

49.4% (LN) 
Lognormal 

19 
1 

mgfl<g 

5% 
1 1.897 
18.96 - -  
Pass 

a posteriori Sample 
Size  calculation 

8-7 
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CUI8 - Radium-226 High Density Sampling 

6E-Cl8-TG20 
6E-Cl8-TG21 
6E-Cl8-TG22 
6E-Cl8-TG23 

6E-Cl8-TG25 
GE-Cl8-TG26 
6E-Cl8-TG27 
6EG18-TG28 

All 40 Samples 
Preliminary Results From OnSite Lab 

1.806 - 
1.406 J 
1.680 J 
1.553 J 

1.564 J 
1.659 J 
1.859 J 
1.838 J 

excavated 

ID I DATA 
6EG18-TGOl . 1.264 - 

6E-Cl8-TG20 
6E-ClBTG21 
6EG18-TG22 
GE-Cl8-TG23 

6E-Cl8-TG25 
6E-Cl 8-TG26 
GE-Cl8-TG27 
GE-Cl8-TG28 

6E-Cl8-TG02 

6E-Cl8-TGOQ 
6E-Cl8-TG05 
6E-Cl8-TG06 

6E-Cl8-TG03 

6E-Cl8-TG07 
6E-Cl8-TG08 
6E-Cl8-TG09 
6E-Cl 8-TGl O 
6E-Cl 8-TGl l 
6E-Cl 8-TG12 
6EGl 8-TG13 

6E-Cl8-TG15 
6E-Cl 8-TG16 

6E-C1 8-TG 14 

6E-Cl8-TGl7 
6E-Cl8-TG18 
6E-Cl8-TG19 

6EC18-TG21 

6E-Cl8-TG23 
6E-Cl8-TG24 

6EG1 8-TG26 

6E-Cl8-TG28 
6E-Cl8-TG29 
6E-Cl 8-TG30 

GE-Cl8-TG20 

6E-Cl8-TG22 

6E-Cl8-TG25 

6E-Cl 8-TG27 

6E-Cl8-TG31 
GE-Cl8-TG32 
6E-Cl8-TG33 
6E-Cl 8-TG34 
GE-Cl8-TG35 
6E-Cl8-TG36 
6E-Cl 8-TG37 
6E-Cl8-TG38 
6E-Cl8-TG39 
6E-Cl8-TG40 

excavated 

1.338 - 
1.794 - 
1.035 - 
1.376 - 
1 S24 - 
1.622 - 
1.317 - 
1.136 - 
1.46 - 
1.812 - 
1.521 - 
1.344 - 
1.884 - 
1.108 - 
1.446 - 
1.453 - 
1.397 - 
3.324 - 
1.648 - 
1.387 - 
1.402 - 
1.47 - 

2.095 - 
0.874 - 
1.773 - 
1.459 - 
1.703 - 
2.401 - 
1.905 - 
2.146 - 
1.574 - 
2.532 - 
1.425 - 
1.623 - 
1.409 - 
1.367- 
1.741 - 
1.565 - 
1.861 - 

GE-Cl8-TG34 
6E-Cl 8-TG35 
GE-Cl8-TG36 
6EC18-TG37 
GE-Cl8-TG38 
6E-Cl8-TG39 
6E-Cl 8-TG40 

Limit 
Units 

Limit 
Units 

2.080 J 
1.648 J 
1.711 J 
1.711 J 
2.133 J 
1.564 J 
2.069 J 

1.70 
DC&l 

1.70 
0.00 

Limit 
Units 

Conf. Level 0.95 
Max. Result 3.324 

1.70 
P W  

Max. >= Limit Yes 
W-statistic Prob. # 31.4% (LN) 

Test Procedure Lognormal 
Sample Size 40.00 
Nondetects 0.00 

% Nondetects 0.00 
Est. Mean' 1.61 

UCL 1.73 
Prob. > Limit _ _  
Pass I Fail FAIL 

35 Samples 
Preliminary Results From OnSite Lab 

ID 
6EGl  ETGOl 
GE-Cl8-TG02 
6E-Cl8-TGO3 
6EG1 STGO4 
6E-Cl8-TG05 
6EG1 ETG06 

6E-Cl8-TG08 
6E-Cl8-TG09 
6E-Cl8-TGlO 
6E-Cl8-TGll 
6E-Cl8-TGl2 
6E-Cl8-TG13 
6E-Cl 8-TG14 
6E-Cl8-TG15 
6E-Cl 8-TG16 

6E-Cl8-TG18. 

