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Executive Summary 
 
This Five-Year Review report has been prepared pursuant to the Comprehensive Environmental 
Response, Compensation, and Liability Act Section 121 and the National Contingency Plan for 
the Laboratory for Energy-Related Health Research (LEHR) Federal Facility, which is part of the 
LEHR/Old Campus Landfill Superfund site (the Site), U.S. Environmental Protection Agency 
No. CA2890190000, at the University of California, Davis (UC Davis) in Solano County, 
California. The purpose of the Five-Year Review is to assess whether the remedies at the LEHR 
Federal Facility, also referred to as the U.S. Department of Energy Areas (DOE Areas), are 
protective of human health and the environment. The methods, findings, and conclusions of the 
review are documented in this report. In addition, issues found during the review are identified 
and recommendations for corrective action are provided. 
 
In accordance with the Record of Decision (ROD), signed December 10, 2009, the remedies 
for the DOE Areas are intended to monitor and control residual contamination at the site 
and include: 

• Land-use restrictions, including a Soil Management Plan (SMP) and the prohibition of 
residential use in selected areas 

• Long-term groundwater monitoring 

• Contingency remediation 
 
The selected remedies for each specific location within the DOE Areas are presented in 
Table ES-1. The trigger for this Five-Year Review was the start of the remedy. 
 

Table ES-1. Selected Remedies for Each DOE Area 
 

DOE Area 
No Action/ 
No Further 

Actiona 

Long-Term 
Groundwater 

Monitoring/Contingency 
Remediation 

Land-Use Restrictions 
Soil 

Management 
Plan 

No 
Residential 

Use 
Radium/Strontium Treatment 
Systems (includes Domestic 
Septic System 2) 

    

Domestic Septic System 1     
Domestic Septic System 3     
Domestic Septic System 4     
Domestic Septic System 5     
Domestic Septic System 6     
Domestic Septic System 7     
DOE Disposal Box      
Dry Wells A–E     
Eastern Dog Pens     
Southwest Trenches     
Western Dog Pens     

Notes: 
a These checkmark-indicated locations within the DOE Areas are suitable for unlimited use and unrestricted 
exposure.  
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Five-Year Review Summary Form 
  
SITE IDENTIFICATION 
Site name: Laboratory for Energy-Related Health Research (LEHR) Federal Facility 
EPA ID: CA2890190000 
Region: 9 State: CA City/County: Solano 

SITE STATUS 
NPL status: Final  
Multiple OUs? YES  Construction completion date: 7/11/2014   

REVIEW STATUS 
Have DOE Areas been put into reuse? YES 

Lead agency: Other Federal Agency 
If “Other Federal Agency” was selected above, enter Agency name: U.S. Department of Energy 
Author name (Federal or State Project Manager): Scott Surovchak 
Author affiliation: U.S. DOE, Office of Legacy Management 
Review period: 4/1/2015 to 1/4/2016  
Date(s) of DOE Areas inspection: 6/16/2015 
Type of review: NPL 
Review number: 1 (first)  
Triggering action date: 1/4/2011  
Due date (five years after triggering action date): 1/4/2016  
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ISSUES/RECOMMENDATIONS 
Issues and Recommendations Identified in the Five-Year Review 
Issue Category: Institutional Controls 
Issue: Some survey monuments are not clearly visible, leading to potential accidental damage. This 
issue does not impact remedy protectiveness because the monuments are not relied on for determination 
of areas requiring controls. The monument locations are permanently recorded in the Land-Use 
Covenant. Although not necessary for protectiveness, monument condition is regularly inspected, and 
they are repaired or replaced as needed. 
Recommendation: Install high visibility monument markers according to the specifications presented in 
the updated Soil Management Plan (SMP). 
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone Date 

No No Federal Facility EPA/State 9/30/2016 

Issue Category: Monitoring 
Issue: Some monitoring well vaults are not clearly visible, leading to potential accidental damage. This 
issue does not impact remedy protectiveness; however, should vault damage lead to monitoring well 
damage, protectiveness could be impacted. This is prevented through regular vault inspections and as-
needed repairs.  
Recommendation: Install high-visibility well markers according to the specifications presented in the 
updated SMP. 
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone Date 

No No Federal Facility EPA/State 9/30/2016 

Issue Category: Institutional Controls 
Issue: No specific procedures are in place for dealing with fallen trees and associated soil in restricted 
areas. This issue did not impact remedy protectiveness during the first five-year period because the only 
tree that fell was located outside of the area of potential contamination and is not subject to the 
requirements of the Soil Management Plan.  
Recommendation: Incorporate procedures for handling/disposing of fallen trees and associated soil in 
restricted areas into annual SMP training. 
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone Date 

No Potential Limited Federal Facility EPA/State 9/30/2016 

Issue Category: Remedy Performance 
Issue: The vapor intrusion pathway from soil has not been specifically evaluated for the DOE Areas. 
Recommendation: Complete evaluation of vapor intrusion from soil, including evaluating existing data, 
conducting soil vapor investigation if needed, and assessing potential current risk associated with this 
pathway for areas with existing buildings and potential future risk associated with this pathway for each 
DOE Area. 
Affect Current 
Protectiveness 

Affect Future 
Protectiveness 

Implementing Party Oversight Party Milestone Date 

Not Determined Not Determined Federal Facility EPA/State 9/30/2017 
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PROTECTIVENESS STATEMENT 
Immediate threats at the site have been addressed, and the remedy is protective of human health and the 
environment in terms of direct soil exposure, potential groundwater impact from soil contaminants, and 
ecological risk. On the basis of the preliminary vapor-intrusion evaluation conducted for this Five-Year 
Review, a protectiveness determination for this exposure pathway cannot be made without further data 
evaluation and possible collection and evaluation of soil-gas data from certain locations within the DOE 
Areas. It is expected that this vapor-intrusion evaluation will be completed by September 30, 2017, at 
which time a protectiveness determination will be made via an addendum to this Five-Year Review, 
anticipated to be completed by February 28, 2018. 
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1.0 Introduction 
 
The purpose of this Five-Year Review is to assess whether the remedies at the Laboratory for 
Energy-Related Health Research (LEHR) Federal Facility, which is part of the LEHR/Old 
Campus Landfill Superfund site (the Site) at the University of California, Davis (UC Davis), are 
protective of human health and the environment. The LEHR Federal Facility is also referred to as 
the U.S. Department of Energy Areas (DOE Areas). All of the land and buildings at the LEHR 
Federal Facility are owned by UC Davis. The methods, findings, and conclusions of the review 
are documented in this report. In addition, issues found during the review are identified and 
recommendations for corrective action are provided.  
 
This Five-Year Review report has been prepared pursuant to the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) Section 121 and the National 
Contingency Plan (NCP). CERCLA Section 121(c) states: 
 

If the President selects a remedial action that results in any hazardous substances, 
pollutants, or contaminants remaining at the site, the President shall review such 
remedial action no less often than each five years after the initiation of such remedial 
action to assure that human health and the environment are being protected by the 
remedial action being implemented. In addition, if upon such review it is the judgment 
of the President that action is appropriate at such site in accordance with section [104] 
or [106], the President shall take or require such action. The President shall report to 
the Congress a list of facilities for which such review is required, the results of all such 
reviews, and any actions taken as a result of such reviews.  

 
The NCP [40 Code of Federal Regulations (CFR) Section 300.430(f)(4)(ii)] further states: 
 

If a remedial action is selected that results in hazardous substances, pollutants, or 
contaminants remaining at the site above levels that allow for unlimited use and 
unrestricted exposure, the lead agency shall review such action no less often than 
every five years after the initiation of the selected remedial action.  

 
DOE’s Office of Legacy Management conducted the Five-Year Review of the remedies 
implemented at the DOE Areas. The U.S. Environmental Protection Agency’s (EPA’s) 
Comprehensive Five-Year Review Guidance (EPA 2001) was followed in preparing this Five-
Year Review.  
 
The contractors that conducted the analysis and provided technical input for the Five-Year 
Review included Stoller Newport News Nuclear, Inc. (SN3), a subsidiary of Huntington Ingalls 
Industries, Inc.; Navarro Research and Engineering Inc. (Navarro); and Weiss Associates 
(Weiss). The contractual arrangements under which this was done are as follows: 

• SN3 was the prime contractor to the DOE Office of Legacy Management through 
September 30, 2015 

• Navarro took over as prime contractor to the DOE Office of Legacy Management on 
October 1, 2015 

• Weiss was subcontractor to SN3 and Navarro throughout the Five-Year Review period 
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This is the first Five-Year Review for the DOE Areas. The triggering action for this statutory 
review is the initiation of the remedial action. The Five-Year Review is required because 
hazardous substances, pollutants, or contaminants remain at the DOE Areas above levels that 
allow for unlimited use and unrestricted exposure. 
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2.0 DOE Areas Chronology 
 
Table 1 presents the chronology of cleanup-related events at the LEHR Federal Facility.  
 

Table 1. Timeline of LEHR Cleanup-Related Events 
 

Events Date 
Removal of gravel and curbing from Western Dog Pens 1975 

Initial Assessment Survey and initial discovery of contamination 1984 

Memorandum of Agreement between DOE and the Regents August 1988 

“Phase II” investigation 1993 

Final Listing on EPA National Priorities List May 1994 

Remedial Investigation/Feasibility Study Work Plan 1994 
Voluntary Removal Action - Demolition of above-grade portions of the 
Imhoff Wastewater Treatment Facility 1995 

Removal of concrete pedestals and wooden barrels from the Eastern and Western 
Dog Pens 1995 and 1996 

Time-critical removal action at DOE Disposal Box Area 1996 

Limited Field Investigation  1996 
Decommissioned, decontaminated, and released for unrestricted use: 
Animal Hospital No. 1, Animal Hospital No. 2, Specimen Storage building, and 
Cobalt-60 building 

Prior to 1997 

Memorandum of Agreement between DOE and the Regents June 1997 

Non-time-critical removal action at the Southwest Trenches 1998 

Groundwater Interim Remedial Action initiated by UC Davis  1998 

Federal Facility Agreement between DOE and EPA December 1999 

Mixed Waste Storage Facility closure 1999 
Non-time-critical removal actions at Ra/Sr Treatment Systems Area, DSS 2, 
portions of DSS 1, the leach field in DSS 5, and portions of Dry Wells A-E 1999–2000 

Non-time-critical removal action in the Western Dog Pens 2001 

Non-time-critical removal actions at DSS 3 and DSS 6 2002 

DOE Areas Remedial Investigation Report September 2003 

Site-Wide Risk Assessment, Volume 1: Human Health Risk Assessment March 2004 
Site-Wide Risk Assessment, Volume 1: Human Health Risk Assessment 
Part B – Risk Characterization for DOE Areas September 2005 

Site-Wide Risk Assessment, Volume 2: Ecological Risk Assessment August 2006 

Removal and Disposal of concrete from Eastern Dog Pens 2007 

Final DOE Areas Feasibility Study March 2008 

Proposed Plan October 2008 

Memorandum of Agreement between DOE and the Regents July 2009 

Record of Decision signed December 2009 

Quality Assurance Project Plan issued October 2010 

Remedial Design/Remedial Action Work Plan and Soil Management Plan issued November 2010 

Monitoring wells installed and developed January 4–20, 2011 

Land survey monuments installed January 31, 2011– 
February 18, 2011 

DOE Areas land survey January 31, 2011– 
February 18, 2011 



 
Table 1 (continued). Timeline of LEHR Cleanup-Related Events 
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Events Date 

Plaques installed on monitoring wells February 23–24, 2011; 
December 7 and 13, 2012 

2011 background and baseline sampling 
March 7–14; May 3-9;  

August 15–17; 
November 14–16, 2011 

LEHR Project Team decision to extend baseline and background sampling 
through 2012 January 24, 2012 

2012 background and baseline sampling 
March 5–7; May 30–31; 

August 13–14; October 2–4; 
December 19, 2012 

Land-use covenant inspection March 19–20; 
April 5 and 10, 2012 

Soil disturbing activity interview December 17, 2012 

2013 groundwater monitoring 
April 29–30; May 1; 

November 18 and 21; 
December 31, 2013 

Land-use covenant inspection and soil-disturbing activity interview June 13, 2013 

2014 groundwater monitoring March 3–5, 2014 

Land-use covenant recorded by Solano County July 11, 2014 

Land-use covenant inspection and soil-disturbing activity interview November 6, 2014; 
December 9, 2014 

2015 groundwater monitoring March 10–26, 2015 

Five-Year Review  May 2015–September 2016 
Abbreviations: 
Ra/Sr = radium/strontium 
Regents = Regents of the University of California 
DSS = Domestic Septic System 
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3.0 Background 
 
The LEHR Federal Facility is defined in a Federal Facility Agreement (FFA) signed in 1999 
by DOE, EPA, the California Department of Public Health (CDPH) (formerly the California 
Department of Health Services), and the California Regional Water Quality Control Board 
(CRWQCB), Central Valley Region. The California Department of Toxic Substances Control 
(DTSC) joined as a signatory to the FFA in 2000.  
 
This section presents Site physical characteristics, land and resource use, history of 
contamination, initial responses, and basis for taking action. 
 
3.1 Physical Characteristics 
 
The Site is located immediately east of Old Davis Road, about 2,500 feet south of 
U.S. Interstate 80 in Solano County, California. The Site is located in the southeast quarter of 
Section 21, Township 8 North, Range 2 East, Mount Diablo Base and Meridian (Figure 1). 
The former LEHR facility (Figure 2) is on the southern portion of Solano County Assessor’s 
Parcel No. 110 05-04. It is approximately 1.5 miles south of the city of Davis, in the southeast 
portion (South Campus Area) of the UC Davis campus. The total area of the Site is 
approximately 15 acres, and the DOE Areas of it occupy approximately 4.5 acres. 
 
Environmentally sensitive areas lie within or near the DOE Areas. Potential valley elderberry 
longhorn beetle habitat (elderberry shrubs) was identified at the Site as reported in the Biological 
Assessment for the Laboratory for Energy-Related Health Research/Old Campus Landfill 
Remediation Project (ICF 2014). One elderberry shrub was identified in the Western Dog Pens 
area, and five elderberry shrubs were identified in the Eastern Dog Pens area. The Putah Creek 
Riparian Reserve borders the Site to the south. 
 
3.2 Land and Resource Use 
 
LEHR is a former research facility that the U.S. Atomic Energy Commission (now DOE) 
operated at UC Davis. The LEHR Federal Facility comprises the land and improvements within 
the former LEHR facility boundary shown in Figure 2, including the following areas: 

• All LEHR buildings 

• The Cobalt-60 (Co-60) Irradiation Field 

• The Radium/Strontium (Ra/Sr) Treatment Systems area 

• Seven septic tanks (including leach fields and dry wells) 

• The Southwest Trenches (SWT) area 

• The Western Dog Pens (WDPs) area 

• The Eastern Dog Pens (EDPs) area 

• The DOE Disposal Box area 

• Areas where contamination originating from the areas listed above is located, excluding 
areas assigned to UC Davis, by a Memorandum of Agreement (MOA) between the Regents 
of the University of California (Regents) and DOE (DOE 2009a) 
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Figure 1. Location of the LEHR Site, UC Davis, Solano County, California 
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Figure 2. LEHR Site Features 
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The buildings are currently used for research and storage by the Center for Health and the 
Environment (CHE) at UC Davis. The SWTs, Domestic Septic System 6 (DSS 6), EDPs, 
Ra/Sr Treatment Systems, and portions of DSS 4 and DSS 7 are unused open land areas. Most of 
the WDPs area is also unused open land; however, a building and pavement overlie the northern 
portion. Dry Wells A–E, the DOE Box, and parts of DSS 1, DSS 3, and the Ra/Sr Treatment 
Systems areas are paved. Buildings overlie a portion of DSS 1 and DSS 4. Open land areas at the 
Site are generally not landscaped, and weeds are typically removed by UC Davis in the spring 
and summer months. Site groundwater monitoring wells are located within portions of open land 
areas in the SWTs, Ra/Sr Treatment Systems, DSS 3, and WDP areas. All of the land and 
buildings at the LEHR Federal Facility are owned by UC Davis. According to the UC Davis 
Long Range Development Plan (UC Davis 2003), the land and buildings within the DOE Areas 
are used to support University of California research activities and will continue to support 
research into the foreseeable future. Land uses in DOE Areas are not anticipated to change in the 
foreseeable future based on the 2017–2027 Long Range Development Plan Preliminary Planning 
Scenario (UC Davis 2016). 
 
The groundwater underlying the Site is currently not used as a drinking water source. The 
dominant groundwater flow direction is to the east. Groundwater is not part of the DOE Areas 
(DOE 2009b). 
 
3.3 History of Contamination 
 
The U.S. Atomic Energy Commission first sponsored radiological studies on laboratory animals 
at UC Davis in the early 1950s. Initially on the main campus, LEHR was moved to its present 
location in 1958 (Figure 1). Research at LEHR through 1988 was focused on health effects from 
chronic exposure to radionuclides, primarily strontium-90 (Sr-90) and radium-226 (Ra-226), 
using beagles as research subjects. Other related research was conducted at the Site concurrently 
with these long-term studies. In the early 1970s, a Co-60 irradiator facility was constructed at the 
Site to study the effects of chronic exposure to gamma radiation. 
 