6E-Cl8-TG07 

6E-Cl8-TG17 

DATA 
1.264 - . 

1.338 - 
1.794 - 
1.035 - 
1.376 - 
1.524 - 
1.622 - 
1.317 - 
1.136 - 
1.460 - 
1.812 - 
1.521 - 
1.344 - 
1.884 - 
1.108 - 
1.446 - 
1.453 - 
1.397 - 
1.648 - 
1.387 - 
1.402 - 
1.470 - 

0.874 - 
1.773 - 
1.459 - 
1.703 - 
1.905 - 

1.574 - 
1.425 - 
1.623 - 
1.409 - 
1.367 - 
1.741 - 
1.565 - 
1.861 - 

Conf. Level I 95% 
Max. Result 1.905 

 ax. >= Limit I Yes 
W-statistic Prob. # I 47.6% (N) 

Testprocedure I Normal 
Samplesize I 35 
Nondetects 

% Nondetects 
Est. Mean' 

Prob. > Limit 
Pass I Fail 

35 Samples 
FINAL Results From OFFSITE Lab 

ID 
6E-Cl 8-TGOl 
6E-Cl8-TGO2 
6E-Cl8-TG03 
6E-Cl8-TG04 
6E-Cl8-TG05 
6E-Cl8-TG06 

6EG1 8-TG08 
6E-Cl8-TG09 
6E-Cl8-TGl O 
6E-Cl8-TGll 
6E-Cl8-TG12 
6EG1 8-TG13 

6E-Cl8-TG07 

GE-Cl8-TG14 
6E-C 1 8-TG 1 5 
6E-Cl8-TGl6 
6E-Cl8-TG17 
6E-C 1 8-TG 1 8 

DATA 
. 1.069 - 

1.785 - 
1.806 - 
0.941 - 
1.617 - 
1.522 - 
1.869 - 
1.606 - 
1.690 - 
1.890 - 
1.827 - 
1.543 - 
1.595 - 
1.985 - 
1.648 - 
1.701 - 
1.911 - 
2.133 - 

Conf. Level 
Max. Result 

Max. >= Limit 
Wstatistic Prob. # 

Test Procedure 
Sample Size 
Nondetects 

% Nondetects 
Est. Mean' 

UCL 
Prob. > Limit 
Pass I Fail 

'95% 
2.133 
Yes 

2.3% IN) 
Median (Sgn) 

35 
0 

0.0% 
1.701 
1.806 

FAIL 
_ _  

a posteriori Sample 55 a posteriori Sample 10 a posteriori Sample 7572 
Size calculation Fail Sue calculation Pass Sue calculation Fail I I  I I  I 

Note: Est. Mean = Estimated measure of central tendency(Norma1: Mean; LogNormal: Est. Mean; Non-Parametric: Median) 
The maximum value of the two duplicates was used in all statistical equations. 
#: This is the highest reported probability of the ShapimWilk W-statistic for tests for the validity of the normality assumption. 

The test is performed on the raw data (untransfomed) data (N) and the log-transformed data (LN) to test for lognormality. 
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APPENDIX C 
CORRECTION OF 7-DAY RADIUM-226 RESULTS 

FCP-A6E-CER'I"T 
20600-RP-0012, Revision 1 

April 2007 

On July 10,2006, OEPA approved DOE'S July 6, 2006 request to reduce the in-growth period for radon, 
with the stipulation that additional soil samples would be collected from non-certified areas to verify initial 
assumptions and finalize the documentation of the process. This attachment to the certification report 
presents the analytical results for 7- and 2 1 d a y  in-growth periods for samples collected from non-certified 
areas, as described in Variance 20810-PSP-0004-36. 

Figure 1 summarizes the results for 48 samples collected from non-certified areas. A regression of the data 
(R2 = 0.9969) yields the following equation for the estimate of the 21day value: 

21day value = 1.053*7day value - 0.0156 

This correction will be applied to 7day  analytical results to yield an estimate of the 2 lday  result. If 
statistical calculations are performed in the Certification report, the estimate for 2 1 d a y  results will be used 

0 2 4 6 8 10 12 14 16 18 20 

74ay radium-226 @Cilg) 

FIGURE 1. Regression analysis of radium-226 data based on 7- and 2 1 d a y  in-growth period for radon-222 
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FCP-A6EXERTRPT 
20600-RP-0012, Revision 1 

April 2007 

APPENDIX D 

REAL TIME - PHASE 3 FIGURES 
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Appendix E 

Risk Assessment Calculations 

7 ’5 .  nj?pc!idiv pro‘, ides risk c?lc.!!sticns fw the i!ndc\ elcycc! pnrk vser t!int s p d s  I OV”’, ~7f tlxir  tiliy: 

exposed to contaminants in CU 18 via the pathways of inhalation (particulate and gases), dermal contact 

(soil and surface water), ingestion (soil and surface water) and extemal rdation. The exposure 

parameters for this receptor are discussed in Section 5.2, and CU 18 is shown on Figure 5.2. Soil COC 

concentrations represent the 95% UCL (if a statistical calculation was performed for the COC) or the 

maximum value, as defined in Appendix A for CU 18. If a contammant was not present in the COC list 

comprising CU 18, it was assigned a value of zero in the risk calculation. The average COC 

concentrations in surface water were calculated from samples obtained from ponds within CU 18 (Table 

E-I). Air COC concentrations (ug/m3) are calculated by multiplying the soil COC concentration (ug/g) 

by a conversion factor of 26E-6 g/m3 (the conversion factor is the particulate value obtained from air- 

monitoring results at background location AMS-12, 2005 Sitewide Environmental Report, DOE 2006). 

The radon-222 activity (pCi/m3) is obtained by multiplying the soil radium-226 activity (pCi/g) by a 
conversion factor of 267 g/m3. The conversion factor is derived by dividing the background radon value 

(400 pCi//m3) reported in the 2005 SER (DOE 2006) by the background radium-226 value (1.5 pCi/g) 

reported in the Addendum to the CERCLA/RCRA Background Soil Study (DOE 2001). Slope factors 

and reference doses reflect the November 2006 values found on the EPA and Oak Ridge RAIS web sites, 

as discussed in Section 5.2. 

There are 10 calculation sheets for the undeveloped park user: inhalation of chemicals, dermal soil for 

chemicals, ingest soil for chemicals, dermal surface water for chemicals, ingest surface water for 

chemicals, inhalation of radionuclides, ingest soil for radionuclides, ingest surface water for 

radionuclides, external radiation, and a summation page. Data are not available to evaluate the dermal 

exposure routes for radionuclides. Each page contains the intake equation and defined parameters, 

exposure parameters, COC concentrations, slope factors, reference doses, HQ and ILCR values, and a 

summation result for the pathway. The summation page tabulates the total HQ and ILCR for each ’ 

pathway, the sum across all pathways and the total HQ and ILCR for each COC for all pathways. 

1 I 
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TABLE E-I 

Analytical results for a composite sample collected from ponds in Area 6E 

)Constituent I Value I Unit i 

NA indicates the COC was not analyzed because it was not a COC of concern in Area 6E. 
Bold values represent background values, which were used when the COC was present for soil results but not for surface water. 
Italic values represent reported detection limits, and one-hatf of the reported detection limit was used in risk calculations for non-radiological COCs. 

E-1.1 
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