A campus landfill with three waste burial units used from the 1940s until the mid-1960s is 
located at the Site (Figure 2). Several low-level radioactive-waste burial areas were also at the 
Site, and campus and LEHR research waste was buried in these areas until 1974 in accordance 
with regulations in effect at the time. Contamination was initially discovered through 
environmental investigations conducted in 1984. The principal environmental threats posed by 
contaminant releases associated with LEHR activities in the DOE Areas have been mitigated 
through several removal actions conducted since 1996. Limited amounts of residual 
contamination currently remain in the DOE Areas. DOE has concluded that the residual 
contamination presents a low to negligible threat to groundwater resources and human health. 
The infiltration of surface and rain water can potentially move some of the residual contaminants 
through the vadose zone to groundwater. The remedy implemented at the LEHR Federal Facility 
focuses on the monitoring of groundwater where residual contaminants are present in vadose-
zone soil. 
 
All DOE-funded research activities at LEHR ceased by 1988, and in the same year, pursuant to 
the MOA between the DOE and the Regents, DOE’s Office of Energy Research initiated 
activities to close out the research program at LEHR. 
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3.4 Initial Response 
 
In May 1994, EPA added the Site to the National Priorities List. In 1995, DOE demolished the 
above-grade portions of the Imhoff Wastewater Treatment Facility (Figure 2) as a voluntary 
removal action, and by 1997 DOE had completed building decontamination and 
decommissioning (62 Federal Register [FR] 51844–51845) (DOE 1997a). On the basis of 
DOE’s compliance with DOE Order 5400.5 for release of property for unrestricted use  
(62 FR 51844–51845), DOE determined at the time that no action or no further action was 
required at all LEHR buildings and the Co-60 irradiation field (no identified contamination and 
no potential for radiological contamination based on historical use). 
 
In 1997, an MOA divided the responsibility for environmental remediation between DOE and the 
Regents (DOE 1997b). On the basis of this agreement, the Regents are responsible for 
remediation of the “UC Disposal Areas,” comprising Land Disposal Unit 1, Landfill Disposal 
Unit 2, Landfill Disposal Unit 3, the 49 Waste Burial Holes, the Eastern Disposal Trenches, and 
the Southern Trenches (see Figure 2), and “Affected Groundwater.” By 2000, DOE had entered 
into an FFA with EPA, CRWQCB, CDPH, and DTSC whereby DOE is responsible for the 
remediation of the Ra/Sr Treatment Systems; a waste burial area known as the DOE Disposal 
Box; onsite domestic septic tanks, associated leach fields, and dry wells; DOE disposal trenches; 
and the former Dog Pens (EPA 1999).  
 
Between 1999 and 2002, DOE conducted additional soil and groundwater characterization and 
the removal of contaminated underground tanks, trench structures, and contaminated soil at the 
DOE Areas in accordance with the requirements of Section 300.415(b)(4)(I) of the NCP. 
 
3.5 Basis for Taking Action 
 
As a result of pre-Record of Decision (ROD) removal actions conducted in compliance with the 
NCP, and building decontamination activities, risks at DOE Areas are either at or below state 
and federal human health cancer risk and non-cancer hazard thresholds for current and projected 
use as a research facility (DOE 2005). Risks at DOE Areas are also below the level of concern 
for ecological receptors (BBL 2006). However, under a hypothetical residential land-use 
scenario, risk estimates suggest that residual soil contamination in some areas could pose a 
cancer risk to an onsite resident. Table 2 summarizes risks for the three DOE areas where the 
cancer risk remains above 1 in 1 million. DOE determined that risk to a hypothetical onsite 
resident was only unacceptable in the Domestic Septic System 4 (DSS 4) area. No removal 
action was conducted in DSS 4 to remove the contamination that poses human health risk. The 
sink, floor drains, and associated piping in buildings that discharged to DSS 4 were not surveyed 
for radioactive contamination or remediated. A land-use covenant was recorded by Solano 
County in 2014 prohibiting future residential land use in the DSS 4 area (DTSC 2014).  
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Table 2. Human Health Risks by Exposure Route for Contaminants in Soil at the DOE Areas 
 

Cancer Risk by Exposure Route 

DOE Area Constituent of 
Concern 

Exposure 
Point 

Concentration 

(0–10 feet)a  

Soil 
Ingestion 

Soil 
Dermal 

Exposure 

Aboveground 
Plant 

Ingestionb 

Belowground 
Plant 

Ingestionb 
External 

Radiation 
Dust 

Inhalation 
Total  

Cancer Risk 

Domestic Septic 
System 4 

Onsite Resident 
Benzo[a]anthracene 3.8 4 × 10−6 1 × 10−6 9 × 10−6 1 × 10−6 NA 3 × 10−10 2 × 10−5 

Benzo[a]pyrene 2.4 3 × 10−5 7 × 10−6 3 × 10−5 5 × 10−6 NA 2 × 10−9 7 × 10−5 

Benzo[b]fluoranthene 2.7 3 × 10−6 8 × 10−7 3 × 10−6 5 × 10−7 NA 2 × 10−10 7 × 10−6 

Benzo[k]fluoranthene 1.5 3 × 10−6 7 × 10−7 3 × 10−4 5 × 10−5 NA 7 × 10−11 4 × 10−4 

Dibenzo[a,h]anthracene 1.1 7 × 10−6 2 × 10−6 4 × 10−6 6 × 10−7 NA 5 × 10−10 1 × 10−5 

Indeno[1,2,3-cd]pyrene 0.86 2 × 10−6 4 × 10−7 1 × 10−6 1 × 10−7 NA 4 × 10−11 4 × 10−6 

Total        5 × 10−4 
Onsite Construction Worker 

Benzo[a]pyrene 2.4 8 × 10−7 3 × 10−7 NA NA NA 7 × 10−10 1 × 10−6 

Eastern Dog Pens 

Onsite Resident 
Dieldrin 0.019 5 × 10−7 9 × 10−8 2 × 10−6 2 × 10−7 NA 4 × 10−11 3 × 10−6 

Strontium-90 0.33c 4 × 10−8 NA 1 × 10−6 NA 5 × 10−8 5 × 10−13 1 × 10−6 

Total        4 × 10−6 

Southwest Trenches 
Onsite Resident 

Strontium-90 0.94 1 × 10−7 NA 3 × 10−6 NA 2 × 10−7 2 × 10−12 3 × 10−6 
Notes: 
Source data from the Revised LEHR/SCDS Site-Wide Risk Assessment, Volume I: Human Health Risk Assessment, Tables 7 and 8 (UC Davis 2004). 
Constituents and risks are presented here if: (1) the constituent is present above Site background and if (2) the constituent contributes at least a factor 
of 1 in 1 million, or greater than 10 percent, to the excess cumulative cancer risk for a DOE Area and receptor. 
Chemical concentrations are expressed in milligrams per kilogram (mg/kg); radionuclide concentrations are expressed in picocuries per gram (pCi/g). 
a The 95 percent upper confidence level on the mean or maximum sample concentration.  
b Homegrown produce; for radionuclides, plant ingestion is not subdivided into aboveground and belowground produce. 
c Exposure point concentration after Eastern Dog Pens maintenance action. 
 
Abbreviation: 
NA = not applicable 
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In 2009, DOE and the Regents signed a revised MOA in part to clarify responsibilities related to 
groundwater (DOE 2009a). The Regents have implemented interim groundwater remediation 
and, based on the 2009 MOA, are responsible for implementation of the final remedy to address 
groundwater containing contaminants released from the “UC Disposal Areas” listed in 
Section 3.4. The MOA specifies that the Regents will include an analysis of groundwater 
affected by areas of DOE responsibility in their groundwater Feasibility Study and ROD but will 
have no responsibility for actions that federal and state agencies may require for groundwater 
impacts from these DOE Areas (DOE 2009a). 
 
Groundwater fate and transport modeling suggests that residual soil contamination in some 
DOE Areas could impact groundwater. The areas where such risks remain are the SWT area, the 
Ra/Sr Treatment Systems area, DSS 3, DSS 4, Dry Wells A–E, and the EDPs (DOE 2005). 
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4.0 Remedial Actions 
 
This section discusses the remedy selection, remedy implementation, and systems operations and 
maintenance (O&M). Remedial action objectives (RAOs) for the DOE Areas are: 

• Preventing human contact with contamination in soil that poses an excess cumulative cancer 
risk greater than the upper bound of the range of 1 in 1 million (1 × 10-6) to 1 in 10,000 
(1 × 10-4). Any risk greater than 1 in 1 million requires investigation to determine if remedial 
action is necessary. 

• Mitigating potential future impacts to groundwater. 

• Minimizing threats to the environment, including but not limited to, sensitive habitats and 
critical habitats of species protected under the state and federal Endangered Species Acts. 

• Complying with all applicable or relevant and appropriate requirements (ARARs). 

• Minimizing impact to UC Davis research activities at the Site, as specified in the MOA 
(DOE 2009a) between DOE and the Regents. 

 
4.1 Remedy Selection 
 
In accordance with the ROD (DOE 2009b), signed December 10, 2009, the remedies selected for 
each of the DOE Areas are shown in Table 3. 
 

Table 3. Selected Remedies for Each DOE Area 
 

DOE Area 
No Action/ 
No Further 

Actiona 

Long-Term 
Groundwater 

Monitoring/Contingency 
Remediation 

Land-Use Restrictions 
Soil 

Management 
Plan 

No 
Residential 

Use 
Radium/Strontium Treatment 
Systems (includes Domestic 
Septic System 2) 

    

Domestic Septic System 1     
Domestic Septic System 3     
Domestic Septic System 4     
Domestic Septic System 5     
Domestic Septic System 6     
Domestic Septic System 7     
DOE Disposal Box      
Dry Wells A–E     
Eastern Dog Pens     
Southwest Trenches     
Western Dog Pens     

Note: 
a These checkmark-indicated locations within the DOE Areas are suitable for unlimited use and unrestricted 

exposure. 
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Constituents of concern (COCs) for each area were selected based on their presence in soil at 
levels statistically above background and: 

• Their presence at levels that were shown (by multiple lines of evidence) to present human 
health cancer risks above 1 in 1 million. 

-or- 

• Their potential to impact groundwater above background levels.  
 
Table 4 lists soil remediation goals for the COCs at each DOE Area identified in the ROD 
(DOE 2009b) as presenting potential human health cancer risks that exceed 1 in 1 million.  
Table 5 presents ROD groundwater quality goals developed in conformance with the CRWQCB’s 
guidance document Designated Level Methodology for Waste Classification and Cleanup Level 
Determination (CRWQCB 1989). These remediation goals represent contaminant concentrations 
in soil that, based on modeling, would not contaminate groundwater above groundwater 
background levels or water-quality goals.  
 
Table 6 lists additional COCs identified that could possibly have a small impact on groundwater 
in the future, based on the analysis presented in the Site-Wide Risk Assessment: Volume I: 
Human Health Risk Assessment (Part B Risk Characterization for DOE Areas) (DOE 2005), 
referred to hereafter as the Risk Characterization Report. 
 

Table 4. Soil Remediation Goals for the Protection of Human Health 
 

DOE Area Constituent 
of Concern 

Exposure Point 
Concentrationa Remediation Goalb 

Domestic Septic System 4 

Onsite Resident 
Benzo[a]anthracene 3.8 0.2 

Benzo[a]pyrene 2.4 0.03 

Benzo[b]fluoranthene 2.7 0.4 

Benzo[k]fluoranthene 1.5 0.004 

Dibenzo[a,h]anthracene 1.1 0.1 

Indeno[1,2,3-cd]pyrene 0.86 0.2 

Onsite Construction Worker 
Benzo[a]pyrene 2.4 2 

Southwest Trenches  
Onsite Resident 

Strontium-90+daughter 0.94 0.3 

Eastern Dog Pens 

Onsite Resident 
Dieldrin 0.019 0.006 

Strontium-90+daughter 0.33c 0.3 
Notes: 
Chemical concentrations are expressed in milligrams per kilogram (mg/kg); radionuclide concentrations are 
expressed in picocuries per gram (pCi/g). 
a Maximum concentration or 95 percent upper confidence level on the mean for soil located between 0 and 10 feet 

below ground surface. 
b Remediation goals based on a risk of 1 in 1 million, determined using one significant figure total cancer risk. 

All concentrations are based on dry weight of soil sample.  
c Exposure point concentration after Eastern Dog Pens maintenance action. 
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Table 5. Remedial Goals for the Protection of Groundwater 
 

DOE Area Constituents of 
Concern in Soila 

Maximum Soil 
Concentrationb 

Background 
Remediation 

Goalc 

MCL 
Remediation 

Goald 

Domestic Septic System 3 

Formaldehyde 2.2 0.00378 0.0151f 

Molybdenum 2.5 <0.26e 3.11g 

Nitrate as N 106 36e 36e 

Domestic Septic System 4 Selenium 2.0h 4.0 35 

Dry Wells A–E  

Chromium 245 181e 181e 

Hexavalent chromium 1.62 1.3e 1.3e 

Mercury 5.3 0.63e 0.63e 

Molybdenum 1.3 0.30 3.6g 

Silver 53.8 0.55e 0.83 

Cesium-137 0.191 0.1 20i 

Strontium-90 0.176 0.0595 0.28 

Radium/Strontium 
Treatment Systemsl 

Nitrate as N 304 36e 36e 

Carbon-14 2.41 0.13e 2.34i,j 

Radium-226 1.72k 0.752e 1.9 

Southwest Trenches 
Nitrate as N 909 36e 36e 

Carbon-14 5.84 0.13e 0.292i,j 
Notes: 
Chemical or nonradioactive elemental concentrations are expressed in milligrams per kilogram (mg/kg); radionuclide 
concentrations are expressed in picocuries per gram (pCi/g). 
a Vadose-zone soil contaminant with potential to impact groundwater. 
b Maximum level of the specified constituent detected in soil samples collected from the specified DOE area. 
c Soil concentration predicted by transport modeling, above which groundwater impacts in excess of Site background 

are possible. The calculated remediation goals are expressed as dry weight. 
d Soil concentration predicted by transport modeling, above which groundwater impacts above California drinking 

water maximum contaminant levels may occur, unless noted. The calculated remediation goals are expressed as 
dry weight. 

e Soil background concentration was selected as the remediation goal because the calculated remediation goal is 
below the soil background concentration. Calculated remediation goals are presented in the Risk Characterization 
Report (DOE 2005). 

f Based on the California Department of Public Health Notification Level of 100 micrograms per liter (California Health 
and Safety Code 116455).  

g Based on EPA Region 9 preliminary remediation goal for tap water (EPA 2010). 
h Residual selenium soil concentrations exceeded soil background in 23 percent of the samples collected, and 

modeling suggests that selenium concentrations in the soil are unlikely to impact groundwater at levels that exceed 
the remediation goals. However, selenium was retained as a COC due to its presence (one result) in a 
downgradient hydrostratigraphic unit 1 well at a concentration slightly above groundwater background. 

i Based on the 4-millirem-per-year federal maximum contaminant level for beta particles and photon emitters 
(EPA 2000). 

j The different maximum contaminant level remediation goals for the Radium/Strontium Treatment Systems and 
Southwest Trenches areas reflect the observed vertical distribution of contamination in these areas. 

k The sample containing the maximum Ra-226 result in the Radium/Strontium Treatment Systems area was 
re-collected and reanalyzed. The reported maximum value is the average of the initial result (1.81 pCi/g) and 
re-collected sample result (1.63 pCi/g)). 

l The Radium/Strontium Treatment Systems area is inclusive of Domestic Septic System 2. 
 
Abbreviation: 
MCL = maximum contaminant level 
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Table 6. Additional Constituents To Be Monitored Due to Potential Impact on Groundwater Quality 
 

Area Constituents of Potential Concern to be Monitored 

Domestic Septic System 1 Aluminum 

Domestic Septic System 3 Aluminum, silver 

Domestic Septic System 4 Aluminum, chromium, nickel 

Domestic Septic System 5 Aluminum 

Domestic Septic System 6 Aluminum 

Domestic Septic System 7 None 

Dry Wells A–E None 

Radium/Strontium Treatment Systemsa Americium-241 

Southwest Trenches Mercury, zinc 

Western Dog Pens None 

Eastern Dog Pens alpha-Chlordane, gamma-Chlordane, Dieldrin 

DOE Disposal Box None 
Note: 
a The Radium/Strontium Treatment Systems area is inclusive of Domestic Septic System 2. 
 
 
4.2 Remedy Implementation 
 
The Remedial Design/Remedial Action Work Plan for the Former Laboratory for Energy-related 
Health Research Federal Facility, University of California, Davis (RD/RAWP) was finalized in 
November 2010 (DOE 2010a). This section describes the selected remedies: no action/no further 
action; long-term groundwater monitoring/contingent remediation; and land-use restrictions, 
including implementation of the Soil Management Plan (SMP) and a prohibition on residential 
use. Remedy implementation is documented in detail in the Remedial Action Completion Report 
for the Former Laboratory for Energy-Related Health Research Federal Facility, University of 
California, Davis.1 Remedy implementation and ongoing monitoring is performed in accordance 
with the Quality Assurance Project Plan (DOE 2010c). 
 
4.2.1 Implementation of the No Action/No Further Action Remedy 
 
DOE accelerated cleanup in the DOE Areas by completing several removal actions that 
successfully addressed principal environmental threats at the LEHR Federal Facility. Following 
the removal actions, risks to human health and the environment were estimated for the DOE 
Disposal Box, DSS 1, DSS 5, DSS 6, DSS 7, and WDP areas in the Risk Characterization Report 
(DOE 2005). As shown in Table 3, the no action/no further action remedy was selected for these 
DOE Areas.  
 
Human health and ecological risk characterizations were performed to examine the strengths 
and weaknesses of lines of evidence indicating whether constituents of potential concern pose 
significant risks (DOE 2005; BBL 2006). A groundwater risk characterization was included in 
the human health Risk Characterization Report (DOE 2005). As documented in their approval 

                                                 
1 This report is currently in progress. 
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of this report, the remedial project managers made a risk management decision that the risks 
were insignificant and no further action was required in these areas. 
 
A follow-up risk assessment was conducted in 2007 to evaluate potential risk associated with 
post-removal action backfill in the WDP area (Weiss 2007). The results of this risk assessment 
did not change the remedial project managers’ decision that no further action was required in 
the WDP (DOE 2009b). 
 
A summary of constituent concentrations, risk calculations, and lines of evidence that form the 
basis of the risk management decisions is presented in the ROD (DOE 2009b). 
 
On the basis of DOE’s compliance with DOE Order 5400.52 for release of property for 
unrestricted use (62 FR 51844–51845) (DOE 1997a), no action or no further action was also 
selected for:  
• LEHR buildings (including the Imhoff Wastewater Treatment Facility demolished in 1995)  
• The Co-60 irradiation field (no identified contamination and no potential for contamination 

based on historical use) 
 
All of these areas requiring No Action/No Further Action are suitable for unlimited use and 
unrestricted exposure. 
 
4.2.2 Implementation of Long-Term Groundwater Monitoring/Contingent Remediation 
 
This section discusses the implementation of the long-term groundwater monitoring and contingent 
remediation programs at the DOE Areas. As shown in Table 3, this remedy applies to the Ra/Sr 
Treatment Systems, DSS 3, DSS 4, Dry Wells A–E, and SWT areas. 
 
4.2.2.1 Long-Term Groundwater Monitoring 
 
Long-term groundwater monitoring was implemented in 2011. The monitoring wells included 
in the program are shown on Figure 3. Groundwater samples are collected for three categories 
of analytes:  
• COCs are constituents that were identified in the Risk Characterization Report (DOE 2005) 

based on their presence in soil at levels statistically above background and at concentrations 
contributing to human health cancer risks above 1 in 1 million and/or their potential to 
impact groundwater at concentrations above background levels. 

• Monitoring-only constituents (MOCs) were identified in the Risk Characterization Report 
(DOE 2005) as constituents that should be included in a monitoring plan for the DOE Areas; 
these compounds were identified as having a very low (but possible) potential to impact 
groundwater in the future.  

• New well constituents (NWCs) are compounds that are potentially present above 
background levels in wells UCD1-068 through UCD1-072 based on full-suite analyses 
performed on samples collected from wells installed in 2011. (Note: NWCs were not 
identified in the ROD [DOE 2009b] but were added to the monitoring program after these 
new monitoring wells were installed in 2011 [DOE 2010b]). 

                                                 
2 DOE Order 5400.5, Radiation Protection of the Public and the Environment, was cancelled in its entirety by 

DOE Order 458.1. 
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Figure 3. Groundwater Monitoring Locations 
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In 2011 and 2012, background and baseline values were established for each monitoring well-
specific COC, MOC, and NWC based on the sampling program documented in the RD/RAWP 
(DOE 2010a) and LEHR regulatory stakeholder input (Weiss 2012). Annual samples have since 
been collected, compared to these values, and the sampling program updated, as appropriate, in 
coordination with the regulatory stakeholders. Annual monitoring reports recording these 
monitoring changes were prepared for 2011, 2012, and 2013 (Weiss 2013, 2014a, 2014b). 
A monitoring program decision process for COCs was presented in the RD/RAWP 
(DOE 2010a); however, during the first 5 years of monitoring it became evident that this process 
required revision to be workable. A revised program decision process for evaluating all well-
specific constituents (COCs, MOCs, and NWCs) has been developed based on the annual data 
reviews conducted with input from the regulatory stakeholders; this process is summarized on 
Figure 4.  
 
Results from the 2014 annual sampling were discussed at the remedial project managers meeting 
held on July 15, 2014, and a sampling plan for 2015 was proposed (Weiss 2014c). A 
comprehensive analysis of monitoring data collected during the Five-Year Review period 
(2011 through 2015) was conducted, and opportunities for further optimization were identified, 
as discussed further in Section 6.4. 
 
As established in the RD/RAWP (DOE 2010a), if concentrations of COCs remain below 
background levels or are not detected for 5 consecutive years and show no increasing trend, the 
monitoring frequency is reduced from annual to biennial until the next Five-Year Review. If 
concentrations of COCs continue to be below background levels or not detected in the following 
five-year period, the sampling frequency may be further reduced to triennial or once every five 
years (approximately one year before the Five-Year Review report is due). Reduction in the 
monitoring frequency or termination of monitoring is considered for specific COCs and must be 
approved by the regulatory agencies before implementation. Based on the first five years of 
monitoring, DOE recommends that similar criteria for monitoring frequency reduction also apply 
to baseline levels for those constituents with baselines above background. For these constituents, 
sampling frequency may be reduced provided the baseline level is below the maximum 
contaminant level (MCL) or other relevant water-quality criterion and levels remain at or below 
baseline with no increasing trend, with any proposed frequency reductions being approved by the 
regulatory agencies before implementation.  
 
The RD/RAWP (DOE 2010a) specifies that annual monitoring of MOCs and NWCs will be 
conducted until it can be determined, on the basis of monitoring data, that these constituents pose 
no threat to groundwater quality. Termination of monitoring of a constituent must be approved 
by the regulatory agencies. DOE recommends that monitoring frequency reduction for MOCs 
and NWCs be based on the same criteria as for COCs, with any proposed frequency reductions 
being approved by the regulatory agencies before implementation.  
 
4.2.2.2 Contingent Remediation 
 
During the first 5 years, contingent remediation has not been required. However, it is possible 
that continued long-term groundwater monitoring could eventually indicate that COCs are 
migrating from DOE Areas soil to groundwater and are impacting or may impact groundwater 
quality. In such a case, remedial cleanup technologies will be evaluated in accordance with 
CERCLA, ARARs, and the corrective action requirements of Title 27 of the Code of California 
Regulations.   
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Figure 4. Groundwater Monitoring Decision Process 
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Figure 4 includes the updated decision process for triggering remedial technology evaluations. 
As shown on this figure, each well-specific constituent result is first compared with the 
appropriate criterion (i.e., baseline for those constituents with baseline above background and 
background for those with baseline below background). If the criterion is exceeded, data quality 
and uncertainty is carefully evaluated. If the criterion is confirmed to be exceeded, the Mann-
Kendall trend test is conducted at the alpha significance level of 1 percent, and time series plots 
are reviewed for trends. If monitoring data suggest an increasing concentration trend, data 
quality/uncertainty is considered and the background concentration is reevaluated to assess if 
background levels have increased. If needed, additional sampling and analysis for the constituent 
in the specific monitoring well in question and/or in background wells may be conducted. If 
the monitoring results indicate a significant increasing trend over the baseline or background, 
whichever is appropriate, the sampling frequency is increased to quarterly for 1 year and is then 
evaluated. If the evaluation indicates an ongoing increasing concentration trend, remedial 
cleanup technologies are evaluated. If not, monitoring reverts to its previous frequency. 
 
4.2.3 Implementation of Land-Use Restrictions 
 
Per the requirements of the ROD (DOE 2009b), DTSC entered into an agreement with the 
Regents to restrict use of portions of the DOE Areas to protect present or future human health or 
safety or the environment from residual contaminants. The DTSC is the administrator of this 
Covenant. DOE Areas subject to land-use controls are shown on Figure 5. The Covenant 
was recorded with the County of Solano on July 11, 2014, as Document No. 201400051822 
(DTSC 2014) and contains the following restrictions: 
• Access must be granted for the purpose of collecting samples and maintaining groundwater 

monitoring wells  
• Interference, tampering with, or destruction of the groundwater monitoring system is 

prohibited 
• An SMP must be adhered to in all DOE Areas except where no action or no further action is 

the remedy 
• Residential use, use for day care for children, and cultivation of crops for human 

consumption are prohibited in the DSS 4 area 

• Reuse outside of the Site boundary of soil from locations within the DOE Areas subject 
to land-use controls for any purpose is prohibited without the DTSC and EPA’s 
written approval 

• EPA and DTSC shall have reasonable right of entry and access to the property for periodic 
inspections to ensure compliance with land-use restrictions 

 
The Covenant (DTSC 2014), recorded in the chain of title for the property, serves to ensure 
enduring notice to parties of the restrictions on land use and land disturbance activities at the 
DOE Areas. 
 



 

 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
Page 22 

  

 
 

Figure 5. DOE Areas of the LEHR Federal Facility Subject to Land-Use Controls
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Land-use restrictions shall be maintained until the concentrations of contaminants in soil are at 
levels that allow unrestricted use (see remediation goals in Table 4 and Table 5). As long as 
contamination requiring the implementation of an SMP or land-use restrictions remains in place, 
DOE shall continue to conduct Five-Year Reviews to ensure that the selected remedy remains 
protective. The SMP shall be maintained and updated during Five-Year Reviews. 
 
In accordance with the MOA between DOE and the Regents, following each Five-Year Review, 
DOE shall consult with EPA, DTSC, CRWQCB, and CDPH, or the successors to these agencies, 
to determine whether it is necessary for the land-use covenants to remain in effect or if the land-
use covenants can be terminated entirely or amended to delete specific DOE units from the 
land-use restrictions (DOE 2009a). 
 
4.2.3.1 Soil Management Plan 
 
Because residual contamination is left in place at LEHR, an SMP is required to address the 
residual chemical and radionuclide soil contamination, except for areas where no action or 
no further action was selected. All soil-disturbing activities—including excavation, grading, 
trenching, and utility installation or repair—are subject to the requirements of the SMP.  
 
DOE has entered into an MOA with the Regents whereby UC Davis develops internal policies, 
procedures, and training to ensure implementation of the SMP in DOE Areas (DOE 2009a). 
The Environmental Health & Safety (EH&S) Unit at UC Davis provides ongoing training and 
guidance to university staff to communicate soil-management requirements to applicable units 
that may perform, manage, or contract for work at and near DOE Areas and to avoid unnecessary 
soil-disturbing activities in the areas subject to the SMP. 
 
Information on the following topics is provided: 

• Roles and responsibilities for soil management in the DOE Areas 

• Areas and contaminants subject to soil-management requirements 

• Soil management during excavation or construction 

• Permits for soil-disturbing activities 

• Plans and documentation 

• Soil management during emergency work 

• Waste management 

• Waste characterization and disposal 

• Inspections 
 
The most recent SMP training occurred on July 23, 2015. SMP training is conducted annually. 
The soil management areas are inspected for soil disturbance annually and reported in annual 
land-use covenant inspection reports (DOE 2013, 2014, 2015a). No permit-required soil 
disturbing activities have occurred since the SMP was implemented in 2011, and no evidence of 
contaminated subsurface soil disturbance was found during the inspections.  
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Before any soil-disturbing activities may begin, a permit application detailing the nature of the 
project; the project’s location; and the expected depth of any proposed trenching, excavation, 
drilling, or other soil disturbance must be submitted to the EH&S Unit. No work may begin until 
the EH&S Unit approves the permit for the proposed project. 
 
4.2.3.2 No Residential Use 
 
As specified in the ROD (DOE 2009b), specific land-use restrictions are required for the DSS 4 
area (Figure 5) until the concentrations of contaminants in the soil are at levels that allow for 
unrestricted use (Table 4 and Table 5). In finalizing the Covenant (DTSC 2014), DTSC and EPA 
agreed to modify the land-use restrictions listed in the ROD to remove the restriction on use for 
any type of educational purpose for children under the age of 21, because this restriction was not 
necessary for protectiveness. The Covenant specifies that residential use, use for day care for 
children, and the cultivation of crops for human consumption are prohibited in the DSS 4 area. 
 
4.2.3.3 Prohibition Against Interference with Monitoring System 
 
The destruction or disturbance of monitoring wells is prohibited in the Covenant (DTSC 2014). 
Activities that may disturb the effectiveness of the groundwater monitoring well system 
(e.g., excavation, grading, removal, trenching, filling, earth movement, mining) are not permitted 
within the DOE Areas at LEHR without prior review and written approval by DTSC and EPA 
unless such activities are expressly allowed in the approved SMP.  
 
4.3 Remedy Operations and Maintenance 
 
O&M activities at DOE Areas are conducted according to the procedures specified in the 
RD/RAWP (DOE 2010a). These activities consist of groundwater monitoring and conducting 
ongoing training and implementation of the SMP, as described above. Maintenance activities 
include inspecting and maintaining groundwater monitoring wells and land-use restriction 
features. Inspections of groundwater monitoring wells, anti-tampering plaques, land survey 
monuments, and locations within the DOE Areas subject to land-use restrictions are conducted at 
least once per year and reported in Annual Land-Use Covenant Inspection Reports (DOE 2013; 
2014; 2015a). Maintenance activities such as well repairs are also documented in the 
inspection reports. 
 
Table 7 compares the long-term groundwater monitoring costs that were used as the basis for the 
ROD cost estimates to the actual costs for this first five-year period. The actual costs were lower 
than expected in the first year and higher in the second and third years because data collection to 
establish background and baseline levels was extended over 2 years (see Section 4.2.2.1) and 
evaluation of these data extended into the third year instead of being completed in 1 year as 
originally planned. Over all, five-year groundwater monitoring costs were higher than expected, 
mostly due to the more extensive effort required to establish background and baseline levels and 
the addition of NWC analyses.  
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Table 7. Five-Year Groundwater Monitoring Costs 
 

Year 
Cost 

Estimated 
for RODa 

($) 
ROD Cost Estimate Basis 

Actual 
Costa 

($) 
Actual Work Performed 

2011 225,000 

Protocol development; quarterly 
sampling with full-suite analysis; 
data evaluation to establish 
analyte list, background and 
baseline levels; annual report 

125,000 
Protocol development; quarterly 
sampling with full-suite analysis; data 
evaluation; annual report 

2012 33,000 Annual monitoring and reporting 146,000 Protocol development; quarterly 
sampling; data evaluation; annual report 

2013 33,000 Annual monitoring and reporting  94,000 
Completed data evaluation to establish 
background/baseline levels; Annual 
monitoring and reporting 

2014 33,000 Annual monitoring and reporting 45,000 Annual monitoring and reporting 

2015 33,000 Annual monitoring and reporting  39,000 Annual monitoring and reporting  

Total 358,000  449,000  
Note: 
a Rounded to the nearest $1000. 
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5.0 Progress Since the Last Five-Year Review 
 
This is the first Five-Year Review for the LEHR Federal Facility. 
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6.0 Five-Year Review Process 
 
This section discusses the Five-Year Review process for the LEHR Federal Facility. 
 
6.1 Administrative Components 
 
DOE’s Office of Legacy Management, EPA, CDPH, CRWQCB, and DTSC established the 
Five-Year Review schedule with the following components: 

• Community Involvement 

• Document Review 

• Data Review 

• Inspection of the DOE Areas 

• Local Interviews  

• Five-Year Review Report Development and Review 
 
The schedule extends into 2016. 
 
6.2 Community Involvement 
 
Notices of the Five-Year Review were published in The Davis Enterprise on May 29, 2015  
(p. A-1, Appendix A); and The Sacramento Bee on June 1, 2015 (p. A-2, Appendix A). A notice 
is also currently accessible on the DOE’s Office of Legacy Management website  
(p. A-3, Appendix A) (DOE 2015b). These notices describe the remedy implemented by DOE 
during this first Five-Year Review period but do not mention contingent remediation since none 
was required. In addition, UC Davis staff members with direct involvement in the Site were 
personally notified of the Five-Year Review. This includes staff members of the Center for Health 
and the Environment (CHE) (located at the Site), UC Davis Design and Construction 
Management (DCM), and UC Davis Grounds and Landscape Services. The Davis South Campus 
Superfund Oversight Committee (DSCSOC), a public participation group funded through the 
Technical Assistance Grant program, disbanded in March 2010. There has not been a formal 
community involvement group for the Site since that time. 
 
6.3 Document Review 
 
Documents reviewed for this Five-Year Review are listed in Section 12.0, “References.” 
Additional documents reviewed are referenced in each of the appendixes, as appropriate. The 
tables of ARARs presented in the ROD (DOE 2009b) were reviewed for potential changes. 
Results of this evaluation are provided in Section 7.2.1 and Appendix B.  
 
6.4 Data Review 
 
In accordance with the procedures specified in the RD/RAWP (DOE 2010a), groundwater 
monitoring data from the monitoring well network are evaluated for evidence of groundwater 
impact annually by conducting trend analyses and comparing results to background and 
baseline levels for well-specific constituents identified in the RD/RAWP. The results of these 
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evaluations are presented in the annual water monitoring reports for the Site. For this Five-Year 
Review, a comprehensive trend analysis of data collected during the five-year reporting period 
was conducted for each well-specific constituent identified in the RD/RAWP to determine if 
any constituents have increasing concentrations or can be removed from the monitoring program 
or monitored less frequently (DOE 2010a). Results of this data analysis are presented in 
Appendix C. 
 
On the basis of the analysis, no COC, MOC, or NWC concentrations are increasing such that 
increased monitoring frequency or other response actions are needed. Although trend analyses for 
chloroform in well UCD1-072 and nitrate in well UCD1-069 indicated an upward trend, the 
concentrations and potential trends for these well-specific constituents do not warrant increased 
monitoring frequency or other response, as described in Appendix C. No well-specific constituent 
is recommended for removal from the monitoring program based on the trend analysis; however, 
monitoring for most DOE Areas groundwater well-specific constituents can be optimized by 
reducing the frequency to biennial, which will still provide adequate data to evaluate potential 
groundwater impacts. Of the 72 well-specific constituents monitored, 46 are proposed for 
monitoring frequency reduction to biennial, with an additional 7 potentially proposed for biennial 
monitoring depending on 2016 results (Table C-4, Appendix C). 
 
6.5 Inspection of the DOE Areas 
 
The most recent inspection of the DOE Areas was conducted on June 16, 2015, by the project 
team as listed in Appendix D. The purpose of the inspections was to assess the protectiveness of 
the remedy. The inspection focused on: 

• Prohibited uses at the DSS 4 area 

• Compliance with the SMP 

• Operation and maintenance of groundwater monitoring wells 
 
No residential use, use for day care for children, or cultivation of crops for human consumption 
was observed in the DSS 4 Area.  
 
Minor soil disturbance was found in the northwest corner of the EDPs due to removal activities 
associated with a fallen tree. The volume and depth of the soil disturbance were less than the 
quantities that would require a permit according to the specifications in the SMP (disturbed 
depths less than 1 foot and soil displaced less than 5 cubic yards [DOE 2010a]). However, the 
northwest survey monument for the EDP was removed and lost due to this activity. 
 
Groundwater monitoring wells were in good condition, and none showed evidence of tampering. 
Some minor well maintenance issues were noted.  
 
The full inspection of the DOE Areas, including the Inspection Checklist and photographs taken 
on June 16, 2015, is provided in Appendix D. 
 
6.6 Interviews 
 
Table 8 lists those approached for interviews for this Five-Year Review; each person’s title, role 
on this project, and response to the interview request are also provided.  
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Interviews of the six people listed above who agreed to be interviewed were conducted by 
telephone between June 26 and July 1, 2015. The questionnaire used for the interview, as well 
as transcripts recording each interviewee’s responses, is provided in Appendix E.  
 

Table 8. Individuals Invited To Be Interviewed for the Five-Year Review 
 

Person Title Role on DOE 
Areas Project 

Response to 
Interview Request 

Sue Fields Environmental Manager, 
UC Davis EH&S Unit UC Davis project manager Yes 

Cary Avery 
Associate Director of Grounds 

and Landscape Services, 
UC Davis 

Grounds maintenance Yes 

Ardie Dehghani Campus Engineer, UC Davis DCM Construction oversight Yes 

Sue Russell Chief Administrative Officer, 
UC Davis CHE Works at CHE, which is onsite Yes 

Shanie McCarty EHS Specialist I, UC Davis CHE Works at CHE, which is onsite Yes 

Kent Pinkerton Director, UC Davis CHE Works at CHE, which is onsite Yes 

Mary Rust Neighboring Landowner Member of former DSCSOC Declineda 

David Stensby Remedial Project Manager EPA Region 9 Declinedb 

Durin Linderholm Engineering Geologist CRWQCB Declinedb 

John Bystra Project Manager DTSC Declinedb 

Notes: 
a Stated that she no longer lives in the area and is not up-to-date on DOE Areas activities. 
b Indicated that they have no additional input beyond that provided through regular meetings and document review. 
 
 
A summary of interviewee responses is provided below: 

• All respondents felt that the DOE Areas remedy is adequately protective, and none were 
aware of any changes in DOE Areas conditions, laws, or regulations in the past 5 years that 
would affect the protectiveness and effectiveness of the remedy. 

• All respondents felt that they were adequately informed about the remedy and land-use 
restrictions, trained on their responsibilities regarding the remedy implementation 
(as appropriate), and knew where to obtain information about the remedy. All respondents 
indicated that the UC Davis EH&S Unit is their primary source of information. 

• In terms of impact that the DOE Areas remedy has had on the community, two UC Davis 
respondents mentioned concerns related to Pacific Gas and Electric’s plan to install a new 
high-pressure gas line adjacent to the Site and the associated disruption to groundwater that 
could potentially impact the remedy. Two UC Davis respondents also mentioned community 
concern that the remedy was overly protective and costly. One respondent mentioned past 
community concern about the groundwater plume but stated that his understanding is that 
DOE has been very detailed in following that plume and its progress and has provided 
information on the plume to the public in regular meetings. 
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• When asked about complaints, violations, incidents, or activities involving the DOE Areas 
and remedy, one or more respondents mentioned:  

 Several years ago someone representing the State was planning to drill a soil boring 
to assess the Putah Creek levee adjacent to the Site. The UC Davis EH&S Unit was 
notified and helped the State representative select a location that would not interfere 
with the DOE Areas remedy. 

 A land survey monument for the DOE Areas remedy was recently lost and some surface 
soil was disturbed when a fallen tree at the Eastern Dog Pens was cleared out. The 
UC Davis EH&S Unit was notified and confirmed that no soil disturbance requiring 
notification had occurred. At the time of the interview, the EH&S Unit was in the 
planning stage for replacing the missing monument and including more highly visible 
markers for the monuments. 

 The UC Davis Department of Public Health Sciences recently asked the UC Davis 
EH&S Unit where they could site a shaded structure at the Site. A meeting was 
scheduled to select a location that would not impact any of the restricted areas. 
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7.0 Technical Assessment 
 
This section provides the technical assessment of the selected remedies for the DOE Areas. 
 
7.1 Question A: Is the Remedy Functioning As Intended by the Decision 

Documents? 
 
The review of documents and data and the results of the DOE Areas inspection and interviews 
indicate that the remedy is functioning as intended by the ROD (DOE 2009b). Land-use controls 
and groundwater monitoring were implemented as specified in the ROD; both of these remedy 
elements are functioning well. As described in Section 4.3, O&M annual costs generally have 
been consistent with expectations. On the basis of the monitoring costs for the fifth year 
(see Table 7) and the opportunities for optimization described below, monitoring costs for the 
next Five-Year Review period are expected to be consistent with or lower than those estimated 
for the ROD.  
 
7.1.1 Land-Use Restrictions 
 
As stated in the ROD, the intended objectives of the land-use restrictions are to: 

• Prevent exposure to contaminated soil. 

• Prevent improper disposal of contaminated soils. 

• Maintain the integrity of all present and future monitoring wells for alternatives requiring 
groundwater monitoring (DOE 2009b). 

 
The land-use restrictions include a recorded deed restriction on residential use at DSS 4, access 
for contingency remediation, and SMP implementation at the Ra/Sr Treatment Systems, DSS 3, 
DSS 4, Dry Wells A-E, SWT area, and EDP areas. On the basis of the document review, 
inspection, and interviews, these land-use restrictions have been effectively implemented and are 
functioning as intended to meet the three objectives listed above. Land surveying and monument 
installation for the restricted areas was completed in 2011, and the Covenant prohibiting 
residential use was recorded by Solano County in 2014 (DTSC 2014). SMP training is conducted 
annually. Workers at the Site are well-informed on the SMP requirements and areas of 
applicability. O&M issues encountered during the five-year period have been routine and easily 
manageable. No soil-disturbing events that would require a permit have occurred. One incident 
of a minor soil disturbance was reported during the Five-Year Review period (see Appendixes D 
and E), but it was determined that the volume (less than 5 cubic yards) and depth (less than 
1 foot) of the disturbed soil were less than those requiring a permit under the SMP. One 
monument (M19) was recently lost due to grounds maintenance work in the northwest corner of 
the EDPs. On September 29, 2015, Hunter Surveying, a California-licensed land surveyor, 
reinstalled monument M19 at its previous location. 
 
Improving the visibility of the survey monuments by adding high-visibility markers is an 
opportunity for the optimization of land-use controls. The SMP specifies that the surveyor’s 
maps shall be used by the EH&S Unit in reviewing every soil disturbance activity to determine if 
it is in a controlled area and prior to issuing a permit, and the monuments serve only as a 
secondary indicator of controlled areas. However, through improved visibility, the time required 
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to locate monuments during inspections and the likelihood of inadvertent damage of the 
monuments during grounds work should be reduced, thereby reducing ongoing O&M costs. 
  
7.1.2 Long-Term Groundwater Monitoring 
 
As stated in the ROD (DOE 2009b), the function of the long-term groundwater monitoring is to 
ensure that if contaminants begin to impact groundwater, remedial action will be taken to prevent 
the degradation of water quality. The monitoring well network described in the RD/RAWP 
(DOE 2010a) was implemented as designed in 2011 (identification plaques installed in 2011 
and 2012) and provides adequate sampling points for assessing potential groundwater impact 
from DOE areas. O&M of the well network has, on the whole, been effective. Wells have 
required minor maintenance such as cover bolt replacement and thread cleaning, concrete apron 
repairs, vault replacement, and identification plaque replacement. Improving the visibility of 
wells prone to vault damage by grounds maintenance equipment was identified as an opportunity 
for optimization.  
 
The groundwater monitoring optimization evaluation conducted for this Five-Year Review 
is described in Section 6.4 and Appendix C. On the basis of the analysis, no COC, MOC, or 
NWC concentrations are increasing such that increased monitoring frequency or other response 
actions are needed. Although trend analyses for chloroform in well UCD1-072 and nitrate in 
well UCD1-069 indicated an upward trend, the concentrations and potential trends for these 
well-specific constituents do not warrant increased monitoring frequency or other response, as 
described in Appendix C. No well-specific constituent is recommended for removal from the 
monitoring program; however, monitoring for most DOE Areas groundwater well-specific 
constituents can be optimized by reducing the frequency to biennial, which will still provide 
adequate data to evaluate potential groundwater impacts. Of the 72 well-specific constituents 
monitored, 46 are proposed for monitoring frequency reduction to biennial, with an additional 
7 potentially proposed for biennial monitoring depending on 2016 results (Table C-4, 
Appendix C). 
 
7.2 Question B: Are the Exposure Assumptions, Toxicity Data, Cleanup 

Levels, and RAOs Used at the Time of the Remedy Still Valid? 
 
There have been no changes in the current and future land/groundwater uses and physical 
conditions in the DOE Areas that would affect the protectiveness of the remedy. The subsections 
below evaluate changes in standards, to-be-considered (TBC) criteria, toxicity, and ecological 
risk for the exposure pathways evaluated in the Risk Characterization Report (DOE 2005) and 
for vapor intrusion from soil. While groundwater is not part of the DOE Areas, mitigating 
potential future impacts to groundwater is an RAO for DOE Areas constituents, and 
groundwater-protective remediation goals for soil were established in the ROD (see Section 4). 
Therefore, the basis of each of these remediation goals was also evaluated for changes. 
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7.2.1 Evaluation of Changes in Standards and To-Be-Considered Criteria 
 
For this Five-Year Review, the promulgated standards (i.e., MCLs), TBC criteria, and the soil 
remediation goals for the protection of human health and groundwater that were designated in 
the ROD (DOE 2009b) were reviewed for changes that may impact the protectiveness of 
the remedy.  
 
Potential risks associated with direct exposure to soil were reevaluated based on new exposure 
and toxicity factors, as described in Section 7.2.2 below. After a reevaluation, the direct exposure 
soil remediation goals for the protection of human health (Table 4) remain protective for the 
identified COCs at 1 in 1 million cancer risk except for dibenzo(a,h)anthracene for hypothetical 
onsite residents and benzo(a)pyrene for construction workers. On the basis of the risk 
reevaluation (Section 7.2.2 and Appendix G), the remediation goals of 0.1 milligram per 
kilogram (mg/kg) for dibenzo(a,h)anthracene and 2 mg/kg for benzo(a)pyrene listed in the ROD 
represent a 2 in 1 million cancer risk for hypothetical onsite residents and construction workers, 
respectively. Dibenzo(a,h)anthracene was detected at the DSS 4 area in two of six samples. This 
change does not affect the protectiveness of the remedy for hypothetical onsite residents since 
there is a land-use restriction at the DSS 4 area that prohibits residential use. The results of risk 
assessment calculations in Appendix G indicate that the construction worker remediation goal for 
benzo(a)pyrene in the DSS 4 area should be lowered from 2 mg/kg to 1 mg/kg to be protective at 
1 in 1 million cancer risk. However, these construction worker risk and remediation goals are 
likely overly conservative for construction work at DSS 4 because of the limited extent of 
benzo(a)pyrene contamination (immediate vicinity of the leach pipe) and the assumed 1-year 
exposure duration (substantially longer than would be anticipated).  
 
The only new promulgated groundwater standards identified are a revised MCL for molybdenum 
and a new California MCL for hexavalent chromium (Appendix B). The remediation goals for 
the protection of groundwater were reviewed based on revisions to MCLs and the Site 
groundwater background values (Table 9). As described in Appendix F, the change in the 
molybdenum MCL results in revised calculated MCL-based molybdenum soil remediation goals 
for the protection of groundwater in the DSS 3 area and the Dry Wells A–E area. As specified in 
the RD/RAWP (DOE, 2010), sample collection and determination of background values was 
conducted to establish the background groundwater condition in support of the groundwater 
monitoring remedy in the DOE Areas. As described in Appendix F, calculated background-based 
remediation goals for formaldehyde in DSS 3, selenium in DSS 4, and molybdenum, 
cesium-137, and Sr-90 in the Dry Wells A–E area changed in response to the new groundwater 
background levels. As shown by the graphs in Appendix C (Attachment C-2), these changes do 
not affect the protectiveness of the remedy. Because both the background-based and MCL-based 
remediation goals for cesium-137 are above the maximum soil concentrations detected in the 
Dry Wells A–E area, this constituent is no longer considered a groundwater impact COC for 
this area. 
 
Two guidance documents on vapor-intrusion evaluation were identified as new TBC criteria: 
Final Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to Indoor Air 
(Vapor Intrusion Guidance) (DTSC 2011) and OSWER Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from Subsurface Vapor Sources to Indoor Air 
(OSWER = Office of Solid Waste and Emergency Response) (EPA 2015a). These documents 
were considered in the reevaluation of vapor-intrusion potential described below. 
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7.2.2 Evaluation of Changes in Toxicity and Exposure Pathways for COCs 
 
For the soil COCs, reference doses, cancer potency factors, and exposure assumptions were 
reviewed, and risks were recalculated based on updated toxicity values for chemical and 
radiological COCs and exposure assumptions (Appendix G). On the basis of the Five-Year 
Review recalculation of human health cancer risks and non-cancer hazards from the soil 
ingestion, dermal contact, plant ingestion, dust inhalation, and external radiation pathways for 
the identified COCs at DSS 4, the EDPs, and the SWTs, the cancer risks and non-cancer hazards 
are either lower, unchanged, or only slightly higher than those presented in the ROD. 
Recalculated non-cancer hazards remained below the threshold of 1. Recalculated risks that 
increased slightly were those for dibenzo(a,h)anthracene for hypothetical onsite residents 
(increased from 1 × 105 to 2 × 105) and benzo(a)pyrene for construction workers (increased from 
1 × 106 to 2 × 106). As such, the current remedy is protective. 
 

Table 9. Five-Year Review of Groundwater Basis for Designated Levels in the DOE Areas 
 

Groundwater 
COC Units 

HSU-1 
Background 
at Time of 

SWRA 

Current 
HSU-1 

Backgrounda 

Regulatory 
Level at 
Time of 
SWRA 

Current 
Regulatory 

Level 
Current Regulatory-

Level References 

Carbon-14 pCi/L 3.5 7 2000 2000 MCL (SWRCB 2015a) 

Cesium-137 pCi/L 1 5 200 200 MCL (SWRCB 2015a) 

Total chromium µg/L 25 43.7 50 10 California EPA MCLb 
(SWRCB 2015a) 

Chromium 
(hexavalent) µg/L 39.4 40 50 10 California EPA MCL 

(SWRCB 2015a) 

Formaldehyde µg/L 1140 13 100 100 California Notification 
Level (SWRCB 2015b) 

Mercury µg/L 0.1 0.0479 2 2 MCL (SWRCB 2015a) 

Molybdenum µg/L 14.9 3.13 180 100 RSL (EPA 2015b) 

Nitrate as N mg/L 25.1 15 10 10 MCL (SWRCB 2015a) 

Radium-226 pCi/L 1.14 1.17 5 5 Public Health Goals 
(SWRCB 2015a) 

Selenium µg/L 5.67 1.74 50 50 MCL (SWRCB 2015a) 

Silver µg/L 5 1 100 100 Secondary MCLs  
(EPA 2015c) 

Strontium-90 pCi/L 1.7 1 8 8 MCL (SWRCB 2015a) 
Notes: 
a Groundwater background determined from wells UCD1-018 and UCD1-063 monitoring data collected in 2011 and 

2012 (Weiss 2014a). 
b Based on an assumption that total chromium is 100 percent hexavalent. 
 
Abbreviations:  
HSU-1 = hydrostatic unit 1 
µg/L = micrograms per liter 
mg/L = milligrams per liter   
pCi/L = picocuries per liter   
RSL = regional screening level    
SWRA = Sitewide Risk Assessment 
SWRCB = State Water Resources Control Board    
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Vapor intrusion was evaluated in the Revised LEHR/SCDS Site-Wide Risk Assessment, Volume I: 
Human Health Risk Assessment (SWRA) (UC Davis 2004), but the evaluation did not distinguish 
between DOE and UC Davis areas of responsibility, and risks were evaluated using soil-gas data 
from the UC Davis areas. Appendix H provides an evaluation of the potential for vapor intrusion 
from soil contaminants in the DOE Areas. On the basis of EPA guidance (EPA 2015), 16 soil 
constituents with physical properties that may pose a residential risk from soil to indoor air were 
identified in the DOE Areas. Human health risks were not estimated from soil-sample data 
because EPA does not recommend using soil data to estimate the potential for vapor intrusion 
due to the potential for vapor loss during soil sampling, preservation, and chemical analysis and 
uncertainties associated with soil partitioning calculations (EPA 2015). Soil data are usable for 
qualitative identification of contaminant presence while soil-gas data are required for 
quantitative risk estimation (EPA 2015). After a preliminary evaluation, it is recommended that a 
detailed review of the soil-data quality and a spatial analysis of the location of all potentially 
vapor-forming constituents be conducted. If remedy protectiveness cannot be determined based 
on a review of the results of these analyses, soil-gas sampling may be recommended to estimate 
human health risk associated with vapor intrusion. 
 
7.2.3 Evaluation of Toxicity of Non-COCs 
 
Toxicity values for non-COCs detected above background in soil were reviewed for changes 
that may impact the protectiveness of the remedy (Appendix I). Both chemical and radiological 
constituents were evaluated. None of the chemical constituents that were not previously 
identified as COCs in the SWRA (UC Davis 2004) for the DOE Areas present a cancer risk or 
non-cancer hazard to human health based on the Five-Year Review evaluation.  
 
For radiological constituents, the recalculated risks for this Five-Year Review are slightly higher 
than those calculated in the Risk Characterization Report (DOE 2005). However, as described in 
detail in Appendix I, these changes are small and do not affect the overall protectiveness of 
the remedy.  
 
7.2.4 Evaluation of Ecological Risk 
 
Soil screening levels for plant and soil invertebrate evaluation and species-specific toxicity 
reference values, lowest-observed adverse effect levels (LOAELs) and no-observed adverse 
effect levels (NOAELs) for the bird and mammal evaluation were reviewed and changes were 
compared to those used in the Site-Wide Ecological Risk Assessment (SWERA) (BBL 2006) 
(Appendix J). Although some of these comparison values have changed, the risk to ecological 
receptors in the DOE Areas remains similar to risks estimated in the SWERA (BBL 2006). For 
example, the largest change in calculated hazard quotient was for plants exposed to manganese at 
DSS 1, which changed from 1.8 to 4.0. The recalculated hazard quotients and those estimated in 
the SWERA (BBL 2006) are presented in Table J-4 in Appendix J. 
 
7.3 Question C: Has Any Other Information Come to Light That Could Call 

into Question the Protectiveness of the Remedy? 
 
No. 
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7.4 Summary 
 
According to the data reviewed, inspection of the DOE Areas, and the interviews, the remedy is 
functioning as intended by the ROD (DOE 2009b). Land-use controls and groundwater 
monitoring are functioning well. Land-use control optimization includes improving the visibility 
of some survey monuments and monitoring wells to reduce inadvertent damage during grounds 
work. After a review of 5 years of groundwater data, 46 of 72 well-specific constituents are 
recommended for sampling frequency reduction.  
 
There have been no changes in the current and future land/groundwater uses or physical 
conditions in the DOE Areas that would affect the protectiveness of the remedy. The only new 
promulgated standards identified include a revised MCL for molybdenum and a new California 
MCL for hexavalent chromium; these changes do not affect the protectiveness of the remedy 
(Section 7.2.1). Review of direct exposure soil remediation goals for the protection of human 
health (Table 4) indicates that the goals are protective for the identified COCs at 1 in 1 million 
cancer risk except for dibenzo(a,h)anthracene for hypothetical onsite residents and 
benzo(a)pyrene for hypothetical construction workers in the DSS 4 area, which are both 
calculated to represent a 2 in 1 million risk based on the updated evaluation. There is a land-use 
restriction at the DSS 4 area prohibiting residential use, and the construction worker scenario is 
overly conservative for this area (see Section 7.2.1); therefore, the direct exposure soil 
remediation goals remain protective. 
 
Changes in toxicity factors for some soil COCs and exposure factors for some pathways 
(i.e., plant ingestion) result in risks that are either lower or unchanged from those presented in 
the ROD (DOE 2009b). The vapor-intrusion pathway was not specifically evaluated for the DOE 
Areas in the SWRA (UC Davis 2004). In the Five-Year Review evaluation, 16 soil constituents 
with physical properties that may pose a residential risk from soil to indoor air were identified. 
It is recommended that a detailed review of the soil data quality and a spatial analysis of the 
location of all potentially vapor-forming constituents be conducted; soil-gas sampling may be 
recommended.  
 
Chemical constituents that were not previously identified as COCs in the SWRA 
(UC Davis 2004) for the DOE Areas do not present a risk to human health due to direct exposure 
(i.e., ingestion, dust inhalation, or dermal contact). For radiological constituents, the recalculated 
risks for this Five-Year Review are only slightly higher than those previously calculated. These 
changes do not affect the overall protectiveness of the remedy. 
 
A few changes in ecological screening levels were identified; however, these do not affect the 
protectiveness of the remedy.  
 
There is no other information that calls into question the protectiveness of the remedy.  
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8.0 Issues 
 
Table 10 provides the issues that were identified in this Five-Year Review. 
 

Table 10. Issues from the Five-Year Review 
 

Issue 
Currently Affects 
Protectiveness 

(Yes/No/Unknown) 

Affects Future 
Protectiveness 

(Yes/No/Unknown) 
Some monuments not clearly visible leading 
to accidental damage No No 

Some monitoring well vaults not clearly 
visible leading to accidental damage No No 

No specific procedures are in place for dealing 
with fallen trees and associated soil in 
restricted areas 

No Unknown 

The vapor-intrusion pathway has not been 
evaluated completely Unknown Unknown 
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9.0 Recommendations and Follow-Up Actions 
 
To address the issues identified in Section 8.0, Table 11 provides recommended actions. 
 

Table 11. Recommendations and Follow-Up Actions To Address Issues at the DOE Areas 
 

Issue Recommendations/ 
Follow Up Actions 

Party 
Responsible 

Oversight 
Agency Milestone Date 

Some monuments not clearly 
visible leading to accidental 
damage 

Install new high-visibility 
markers for monumentsa Federal Facility EPA/State September 30, 2016 

Some monitoring well vaults 
not clearly visible leading to 
accidental damage 

Install new high-visibility 
markers for monitoring wellsa Federal Facility EPA/State September 30, 2016 

No specific procedures are 
in place for dealing with 
fallen trees and associated 
soil in restricted areas 

Include procedures for 
handling and disposing of 
fallen trees and associated 
soil in annual SMP traininga 

Federal Facility EPA/State September 30, 2016 

The vapor-intrusion pathway 
has not been fully evaluated 

Evaluate existing data, 
conduct soil vapor 
investigation if needed, 
and evaluate potential risk 
associated with this pathway 
for each DOE Area 

Federal Facility EPA/State September 30, 2017 

Note: 
a As part of this Five-Year Review, the SMP will be updated to include specifications for high-visibility markers and 
procedures for handling and disposing of fallen trees. 
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10.0 Protectiveness Statement 
 
Immediate threats at the site have been addressed, and the remedy is protective of human 
health and the environment in terms of direct soil exposure, potential groundwater impact from 
soil contaminants, and ecological risk. On the basis of the preliminary vapor-intrusion evaluation 
conducted for this Five-Year Review, a protectiveness determination for this exposure pathway 
cannot be made without further data evaluation and possible collection and evaluation of soil-gas 
data from certain locations within the DOE Areas, as described above. It is expected that this 
vapor-intrusion evaluation will be completed by September 30, 2017, at which time a 
protectiveness determination will be made via an addendum to this Five-Year Review, 
anticipated to be completed by February 28, 2018. 
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11.0 Next Review 
 
The next five-year review for the LEHR Federal Facility is required 5 years from the completion 
date for this review. 
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The tables of Applicable or Relevant and Appropriate Requirements (ARARs) in the Record of 
Decision (ROD) for the United States Department of Energy Areas (DOE Areas) of the 
Laboratory for Energy-Related Health Research (LEHR) were reviewed to determine if any 
standards identified as ARARs have changed or if there are any newly promulgated standards 
that might be ARARs or if any of the to-be-considered criteria have changed. The ROD tables 
are included here for reference. 

• Table B-1 contains the chemical-specific ARARs 

• Table B-2 contains the location-specific ARARs 

• Table B-3 contains the action-specific ARARs 
 
Based on this review, the only changes that have occurred are the promulgation of new 
maximum contaminant levels (MCLs) and the development of new site-specific background 
levels for evaluating degradation of groundwater.1 ARARs that involve MCLs and/or 
background groundwater levels are as follows: 

• Safe Drinking Water Act (42 United States Code [USC] 300 and 40 CFR 141.11–16, 
141.23–24, 141.50–51, and 141.61–62) 

• Porter-Cologne Water Quality Control Act (California Water Code, Div. 7 13000 et seq. 
and 23 Code of California Regulations (CCR) Chap. 15, 2510–2559, 2580–2601) 

• Central Valley Regional Water Quality Control Board Basin Plan, Chapters II and III 

• Statement of Policy with Respect to Maintaining High Quality Waters in California, 
State Water Resources Control Board Resolution No. 68-16 (Anti-Degradation Policy) 

• Sources of Drinking Water Policy, State Water Resources Control Board Resolution 
No. 88-63 

• Policies and Procedures for Investigation, Cleanup and Abatement of Discharges under 
Water Code Section 13304, State Water Resources Control Board Resolution No. 92-49 
(as amended April 21, 1994)  

• The Safe Drinking Water and Toxic Enforcement Act (California Health & Safety 
Code 25249.5–25249.13) Title 22 CCR, Sections 64431–64445 

 
No new ARARs were identified. 
 

                                                 
1 Specific changes are discussed in Appendix F, Potential Groundwater Impact Evaluation. 
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Table B-1. Chemical-Specific Requirements for the Selected Remedy for the DOE Areas for the LEHR Federal Facility
 

Requirement/Authority Description Applicability Area ARAR Category 
Federal 

Safe Drinking Water Act (42 USC 300 and  
40 CFR 141.11–16, 141.23-24, 141.50-51, and 141.61-62) 

Establishes MCLs for drinking water in public water supply systems based on acceptable 
health-based criteria.  

Groundwater beneath the Site is identified by the State of California as a 
potential source of drinking water. Although there is no public water-
supply system at the Site, contaminants released to the soil at the DOE 
Areas may migrate and impact the beneficial use of underlying 
groundwater; therefore, this requirement is relevant and appropriate. 
Unless otherwise noted, federal MCLs and background concentration 
values were used by DOE as the reference standard for defining 
acceptable residual concentrations of contaminants in soil where 
migration of these contaminants from soil to groundwater has occurred 
or may occur. Those contaminants for which a state MCL or standard 
was used as the reference standard are specifically identified in the text 
of this Record of Decision and in this ARARs table. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Relevant and 
Appropriate 

Uranium Mill Tailings Radiation Control Act (UMTRCA) 
42 USC Chapter 88 (40 CFR 192.12(a) and 192.32(b)) 

Establishes cleanup criteria for uranium and thorium mill tailings, and properties 
contaminated with uranium and thorium mill tailings. Ra-226 cleanup standards are 
established as 5 pCi/g above natural background to a depth of 15 cm and 15 pCi/g above 
natural background for deeper soil.  

While the Site is not subject to UMTRCA, long-term soil management 
may need to address Ra-226 in soil; therefore, the UMTRCA cleanup 
criteria are relevant and appropriate. All locations within the DOE Areas 
were evaluated using a site-specific risk-based cleanup goal, which was 
well below the UMTRCA cleanup criteria, and thus, the DOE Areas 
would comply with this regulation.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Relevant and 
Appropriate 

Use of Soil Cleanup Criteria for 40 CFR 192 as Remediation 
Goals for CERCLA Sites (OSWER Directive 9200.4–25, 
February 12, 1998) 

OSWER Directive 9200.4-25 addresses the use of the soil cleanup criteria in 40 CFR 192 
when setting remediation goals at CERCLA sites with radioactive contamination. In 
particular, it clarifies the intent of 40 CFR 192 in setting remediation levels for subsurface 
soil. Subpart B of 40 CFR 192 contains two different soil standards: concentration criterion 
for surface soil of 5 pCi/g of radium-226, and the concentration criterion for subsurface of 
15 pCi/g of radium-226. The 15 pCi/g standard would be expected to achieve an actual 
subsurface cleanup level of below 5 pCi/g in practice. 

Same as above. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

To Be Considered 

State and Local 

Criteria for Identifying Hazardous Wastes  
(CCR, Title 22, 66261. 21–33) 

Tests for identifying hazardous waste characteristics are set forth in these regulations. If a 
chemical is either listed or tested and found hazardous, then remedial actions must comply 
with the applicable CCR Title 22 requirements.  

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Porter-Cologne Water Quality Control Act (California Water 
Code, Div. 7 13000, et seq. and 23 CCR Chap. 15,  
2510–2559, 2580–2601)  

Establishes authority for state and regional water boards to determine site-specific waste 
discharge requirements and to regulate disposal of waste to land. Authorizes regional boards 
to protect existing and probable future beneficial uses of waters of the state. 

Applies to all residual soil contamination. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Central Valley Regional Water Quality Control Board Basin 
Plan, Chapter ll 

Describes water basins in the Central Valley Region, establishes beneficial uses of 
groundwater and surface waters, establishes water-quality objectives and numerical 
standards, establishes implementation plans to meet water-quality objectives and protect 
beneficial uses, and incorporates statewide water-quality control plans and policies. The 
substantive provisions of this plan dealing with the beneficial uses of water bodies and water-
quality objectives identified in the Basin Plan are applicable to the cleanup. Under CERCLA, 
the implementation requirements of this plan are not applicable. 

Identifies groundwater beneath the Site as a potential source of drinking, 
agricultural, and industrial supply. Water-quality objectives and 
numerical standards apply to residual soil contamination in specific 
areas that may impact the beneficial use of groundwater in the future.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Central Valley Regional Water Quality Control Board Basin 
Plan, Chapter lll 

Requires that groundwater not contain chemical constituents in concentrations that exceed 
beneficial uses. At a minimum, groundwater designated for use as “MUN” shall not contain 
chemical constituents in excess of the MCLs specified in Title 22. To protect all beneficial 
uses, the Regional Water Board may apply limits more stringent than the MCLs. 
Groundwater shall be maintained free of toxic substances in concentrations that produce 
detrimental physiological response in human, plant, animal, or aquatic life associated with 
designated beneficial uses. Groundwater shall not contain taste- or odor-producing 
substances in concentrations that cause nuisance or adversely affect beneficial uses.a 

Applies to areas where residual soil contamination may impact the 
beneficial use of groundwater in the future. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 
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Requirement/Authority Description Applicability Area ARAR Category 

Policies and Procedures for Investigation, Cleanup and 
Abatement of Discharges under Water Code Section 13304, 
State Water Resources Control Board Resolution No. 92-49 
Paragraph lll G 

The “Policy for Investigation and Cleanup of Contaminated Sites” establishes and describes 
policy for investigation and remediation of contaminated sites. Also includes implementation 
actions for setting groundwater and soil cleanup levels. Cleanup levels for soils should be 
equal to levels that would achieve background concentrations in groundwater unless such 
levels are technically and economically infeasible to achieve. In such cases, soil cleanup 
levels are such that groundwater will not exceed applicable groundwater quality objectives. 

Applies to areas where residual soil contamination may impact the 
beneficial use of groundwater in the future.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Relevant and 
Appropriateb 

Statement of Policy with Respect to Maintaining High Quality 
Waters in California, State Water Resources Control Board 
Resolution No. 68-16 (Anti-Degradation Policy) 

Requires that high-quality surface and groundwater be maintained to the maximum extent 
possible. Degradation of waters will be allowed (or allowed to remain) only if it is consistent 
with the maximum benefit to the people of the state, does not unreasonably affect present 
and anticipated beneficial uses, and does not result in water quality less than that prescribed 
in CRWQCB and SWRCB policies, as defined by the substantive requirements. If 
degradation is allowed, the discharge must meet best practicable treatment or control, which 
must prevent pollution or nuisance and result in the highest water quality consistent with 
maximum benefit to the people of the state. 

Applies to areas where residual soil contamination may impact the 
beneficial use of groundwater in the future.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Sources of Drinking Water Policy, State Water Resources 
Control Board Resolution No. 88-63 

Applies in determining beneficial uses for water that may be affected by discharges of waste. 
SWRCB Resolution 88-63 applies to all sites that may be affected by discharges of waste to 
groundwater or surface water. The resolution specifies that, with certain exceptions, all 
groundwater and surface water have the beneficial use of municipal use or domestic supply. 
Consequently, California primary MCLs are relevant and appropriate; however, the most 
stringent federal or state standard will be the ARAR. 

Applies to areas where residual soil contamination may impact the 
beneficial use of groundwater in the future. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

 

Applicable 

The Safe Drinking Water and Toxic Enforcement Act of 1986 
(Proposition 65) Division 20 of the California Health and 
Safety Code 

Proposition 65 prohibits the discharge of a significant amount of a known human carcinogen 
or reproductive toxin into any source of drinking water. Title 22 CCR Section 12000 et seq. 
lists chemicals subject to the discharge prohibition and regulatory levels, defining a 
significant amount for many of these chemicals. 

Applies where residual formaldehyde (DSS 3), mercury, and hexavalent 
chromium (Dry Wells A–E) and selenium (DSS 4) will remain in the soil 
and have potential to impact groundwater. Also applies to all areas 
where radionuclides remain in the soil (Dry Wells A–E, Ra/Sr Treatment 
Systems, and SWT).  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 
 

The Safe Drinking Water and Toxic Enforcement Act 
(California Health & Safety Code 25249.5–25249.13)  
Title 22 CCR, Sections 64431–64445 

Title 22 CCR Sections 64431–64445 provides primary MCLs that must be met by all public 
drinking water systems to which they apply. MCLs are to be used as a reference for defining 
acceptable residual levels of site contaminants with potential to impact groundwater in areas 
of the site where migration of contaminants from soil to groundwater has occurred or 
may occur.  

Groundwater beneath the Site is identified by the State of California as a 
potential source of drinking water. Although there is no public water 
supply system at the Site, contaminants released at the Site may impact 
the beneficial use of underlying groundwater; therefore, this requirement 
is relevant and appropriate for total chromium for which the California 
MCL is more stringent that the federal MCL in areas where total 
chromium soil contamination may impact groundwater quality. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Relevant and 
Appropriate 

California Civil Code section 1471, and Health and Safety 
Code section 25222.1 

Requires that land-use covenants, restrictions, and conditions subject to which a property 
and relevant portions shall be improved, held, used, occupied, leased, sold, hypothecated, 
encumbered, and/or conveyed be followed. Runs with the land and Civil Code section 1471. 

Applies to any areas where residual contamination requires the 
restriction of land use. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Title 27 CCR, Division 2, Subdivision 1, Section 20080 et 
seq. and Title 23 CCR, Division 3, Chapter 15, Section 2510 
et seq. 

Establishes waste and siting classification systems and minimum waste-management 
standards for discharges of waste to land for treatment, storage, or disposal. Engineered 
alternatives that are consistent with Title 27 and Title 23 CCR performance goals may be 
considered. Establishes corrective action requirements for responding to leaks and other 
unauthorized discharges. Applies to all discharges of waste to land for treatment, storage, or 
disposal that may affect water quality.  

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 23 CCR, Sections 2520 and 2521 
Requires that hazardous waste be discharged to Class I waste-management units that meet 
certain design and monitoring standards. Applies to discharges of hazardous waste to land 
for treatment, storage, and disposal. 

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Title 27 CCR, Sections 20200 (c) and 20210 
Requires that designated waste be discharged to Class I or Class II waste-management 
units. Applies to discharges of designated waste (nonhazardous waste that could cause 
degradation of surface or groundwater) to land for treatment, storage, or disposal. 

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 
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Requirement/Authority Description Applicability Area ARAR Category 

Title 27 CCR, Section 20230 Requires that inert waste does not need to be discharged at classified units. Applies to 
discharges of inert waste to land for treatment, storage, or disposal. 

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Sections 20200 (c) and 20220 
Requires that nonhazardous solid waste be discharged to a classified waste-management 
unit. Applies to discharges of nonhazardous solid waste to land for treatment, storage, 
or disposal. 

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Title 27 CCR, Section 20080 (g) and Title 23 CCR, 
Section 2510 (g) 

Requires monitoring of land where discharges had ceased as of November 27, 1984. If water 
quality is threatened, corrective action consistent with Title 27 and Title 23 is required.  

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20385 and Title 23 CCR, 
Section 2550.1 

Requires detection monitoring for all areas where waste has been discharged to land in 
order to determine the threat to water quality. Once a significant release has occurred, 
evaluation or corrective action monitoring is required.  

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20390 and Title 23 CCR 
Section 2550.2 

Requires the establishment of a water-quality protection standard consisting of a list of 
constituents of concern, concentration limits, compliance monitoring, and all monitoring 
points. Applies to all areas where waste has been discharged to land where groundwater is 
threatened. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20395 and Title 23 CCR, 
Section 2550.3 

Requires the development of a list of constituents of concern, which includes all waste 
constituents that are reasonably expected to be present in the soil from discharges to land 
and could adversely affect water quality. Applies to all areas where waste has been 
discharged to land where groundwater is threatened. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20400 and Title 23 CCR, 
Section 2550.4 

Concentration limits must be established for groundwater, surface water, and the 
unsaturated zone and must be based on background, must be equal to background, or, for 
corrective actions, may be greater than background, not to exceed the lower of the 
applicable water-quality objective or the concentration technologically or economically 
achievable. Specific factors must be considered in setting cleanup standards above 
background levels. If water quality is threatened, this section applies to setting soil cleanup 
levels for the total cleanup of discharges of waste to land. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20405 and Title 23 CCR, 
Section 2550.5 

Requires identification of the point of compliance, hydraulically downgradient from the area 
where waste was discharged to land. Applies to all areas where waste has been discharged 
to land where groundwater is threatened.  

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20410 and Title 23 CCR, 
Section 2550.6 

Requires monitoring of all soil-cleaning activities for compliance with remedial action 
objectives for three years from the date of achieving cleanup levels. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20415 and Title 23 CCR, 
Section 2550.7 

Requires general soil, surface water, and groundwater monitoring for all areas where waste 
has been discharged to land. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20420 and Title 23 CCR, 
Section 2550.8 

Requires detection monitoring to determine if a release has occurred in all areas where 
waste has been discharged to land where groundwater is threatened. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 
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Requirement/Authority Description Applicability Area ARAR Category 

Title 27 CCR, Section 20425 and Title 23 CCR, 
Section 2550.9 

Requires an assessment of the nature and extent of the release, including a determination of 
the spatial distribution and concentration of each constituent. Applies to sites at which 
monitoring results show statistically significant evidence of a release. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27 CCR, Section 20430 and Title 23 CCR, 
Section 2550.10 

Requires the implementation of corrective action measures that ensure that cleanup levels 
are achieved throughout the zone affected by the release by removing the waste constituent 
or treating it in place. Source control may be required. Also requires monitoring to determine 
the effectiveness of the corrective actions. This section applies to all soil cleanup activities if 
water quality is threatened. 

Applies to all locations within the DOE Areas at the Site where residual 
soil contamination may impact water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Relevant and 
Appropriate 

Title 22 CCR Division 4.5, Section 66261.21–33 Provides criteria for identifying and handling hazardous waste. Regulations include soluble 
threshold limit concentration and total threshold limit concentration analytical procedures. 

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

California Health and Safety Code, Division 20, Chapter 6.5, 
Section 25100 et seq. Governs hazardous waste control. 

Applies to waste generated during well installation, groundwater 
monitoring, future development, or maintenance activities involving 
contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Title 22 CCR, Section 66268 et seq. Defines land disposal restrictions establishing specific treatment standards of hazardous 
wastes prior to disposal to land. 

Applies to hazardous waste generated during well installation, 
groundwater monitoring, future development, or maintenance activities 
involving contaminated soil, groundwater, or other material. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Notes: 
a Two policies in Chapter IV of the Basin Plan explain how appropriate cleanup levels are determined: “Policy for Application of Water Quality Objectives” explains how the Regional Water Board applies numerical and narrative water-quality objectives to ensure the 

reasonable protection of beneficial uses of water and how the Regional Water Board applies Resolution No. 68-16 to promote the maintenance of existing high-quality waters; “Policy for Investigation and Cleanup of Contaminated Sites” explains how cleanup levels are 
established for soils and groundwater. 

b CRWQCB disagrees with EPA regarding the characterization of this requirement as relevant and appropriate, but it accepts the ROD notwithstanding. CRWQCB considers the requirements to be applicable. 
 
Abbreviations: 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
CFR  Code of Federal Regulations 
DSS  Domestic Septic System 
DW A–E  Dry Wells A–E 
EDP  Eastern Dog Pens 
OSWER  Office of Solid Waste and Emergency Response 
pCi/g  picocuries per gram 
Ra/Sr  Radium/Strontium Treatment System 
CRWQCB California Regional Water Quality Control Board 
SWRCB  State Water Resources Control Board 
SWT  Southwest Trenches 
UMTRCA Uranium Mill Tailings Radiation Control Act 
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Table B-2. Location-Specific Requirements for the Selected Remedy for the DOE Areas for the LEHR Federal Facility 
 

Requirement/Authority Comments Applicability Area ARAR Category 
Federal 

Endangered Species Act of 1973  
(16 USC § 1536; §1538, 50 CFR 402)  

Facilities or practices shall not cause or contribute to the taking of any 
endangered or threatened species of plants, fish, or wildlife [16 USC 
§1538 (a) (1)]. Activities must be evaluated to determine their impact on 
listed species and species proposed for listing and their habitat [16 
USC §1536(a)]. If jeopardy or adverse modification will result from any 
site activities, a determination will be made based on a consultation 
with the USFWS regarding the need for mitigation measures or an 
incidental take statement (50 CFR § 402.14). Specific mitigation 
measures will be identified and implemented per USFWS guidelines.  

Applies to all field remediation activities, such as well installation and monitoring 
or maintenance activities that may impact listed species. No impacts of any 
endangered or threatened species of plants, fish, or wildlife are associated with 
residual contamination. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Fish and Wildlife Coordination Act  
(16 USC 661–666) 

Requires action to preserve endangered species or threatened species. 
Before any ground-disturbing activities are conducted in areas with 
potential for presence of such species, surveys will be conducted for 
species of concern. 

Applies to all field remediation activities, such as well installation and monitoring 
or maintenance activities that may impact listed species.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

State and Local 

California Endangered Species Act 
(California Fish and Game Code 
§ 2050–2068 and 2080) 

Requires action to preserve endangered species or threatened species. 
Before any ground-disturbing activities are conducted in areas with 
potential for presence of such species, surveys will be conducted for 
species of concern.  

Applies to all field remediation activities, such as well installation and monitoring 
or maintenance activities that may impact listed species. No impacts of any 
endangered or threatened species of plants, fish, or wildlife are associated with 
residual contamination. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Abbreviations: 
CFR  Code of Federal Regulations 
DSS  Domestic Septic System 
DW A–E  Dry Wells A–E 
Ra/Sr  Radium/Strontium Treatment System 
SWT  Southwest Trenches 
USFWS  U.S. Fish and Wildlife Service 
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Table B-3. Action-Specific Requirements for the Selected Remedy for the DOE Areas for the LEHR Federal Facility 
 

Requirement/Authority Description Applicability Area ARAR Category 
Federal 

Clean Water Act § 404  
(33 USC 1344, 33 CFR 328 and 
40 CFR 230) 

Establishes a national program to control the discharge of dredge or fill materials 
into “waters of the United States.” “Waters of the United States” is defined to 
include all tributaries of navigable waters and nearly all wetlands.  

These requirements apply if site remediation activities (well installation and monitoring) cause turbid 
water to enter drainages or if site activities impact wetlands adjacent to Putah Creek.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Pretreatment Standards under 
the Clean Water Act  
(40 CFR Part 403) 

Discharges of treated waste to sanitary sewers may be proposed and would be 
regulated under the pretreatment program of the UC Davis POTW. CRWQCB is 
involved in oversight of the pretreatment program. 

Applies to all areas where discharges to sanitary sewer may occur as part of the monitoring activities.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Transportation of Hazardous 
Material, 49 USC 5101-5127; 
and 49 CFR 172.3 and 172.200–
700 et seq. 

49 USC 5101-5127, and 49 CFR 172.3 and 172.200-700 et seq. regulate 
transportation, including security, of hazardous material in intrastate, interstate, and 
foreign commerce to ensure the safe transportation of such material. 

Applies to any hazardous materials and wastes generated during well installation, well monitoring, or the 
future development and maintenance activities transported off site. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

10 CFR 835 Occupational 
Radiation Protection 

Provides for the protection of radiation workers at DOE facilities. Includes dose 
limits and requirements to reduce the dose to levels that are ALARA.  

Applies to areas where residual radioactive contamination may be excavated. 
 

Ra/Sr 
DW A–E 

SWT 
Applicable 

Noise Control Act of 1972, as 
amended by the Quiet 
Communities Act of 1978 
(40 CFR 204, 205, 211) 

Construction and transportation equipment noise levels (e.g., portable air 
compressors, medium and heavy trucks), process equipment noise levels, and 
noise levels at the property boundaries of the project are regulated under this act. 
State or local agencies typically enforce these levels. 

Applies to all areas where noise may occur during the installation of monitoring wells and groundwater 
sampling. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Licensing Requirements for Land 
Disposal of Radioactive Waste 
(10 CFR 61) 

Establishes requirements for radiation protection, access restrictions, future 
impacts, siting, drainage, final cover, buffer zones, groundwater monitoring, and 
waste disposal requirements. 

Applies to all areas where radionuclides may remain at levels above natural background.  

Ra/Sr 
DW A–E 

SWT 
EDP 

Relevant and 
Appropriate 

State and Local 

State Water Resources Control 
Board Resolution No. 92-49 
(as amended April 21, 1994) 

Establishes requirements for the investigation, cleanup, and abatement of 
discharges. Among other requirements, dischargers must clean up and abate the 
effects of discharges in a manner that promotes the attainment of either 
background water quality or the best water quality that is reasonable if background 
water quality cannot be restored. Requires the application of Title 23, CCR, 
Section 2550.4 requirements for cleanups. 

Applies to all locations within the DOE Areas at the Site where residual soil contamination may impact 
water quality.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Relevant and 
Appropriatea 

Yolo-Solano Air Quality 
Management District Rules and 
Regulations, Rule 2.3, 
Ringlemann Chart 

Establishes a permissible limit on visible dust emissions (Ringlemann Chart).  Applies to all areas where dust emissions may be generated during well installation, monitoring, future 
development, or maintenance activities.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Prohibited Acts, California Health 
and Safety Code § 41700 

Prevents discharge of pollutants into the air that will cause injury, detriment, 
nuisance, or annoyance to any considerable number of persons or the public.  

Applies to all areas where dust emissions may be generated during well installation, monitoring, future 
development, or maintenance activities. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Control of Radioactive 
Contamination in the 
Environment (California Health 
and Safety Code,  
§ 114705, et seq.) 

Establishes state surveillance and control programs for activities that could lead to 
the introduction of radioactive materials into the environment. This statute 
specifically exempts DOE from state surveillance of the storage, packaging, 
transportation, and loading of radioactive materials. 

Applies to well installation, monitoring, future development, or maintenance activities if radioactive 
materials are present at levels that could result in a significant release to the environment. If these 
conditions are encountered, state surveillance, monitoring, or other controls may be required to ensure 
that there are no significant releases of radioactive materials to the environment. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Radiation Control Law (California 
Health and Safety Code, 
§ 114960, et seq.) 

Institutes and maintains a regulatory program for sources of ionizing radiation to 
provide for compatibility with standards and regulatory programs of the federal 
government and an integrated system within the state. Applicable unless activity is 
governed by DOE statutory authority.  

Applies to all actions that would leave radionuclides in place at levels above natural background and to 
actions such as well installation, monitoring, future development, or maintenance activities, where low-
level radioactive waste may be removed and disposed off-site.  
Under Section 114985 of the California Health and Safety Code, the Radiation Control Law applies to 
persons, defined to exclude DOE or any successor thereto, and federal government agencies licensed 
by the U.S. Nuclear Regulatory Commission, under prime contract to DOE, or any successor thereto. 
Hence, the portions of the Radiation Control Law (California Health and Safety Code, § 114960, et seq.) 
addressing the management of low-level radioactive waste within California would be considered as 
relevant and appropriate for offsite disposal of low-level radioactive waste.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Relevant and 
Appropriate 
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Requirement/Authority Description Applicability Area ARAR Category 

State Department of Health 
Service Radiation Regulations 
(17 CCR, Chapter 5, 
Subchapter 4 § 30100, et seq.) 

Presents regulations of the Department of Health Services pertaining to radiation, 
such as standards for protection against radiation, low-level radioactive waste 
disposal, and transportation regulations. Applicable unless activity is governed by 
DOE statutory authority or regulation. 

Applies to all areas where radionuclides may remain at levels above natural background. Also applies to 
all areas where waste containing radionuclides above natural background may be generated during well 
installation, monitoring, future development, or maintenance activities. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Relevant and 
Appropriate 

Executive Order D-62-02 by the 
Governor of the State of 
California 

Restricts the disposal of decommissioned waste in Class III landfills and 
unclassified waste management units, as described in 27 CCR, Sections 20260 
and 20230. 

Applies to all areas where waste containing radionuclides above background may be generated during 
well installation, monitoring, future development, or maintenance activities. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

To Be Considered 

The Toxic Injection Well Control 
Act of 1985, California Health 
and Safety Code 25159.10 

The Toxic Injection Well Control Act of 1985 prohibits underground injection of 
hazardous waste. Hazardous waste is defined as any waste specified as 
hazardous waste or extremely hazardous waste, as defined in Chapter 6.5, 
“Hazardous Waste Control,” of the California Health and Safety Code, and any 
waste mixture formed by mixing any waste or substance with a hazardous waste.  

Applies where hazardous waste may be generated during well installation, monitoring, future 
development, or maintenance activities. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Title 22 CCR, 66262 et seq. Presents standards applicable to generators of hazardous waste, including waste 
characterization, manifest, and transportation requirements. 

Applies where hazardous waste may be generated during well installation, monitoring, future 
development, or maintenance activities. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EPD 

Applicable 

Title 22 CCR, Division 4.5, 
Chapter 39, Section 
67391.1(a)(1) and (2), (d), (e)(1) 
and (2) 

Provides requirements for land-use covenants. Applies to all areas where residual contamination requires additional controls based on land use.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 
EDP 

Applicable 

Title 27, CCR, Section 20090(d) 
and Title 23 CCR, 
Section 2511(d) 

Requires that remedial actions intended to contain wastes at the place of release 
shall implement applicable provisions of Title 27 Division 2 and Title 23 Chapter 15, 
to the extent feasible. 

Applies to all areas where residual contamination requires remediation or monitoring. 

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Title 27, CCR, Sections 
20950(a)(1) and (a)(2)(A)2 

Groundwater monitoring shall continue until such time as the wastes in the soil no 
longer constitute a potential threat to water quality.  

Groundwater beneath and downgradient of each closed unit shall be monitored until DOE demonstrates 
and the regulatory agencies concur that the waste in that unit no longer poses a threat to groundwater 
quality. DOE can evaluate if the wastes no longer threaten water quality in its first five-year review.  

Ra/Sr 
DSS 3 
DSS 4 

DW A–E 
SWT 

Applicable 

Notes: 
a CRWQCB disagrees with EPA regarding the characterization of this requirement as relevant and appropriate, but it accepts the ROD notwithstanding. CRWQCB considers the requirements to be applicable. 
The California Environmental Quality Act was listed as an ARAR in the Feasibility Study, but it has been determined as functionally addressed by the CERCLA process, and therefore, it is not required to be listed as a separate ARAR.  
 
Abbreviations: 
ALARA As low as reasonably achievable POTW publicly owned treatment works  
CFR Code of Federal Regulations Ra/Sr Radium/Strontium Treatment System  
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980 SWT Southwest Trenches 
CEQA California Environmental Quality Act UC Davis University of California, Davis 
DOE U.S. Department of Energy   
DSS Domestic Septic System   
DW A–E Dry Wells A–E   
EDPs Eastern Dog Pens   
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C1.0 Monitoring Data Trend Analysis 
  
As specified in the Remedial Design/Remedial Action Work Plan (RD/RAWP) (DOE 2010), 
groundwater monitoring data for the U.S. Department of Energy (DOE) Areas of the Laboratory 
for Energy-Related Health Research (LEHR) are evaluated annually by conducting trend 
analyses and comparing results to background and baseline levels for well-specific constituents 
identified in the RD/RAWP. The results of these evaluations are presented in the LEHR Annual 
Water Monitoring Reports.  
 
The first annual water-monitoring program was conducted in 2011 and followed the sampling 
protocol outlined in the RD/RAWP (DOE 2010). On the basis of these results, the sampling 
program was refined and the 2012–2013 annual sampling program was developed and approved 
by the regulatory agencies (Weiss 2013). Based on results from the 2012–2013 sampling results, 
the Draft 2014–2016 Multi-Year Sampling Plan was developed (Weiss 2014) and has been 
reviewed by the regulatory agencies. Attachment C-1 provides summaries of the sampling 
programs for 2011–2016.  
 
For this Five-Year review, a comprehensive trend analysis of data collected between 2011 and 
2015 was conducted for each well-specific constituent identified in the RD/RAWP to determine if 
any constituents have increasing concentrations or can be removed from the monitoring program 
or monitored less frequently (DOE 2010). This comprehensive trend analysis is in addition to the 
data analysis conducted annually. For the annual process, trend tests are only conducted when a 
well-specific constituent is above its relevant criteria (background or baseline). For the Five-Year 
Review evaluation, trend analysis was conducted for all well-specific constituents regardless of 
whether they were above or below their relevant criteria. Figure C-1 shows the evaluation process 
used for the Five-Year Review.  
 
To evaluate concentration trends, the Mann-Kendall trend test was conducted in accordance with 
the U.S. Environmental Protection Agency (EPA) guidance Data Quality Assessment: Statistical 
Methods for Practitioners (EPA 2006). The decision error (alpha significance level) used in the 
test was 1 percent, indicating a 1 percent chance the statistical test will conclude that the data 
represents a trend when they do not. Data trends were also evaluated visually using best 
professional judgment. As described further below, well-specific constituents that show no trend 
or a decreasing trend using these evaluation methods are proposed for biennial monitoring for the 
next five-year period. The visual trend assessment was only used to determine monitoring 
frequency in cases where the Mann-Kendall trend test indicated no trend but an upward trend was 
noted visually, as was the case with nitrate in well UCD1-069. In this case, the visual assessment 
was taken into consideration and the proposed monitoring frequency is maintained at annual. 
 
Results of this data analysis are summarized below and presented in Tables C-1, C-2, and C-3. 
Graphs are provided in Attachment C-2, Mann-Kendall trend test results are provided in 
Attachment C-3, and comparisons of baseline concentrations with background and water-quality 
criteria are presented in Attachment C-4. After this evaluation, a proposed monitoring plan for 
2017 through 2020 (the end of the next Five-Year Review period) was developed and is 
presented in Table C-4. As specified in the RD/RAWP (DOE 2010), the monitoring frequency 
for constituents of concern (COCs) that are below background levels or not detected for 5 years 
is reduced from annual to biennial. Most other COCs, monitoring-only constituents (MOCs), and 
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new well constituents (NWCs) are also proposed for biennial monitoring based on (1) all or most 
concentrations being at or below background and/or baseline levels, (2) detections above 
background/baseline being not significantly above these criteria given analytical uncertainty, 
(3) no concentration trend over time, and (4) a baseline value below the maximum contaminant 
level (MCL; or other water-quality criterion [WQC] for constituents without an MCL) or 
at/below the background level.  
 

 
 

Figure C-1. Five-Year Review Monitoring Decision Process
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Table C-1. DOE Constituents of Concern Five-Year Summary and Comparison to Background and Baseline, 
Laboratory for Energy-Related Health Research/Old Campus Landfill, University of California, Davis

 

Monitoring  
Well Constituent Five-Year Comparison of Results 

with Baseline/Backgrounda 

Five-Year Trend Analysis Baseline 
Below WQC 

or 
Background?b 

Proposed 
Monitoring 
Frequency 

Mann-Kendall 
Test Result 

Visual Test 
Result 

Baseline Historically Above Background 
UCD1-021 Nitrate as N 2 most recent of 9 above Baseline No trendc No trendd No Annual 

UCD1-023 Carbon-14 All at or below Baseline No trendc Decreasing trendd  Yes Biennialg 

UCD1-054 Mercury All at or below Baseline NAe NAe Yes Biennial 

UCD1-068 Selenium 12 of 14 below Baseline (4 of 14 below Background) No trendc No trendd Yes Biennialh 

UCD1-070 Carbon-14 10 of 11 below Baseline (4 of 11 below Background) No trendc No trendd Yes Biennialh 

UCD1-071 Chromium All at or below Baseline (7 of 9 below Background) No trendc No trendd No Annual 

UCD1-071 Chromium (hexavalent) All at or below Baseline (6 of 11 below Background) No trendc No trendd No Annual 

UCD1-071 Mercury All at or below Baseline NAf NAf Yes Biennial 

UCD1-071 Molybdenum All at or below Baseline (8 of 9 below Background) No trendc No trendd Yes Biennial 

UCD1-072 Nitrate as N All at or below Baseline No trendc No trendd No Annual 

Baseline Historically at or Below Background or not Detected 
UCD1-021 Carbon-14 All at or below Background/Baseline NAf No trendd Yes Biennial 

UCD1-021 Radium-226 All at or below Background 
 (3 most recent of 9 above Baseline) No trendc No trendd Yes Annual 

UCD1-023 Nitrate as N All at or below Background/Baseline No trendc No trendd Yes Biennial 

UCD1-054 Cesium-137 All at or below Background/Baseline NAf NAf Yes Biennial 

UCD1-054 Chromium All at or below Background/Baseline No trendc No trendd Yes Biennial 

UCD1-054 Chromium (hexavalent) All at or below Background/Baseline No trendc No trendd Yes Biennial 

UCD1-054 Molybdenum All at or below Background/Baseline No trendc No trendd Yes Biennial 

UCD1-054 Silver All at or below Background/Baseline NAf NAf Yes Biennial 

UCD1-054 Strontium-90 All at or below Background/Baseline NAf NAf Yes Biennial 

UCD1-068 Carbon-14 All at or below Background/Baseline NAe No trendd Yes Biennial 



 
 

Table C-1 (continued). DOE Constituents of Concern Five-Year Summary and Comparison to Background and Baseline, 
Laboratory for Energy-Related Health Research/Old Campus Landfill, University of California, Davis 
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Monitoring  
Well Constituent Five-Year Comparison of Results 

with Baseline/Backgrounda 

Five-Year Trend Analysis Baseline 
Below WQC 

or 
Background?b 

Proposed 
Monitoring 
Frequency 

Mann-Kendall 
Test Result 

Visual Test 
Result 

UCD1-068 Nitrate as N All at or below Background/Baseline No trendc No trendd Yes Biennial 

UCD1-068 Radium-226 All at or below Background 
(3 of 12 above Baseline) No trendc No trendd Yes Biennial 

UCD1-069 Formaldehyde All at or below Background/Baseline NAe No trendd Yes Biennial 

UCD1-069 Molybdenum All at or below Background/Baseline No trendc No trendd Yes Biennial 

UCD1-069 Nitrate as N All at or below Background, 
most recent 3 of 9 above Baseline No trendc Increasing trendd  Yes Annual 

UCD1-070 Nitrate as N All at or below Background/Baseline No trendc No trendd Yes Biennial 

UCD1-071 Cesium-137 All at or below Background/Baseline NAf NAf Yes Biennial 

UCD1-071 Silver All at or below Background/Baseline NAf NAf Yes Biennial 

UCD1-071 Strontium-90 All at or below Background/Baseline NAf NAf Yes Biennial 

UCD1-072 Carbon-14 All at or below Background/Baseline NAf NAf Yes Biennial 

UCD1-072 Radium-226 All at or below Background, 
 2 of 11 at or above Baseline No trendc No trendd Yes Biennialh 

Notes: 
a Data from 2011 through 2015; monitoring results compared to baseline when baseline is above background. 
b "No" indicates that baseline level is either below the WQC or, if above the WQC, is at or below the background level. WQC is primary Maximum Contaminant Level 
   (MCL) or, if none established, either the secondary MCL, California Notification Level, or EPA Regional Screening Level. See Attachment C-4.  
c Insufficient evidence to identify a significant trend at 1% significance level (DOE 2010). 
d Time series plots were prepared and inspected for visual evidence of trends. 
e Analyte not detected with sufficient frequently to provide reliable trend test result; trace concentration detected in two or fewer samples. 
f Analyte not detected in samples collected from well; trend test is not applicable. 
g Once every 2 years. 
h Will be maintained at annual frequency if 2016 result exceeds baseline. 
 
Abbreviations: 
NA = not applicable to the comparison 
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Table C-2. DOE Monitoring-Only Constituents Five-Year Summary and Comparison to Background and Baseline 
Laboratory for Energy-Related Health Research/Old Campus Landfill, University of California, Davis 

 

Monitoring  
Well Constituent Five-Year Comparison of Results 

with Baseline/Backgrounda 

Five-Year Trend Analysis Baseline 
Below WQC or 
Background?b 

Proposed 
Monitoring 
Frequency 

Mann-Kendall 
Test Result 

Visual Test 
Result 

Baseline Historically Above Background 
UCD1-069 Aluminum All at or below Baseline No trendc No trendd No Annual 
UCD1-070 Zinc All at or below Baseline No trendc No trendd Yes Biennialg 
UCD1-071 Aluminum All at or below Baseline NAe No trendd Yes Biennial 
UCD1-072 Aluminum All at or below Baseline No trendc No trendd Yes Biennial 
Baseline Historically at or Below Background or not Detected 
UCD1-013 Chlordane All at or below Background/Baseline NAf NAf No Annual 
UCD1-013 Dieldrin All at or below Background/Baseline NAf NAf No Annual 
UCD1-021 Aluminum All at or below Background/Baseline NAe NAe Yes Biennial 
UCD1-021 Americium-241 All at or below Background/Baseline NAf NAf Yes Biennial 
UCD1-023 Mercury All at or below Background/Baseline NAf NAf Yes Biennial 
UCD1-023 Zinc All at or below Background/Baseline No trendc No trendd Yes Biennial 
UCD1-068 Aluminum All at or below Background/Baseline NAe NAe Yes Biennial 
UCD1-068 Americium-241 All at or below Background/Baseline NAf NAf Yes Biennial 
UCD1-068 Chromium 6 of 7 below Background, 5 of 7 below Baseline No trendc No trendd Yes Biennialh 
UCD1-068 Nickel All at or below Background/Baseline No trendc No trendd Yes Biennial 
UCD1-069 Silver All at or below Background/Baseline NAf NAf Yes Biennial 
UCD1-070 Mercury All at or below Background/Baseline NAf NAf Yes Biennial 
UCD1-072 Americium-241 All at or below Background/Baseline NAf NAf Yes Biennial 

Notes: 
a Data from 2011 through 2015; monitoring results compared to baseline when baseline is above background. 
b "No" indicates that baseline level is either below the WQC or, if above the WQC, is at or below the background level. WQC is primary Maximum Contaminant Level 
   (MCL) or, if none established, either the secondary MCL, California Notification Level, or EPA Regional Screening Level. See Attachment C-4.  
c Insufficient evidence to identify a significant trend at 1% significance level (DOE 2010). 
d Time series plots were prepared and inspected for visual evidence of trends. 
e Analyte not detected with sufficient frequently to provide reliable trend test result; trace concentration detected in two or fewer samples. 
f Analyte not detected in samples collected from well; trend test is not applicable. 
g Once every 2 years. 
h Will be maintained at annual frequency if 2016 result exceeds baseline. 
 
Abbreviations: 
NA = not applicable to the comparison 
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Table C-3. DOE New Well Constituents Five-Year Summary and Comparison to Background and Baseline, 
Laboratory for Energy-Related Health Research/Old Campus Landfill, University of California, Davis 

 

Monitoring  
Well Constituent Five-Year Comparison of Results 

with Baseline/Backgrounda 

Five-Year Trend Analysis Baseline 
Below WQC or 
Background?b 

Proposed 
Monitoring 
Frequency 

Mann-Kendall 
Test Result 

Visual Test 
Result 

Baseline Historically Above Background 

UCD1-068 Gross beta All at or below Baseline 
(5 of 10 below Background) Decreasing trend Deceasing trendd No Annual 

UCD1-068 Chloroform All at or below Baseline No trendc No trendd Yes Biennialg 

UCD1-068 Chromium (hexavalent) 8 of 9 below Baseline 
(6 of 9 below Background) No trendc No trendd No Annual 

UCD1-068 Formaldehyde All at or below Baseline NAd NAe Yes Biennial 

UCD1-068 Uranium-238 All at or below Baseline 
(3 of 9 below Background) No trendc No trendd Yes Biennial 

UCD1-069 1,1-Dichloroethane All at or below Baseline NAd NAe Yes Biennial 

UCD1-069 Gross Beta All at or below Baseline 
(4 of 8 below Background) No trendb No trendd No Annual 

UCD1-069 Carbon-14 5 of 7 below Baseline No trendb No trendd Yes Biennialh 
UCD1-069 Chloroform All at or below Baseline NAd NAe Yes Biennial 

UCD1-069 Iron All at or below Baseline 
(all but 1st sample of 7 below Background) No trendc No trendd No Annual 

UCD1-069 Manganese All at or below Baseline 
(all but 1st sample of 7 below Background) No trendc NAe or NAf Yes Biennial 

UCD1-069 Uranium-238 6 of 8 below Baseline 
(1 of 8 below Background) No trendc No trendd Yes Biennialh 

UCD1-070 Gross beta All at or below Baseline 
(8 of 9 below Background) No trendc No trendd No Annual 

UCD1-070 Uranium-238 All at or below Baseline 
(2 of 8 below Background) No trendc No trendd Yes Biennial 

UCD1-071 Benzene All at or below Baseline NAd NAe Yes Biennial 

UCD1-071 Gross beta 8 of 9 at or below Baseline 
(3 of 9 below Background) No trendc No trendd No Annual 

UCD1-071 Manganese All at or below Baseline 
(all but 1st sample of 7 below Background) No trendc Deceasing trendd Yes Biennial 

UCD1-071 Uranium-238 All at or below Baseline No trend c No trendd Yes Biennial 



Table C-3 (continued). DOE New Well Constituents Five-Year Summary and Comparison to Background and Baseline, 
Laboratory for Energy-Related Health Research/Old Campus Landfill, University of California, Davis 
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Monitoring  
Well Constituent Five-Year Comparison of Results 

with Baseline/Backgrounda 

Five-Year Trend Analysis Baseline 
Below WQC or 
Background?b 

Proposed 
Monitoring 
Frequency 

Mann-Kendall 
Test Result 

Visual Test 
Result 

Baseline Historically Above Background 

UCD1-072 Gross beta All at or below Baseline 
(6 of 9 below Background) No trendc No trendd No Annual 

UCD1-072 Chloroform 4 of 7 below Baseline, most recent 3 above Increasing trend Increasing trendd Yes Annual 
UCD1-072 Chromium All at or below Baseline No trendc No trendd No Annual 
UCD1-072 Chromium (hexavalent) 7 of 8 below Baseline, most recent above No trendc No trendd No Annual 
UCD1-072 Formaldehyde All at or below Baseline NAd No trendd Yes Biennial 

UCD1-072 Uranium-238 7 of 9 below Baseline 
(3 of 9 below Background) No trendc No trendd Yes Biennialh 

Notes: 
a Data from 2011 through 2015; monitoring results compared to baseline when baseline is above background. 
b "No" indicates that baseline level is either below the WQC or, if above the WQC, is at or below the background level. WQC is primary Maximum Contaminant Level 
   (MCL) or, if none established, either the secondary MCL, California Notification Level, or EPA Regional Screening Level. See Attachment C-4.  
c Insufficient evidence to identify a significant trend at 1% significance level (DOE 2010). 
d Time series plots were prepared and inspected for visual evidence of trends. 
e Analyte not detected with sufficient frequently to provide reliable trend test result; trace concentration detected in two or fewer samples. 
f Analyte not detected in samples collected from well; trend test is not applicable. 
g Once every 2 years. 
h Will be maintained at annual frequency if 2016 result exceeds baseline. 
 
Abbreviations: 
NA = not applicable to the comparison 
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Table C-4. 2017–2020 DOE Sampling Plan, Laboratory for Energy-Related Health Research/Old Campus Landfill, University of California, Davis 
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UCD1-013               A       A                           
UCD1-021  B B   B             A A      
UCD1-023      B          B   B      B 
UCD1-054       D   B B     B B     B B   
UCD1-068  B B  A B   B A Ba  B     B B B Ba   B  
UCD1-069 B A   A Ba   B    B A B  B  A   B  Ba  
UCD1-070     A Ba          B   B     B B 
UCD1-071  B  B A  D   A A    B B B     B B B  
UCD1-072   B B   A B     A A A   B           A Ba       Ba   

Notes: 
  monitoring-only constituent 
  new well constituent 
  constituent of concern 
a Maintain at annual frequency if 2016 sample exceeds baseline 
Abbreviations: 
A = annual  
B = biennial (once every 2 years, to be sampled in 2018 and 2020)  
D = discontinued (based on updated background and groundwater impact evaluation (see Appendix F) 
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C1.1 DOE Constituents of Concern Analysis 
 
The Five-Year COC data and trend analyses are summarized in Table C-1. The RD/RAWP 
(DOE 2010) specifies which COCs are to be monitored in each well, with a total of 31 well-
specific COCs identified. Of these, 10 well-specific COCs have historical baseline 
concentrations above background and 21 well-specific COCs have historical baseline 
concentrations below or the same as background. These two types of COCs were evaluated 
separately and are discussed below. 
 
C1.1.2 Well-Specific COCs with Baseline Above Background  
 
Trend analyses were performed for each well-specific COC with baseline above background to 
determine if a significant increase in concentration has occurred. As shown in Table C-1, most 
results were at or below baseline levels and the trend analyses indicate no increasing trends. On 
the basis of visual inspection, the concentration of carbon-14 in well UCD1-023 appears to be 
decreasing; however, the Mann-Kendall test did not indicate this trend. On the basis of non-
increasing or decreasing trends and baseline below MCL or other WQC, carbon-14 in 
wells UCD1-023 and UCD1-070, mercury in wells UCD1-054 and UCD1-071, selenium in 
well UCD1-068, and molybdenum in well UCD1-071 are proposed for biennial (once every 
2 years) monitoring starting in 2017 (Tables C-1 and C-4). ). Because selenium in  
well UCD1-068 and carbon-14 in well UCD1-070 have had one or more result above baseline in 
the five-year period, these well-specific COCs will be maintained at an annual frequency if the 
2016 results are above baseline. 
 
The two most recent nitrate results for well UCD1-021 were above baseline, but no increasing 
trend was indicated. Based on these results, continued annual monitoring through 2020 is 
proposed for nitrate in well UCD1-021. Continued annual monitoring is also proposed for nitrate 
in well UCD1-072 and chromium (both total and hexavalent) in well UCD1-071 because the 
baseline concentrations for these well-specific COCs are above both MCLs and background 
concentrations.  
 
C1.1.3 Well-Specific COCs with Baseline at or Below Background or Not Detected 
 
Monitoring data for well-specific COCs having baseline concentrations at or below background 
(or not detected) were compared to background, and trend analyses were performed to determine 
if any significant increases occurred. As shown in Table C-1, most results were below or the 
same as background. Additionally, no upward trend for 20 of these COCs was identified. 
However, the visual test for nitrate in well UCD1-069 suggested an increasing trend, although 
the Mann-Kendall test did not support the visual test result. From an evaluation of these results, 
continued annual monitoring through 2020 is currently planned for nitrate in well UCD1-069; 
however, quarterly sampling may be proposed based on future results.  
 
Although no trend is indicated, recent results for radium-226 (Ra-226) in well UCD1-021 have 
been above baseline levels; as such, continued annual monitoring is proposed for this well-
specific COC. Ra-226 was also reported above background and baseline in one result from well 
UCD1-068 in 2014 (see plot in Attachment C-2), but the laboratory reported unusually high 
analysis error (±0.816 picocurie per liter [pCi/L]; previously reported error was less than 
±0.4 pCi/L). The laboratory reanalyzed the sample using a longer counting time and obtained a 
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more accurate result (0.199 ± 0.297 pCi/L) below baseline (0.324 pCi/L) and well below 
background (1.17 pCi/L). Ra-226 has been below background throughout its monitoring history 
in well UCD1-068 and is currently below baseline; as such, biennial monitoring is proposed. 
Ra-226 in well UCD1-072 was reported slightly above baseline in one recent sample. If the 2016 
result is also above baseline, monitoring for this well-specific COC will be maintained at the 
annual schedule; otherwise, monitoring will be biennial. 
 
Several formaldehyde results for well UCD1-069 were above background and baseline (see plot 
in Attachment C-2), but these results were qualified “UJ” (nondetect) by the data validation 
chemist because the concentrations were due to laboratory contamination. Formaldehyde is a 
common laboratory contaminant that off-gasses from many building materials. Based on this, 
biennial monitoring is proposed for formaldehyde in well UCD1-069. Biennial monitoring is 
also proposed to start in 2017 for all other well-specific COCs with baseline below background 
(Tables C-1 and C-4). 
 
C1.2 DOE Monitoring-Only Constituents Analysis 
 
Four well-specific MOCs have historical baseline concentrations above background, and 
13 well-specific MOCs have baseline concentrations below or the same as background  
(Table C-2). The well-specific MOCs that were historically above-background had 
concentrations consistently at or below baseline during the five-year review period; trend 
analyses showed no concentration trends. With the exception of aluminum in well UCD1-069, 
these well-specific MOCs are proposed for biennial monitoring starting in 2017 (Table C-4). 
Continued annual monitoring is proposed for aluminum in well UCD1-069 because its baseline 
concentration is above both the MCL and background.  
 
Of the 13 historically below-background well-specific MOCs, 12 have concentrations 
consistently at or below background throughout the five-year review period and show no 
concentration trends. With the exception of chlordane and dieldrin in well UCD1-013, these 
well-specific MOCs are proposed for biennial monitoring starting in 2017 (Table C-4). 
Continued annual monitoring is proposed for chlordane and dieldrin in well UCD1-013 because 
baseline concentrations (which are the laboratory reporting limits) are above both the WQCs and 
background. Chromium in well UCD1-068 had two results above baseline and one result above 
background during the five-year period; however, no trend was indicated. Chromium in 
well UCD1-068 is therefore proposed for biennial monitoring starting in 2017; although if 
2016 results are above baseline, monitoring will be maintained as annual. 
 
As shown on the graphs in Attachment C-2, the 2015 annual results for zinc in well UCD1-023 
(which is one of the 14 well-specific MOCs with baseline below background) and in 
well UCD1-070 (one of the four well-specific MOCs with baseline above background) were 
above baseline by almost a factor of 4 each. Dixon’s outlier test in Pro UCL version 5.0 
(EPA 2015) was used to test these data, and the test results indicated the 2015 zinc data were 
outliers. The cause of the outlier results was not identified during data validation. The samples 
were reanalyzed by the laboratory within holding time, and both reanalysis results were below 
background and baseline. The reanalysis results were not outliers based on Dixon’s test results. 
The original results were assumed incorrect and not used in this evaluation. 
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C1.3 DOE New Well Constituents Analysis 
 
As shown in Table C-3, the baseline concentrations for all 24 well-specific NWCs were above 
background. Of these well-specific NWCs, results for 17 have been consistently at or below 
baseline during the five-year review period. Two of these (gross beta in well UCD1-068 and 
manganese in well UCD1-071) appear to have decreasing concentration trends. Some 
formaldehyde results for wells UCD1-068 and UCD1-072 were above background and baseline 
(see plots in Attachment C-2), but these results were qualified UJ (non-detect) by the data 
validation chemist because the concentrations were due to laboratory contamination. The 
majority of results for the remaining seven well-specific NWCs have also been below baseline 
during the five-year period, and results for six of these seven well-specific NWCs indicate no 
concentration trend. One well-specific NWC, chloroform in well UCD1-072, appears to be 
increasing based on trend analysis and has had concentrations above baseline in the three most 
recent samples. From a review of the criteria in the RD/RAWP (DOE 2010), these results should 
trigger increased frequency to quarterly for chloroform in UCD1-072. However, the 
concentrations detected are all low and close to the reporting limit (1.5 micrograms per liter or 
less compared with the 0.5 microgram per liter reporting limit; see Attachment C-2), and given 
analytic uncertainty do not represent a substantial concentration increase. Therefore, continued 
annual monitoring is currently planned for chloroform in well UCD1-072; however, quarterly 
frequency will be proposed if the increasing trend continues. As shown in Table C-3, continued 
annual monitoring is also proposed for gross beta in four wells, hexavalent chromium in 
well UCD1-068, chromium (both total and hexavalent) in well UCD1-072, and iron in  
well UCD1-069 because the well-specific baseline concentrations are above both the WQCs and 
background levels. Biennial monitoring is proposed for all other NWCs starting in 2017; 
however, for those constituents with one or more result above baseline during the five-year 
period, sampling will be maintained at annual frequency if the 2016 monitoring result also 
exceeds baseline (Tables C-3 and C-4).  
 
C1.4 Summary of Proposed Monitoring Changes 
 
Based on this analysis, no well-specific constituent is recommended for removal from the 
monitoring program, but monitoring for most DOE Area groundwater well-specific constituents 
can be reduced to biennial (Table C-4) and still provide adequate data to evaluate potential 
groundwater impacts. Of the 72 well-specific constituents monitored: 

• Only chloroform in well UCD1-072 shows an increasing trend by both the Mann-Kendall 
and visual tests. Nitrate in well UCD1-069 also appears to be increasing, although the 
Mann-Kendall test does not indicate a trend. These two well-specific constituents will 
remain on an annual monitoring frequency through 2020; monitoring frequency may be 
increased to quarterly if the upward trend continues. 

• Based on recent detections above baseline, nitrate and Ra-226 in well UCD1-021 will be 
maintained on an annual sampling frequency through 2020. 

• Fifteen well-specific constituents with baseline above MCL or other WQC and also above 
background (chlordane and dieldrin in well UCD1-013, gross beta in five wells, hexavalent 
chromium and chromium in wells UCD1-071 and UCD1-072, hexavalent chromium in 
well UCD1-068, nitrate in well UCD1-072, aluminum in well UCD1-069, and iron in 
well UCD1-069) will also be maintained at annual sampling frequency through 2020. 
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• Seven additional well-specific constituents (chromium and selenium in well UCD1-068; 
uranium-238 and carbon-14 in well UCD1-069; carbon-14 in well UCD1-070; and 
uranium-238 and Ra-226 in well UCD1-072) will be maintained at annual monitoring 
frequency only if 2016 results are above baseline; otherwise, frequency will be reduced to 
biennial (Table C-4). 

• The remaining well-specific constituents will be reduced to biennial monitoring for 
2017 through 2020. 

 
Trend analysis for the next Five-Year Review in 2020 will include the following: 

• Testing of all monitoring data collected from 2011 through 2020 at the 1% alpha 
significance level (applicable for n≥5 [Gilbert 1987, Table A18]), and 

• Testing of the Five-Year Review period annually monitored data only (i.e., 2016-2020 data) 
at the 5% alpha significance level (applicable for n≥4 [Gilbert 1987, Table A18]). 

• Visual trend evaluation for both data sets.  
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/1/2015 5:47:46 PM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Nitrate as NUCD1-021

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 20.000000

Maximum 28.000000

Mean 25.000000

Geometric Mean 24.879203

Median 24.000000

Standard Deviation 2.5495098

Mann-Kendall Test

Test Value (S) 15.000000

Tabulated p-value 0.0900000

Standard Deviation of S 9.0737717

Standardized Value of S 1.5429086

Approximate p-value 0.0614265

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/1/2015 5:53:18 PM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Carbon-14UCD1-023

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 11.000000

Maximum 22.100000

Mean 18.266667

Geometric Mean 17.837084

Median 20.300000

Standard Deviation 3.9430318

Mann-Kendall Test

Test Value (S) -20.00000

Tabulated p-value 0.0220000

Standard Deviation of S 9.5916630

Standardized Value of S -1.980887

Approximate p-value 0.0238020

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:09:08 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

SeleniumUCD1-068

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events      12

Number Values Reported (n)      12

Minimum 1.5300000

Maximum 2.6600000

Mean 1.9733333

Geometric Mean 1.9488605

Median 1.9800000

Standard Deviation 0.3276107

Mann-Kendall Test

Test Value (S) 26.000000

Tabulated p-value 0.0430000

Standard Deviation of S 14.583095

Standardized Value of S 1.7143137

Approximate p-value 0.0432356

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.2957525

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.3000000

Standard Deviation of S 11.180340

Standardized Value of S 0.5366563

Standard Deviation 6.3975134

Mann-Kendall Test

Test Value (S) 7.0000000

Mean 12.350000

Geometric Mean 11.005475

Median 10.680000

Number Values Reported (n)      10

Minimum 6.4700000

Maximum 25.200000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events      10

Level of Significance   0.0100000

Carbon-14UCD1-070

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:46:38 AM
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Approximate p-value 0.3010838

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.3060000

Standard Deviation of S 9.5916630

Standardized Value of S -0.521286

Standard Deviation 4.7477480

Mann-Kendall Test

Test Value (S) -6.000000

Mean 41.011111

Geometric Mean 40.771562

Median 40.200000

Number Values Reported (n)       9

Minimum 34.800000

Maximum 49.100000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Level of Significance   0.0100000

ChromiumUCD1-071

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:54:39 AM



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment C-3, Page 6   

 
 

Approximate p-value 0.3191931

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.3240000

Standard Deviation of S 12.767145

Standardized Value of S -0.469956

Standard Deviation 7.0038950

Mann-Kendall Test

Test Value (S) -7.000000

Mean 38.636364

Geometric Mean 37.912841

Median 39.000000

Number Values Reported (n)      11

Minimum 21.000000

Maximum 47.000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events      11

Level of Significance   0.0100000

Chromium (Hexavalent)UCD1-071

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:55:25 AM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:57:56 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

MolybdenumUCD1-071

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 0.8590000

Maximum 3.2900000

Mean 1.4811111

Geometric Mean 1.3717234

Median 1.3000000

Standard Deviation 0.7207818

Mann-Kendall Test

Test Value (S) -16.00000

Tabulated p-value 0.0600000

Standard Deviation of S 9.5916630

Standardized Value of S -1.563858

Approximate p-value 0.0589254

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 12:05:39 PM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Nitrate as NUCD1-072

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 18.000000

Maximum 23.000000

Mean 19.888889

Geometric Mean 19.826384

Median 19.000000

Standard Deviation 1.6914819

Mann-Kendall Test

Test Value (S) -1.000000

Tabulated p-value 0.5400000

Standard Deviation of S 9.1469485

Standardized Value of S     0

Approximate p-value 0.5000000

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/1/2015 5:52:05 PM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Radium-226UCD1-021

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum -0.026400

Maximum 0.9280000

Mean 0.3119556

Geometric Mean     N/A    

Median 0.2550000

Standard Deviation 0.2846512

Mann-Kendall Test

Test Value (S) 8.0000000

Tabulated p-value 0.2380000

Standard Deviation of S 9.5916630

Standardized Value of S 0.7298004

Approximate p-value 0.2327561

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:14:33 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Nitrate as NUCD1-023

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 3.3000000

Maximum 5.1000000

Mean 4.2333333

Geometric Mean 4.1925444

Median 4.5000000

Standard Deviation 0.6123724

Mann-Kendall Test

Test Value (S) 6.0000000

Tabulated p-value 0.3060000

Standard Deviation of S 9.4868330

Standardized Value of S 0.5270463

Approximate p-value 0.2990807

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.2327561

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.2380000

Standard Deviation of S 9.5916630

Standardized Value of S 0.7298004

Standard Deviation 2.3777166

Mann-Kendall Test

Test Value (S) 8.0000000

Mean 9.7811111

Geometric Mean 9.5439372

Median 8.6900000

Number Values Reported (n)       9

Minimum 7.2000000

Maximum 13.600000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Level of Significance   0.0100000

ChromiumUCD1-054

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:17:52 AM
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Approximate p-value 0.2302983

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.2380000

Standard Deviation of S 9.4868330

Standardized Value of S 0.7378648

Standard Deviation 2.6783598

Mann-Kendall Test

Test Value (S) 8.0000000

Mean 8.3611111

Geometric Mean 7.9916999

Median 7.4500000

Number Values Reported (n)       9

Minimum 5.1000000

Maximum 12.000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Level of Significance   0.0100000

Chromium (Hexavalent)UCD1-054

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:18:53 AM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:21:31 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

MolybdenumUCD1-054

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 2.4150000

Maximum 3.1100000

Mean 2.7761111

Geometric Mean 2.7666251

Median 2.8700000

Standard Deviation 0.2399971

Mann-Kendall Test

Test Value (S) 6.0000000

Tabulated p-value 0.3060000

Standard Deviation of S 9.5916630

Standardized Value of S 0.5212860

Approximate p-value 0.3010838

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:02:55 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Nitrate as NUCD1-068

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 6.2000000

Maximum 12.000000

Mean 9.7888889

Geometric Mean 9.6445944

Median 9.9000000

Standard Deviation 1.6578936

Mann-Kendall Test

Test Value (S) 17.000000

Tabulated p-value 0.0600000

Standard Deviation of S 9.5393920

Standardized Value of S 1.6772557

Approximate p-value 0.0467462

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:06:40 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Radium-226UCD1-068

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 0.0505000

Maximum 0.5630000

Mean 0.3135556

Geometric Mean 0.2568326

Median 0.3110000

Standard Deviation 0.1705655

Mann-Kendall Test

Test Value (S) 6.0000000

Tabulated p-value 0.3060000

Standard Deviation of S 9.5916630

Standardized Value of S 0.5212860

Approximate p-value 0.3010838

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:40:57 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

MolybdenumUCD1-069

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 1.2200000

Maximum 1.8100000

Mean 1.5577778

Geometric Mean 1.5468469

Median 1.6100000

Standard Deviation 0.1908388

Mann-Kendall Test

Test Value (S) -12.00000

Tabulated p-value 0.1300000

Standard Deviation of S 9.5916630

Standardized Value of S -1.146829

Approximate p-value 0.1257261

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:41:45 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Nitrate as NUCD1-069

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 6.9000000

Maximum 13.000000

Mean 9.5444444

Geometric Mean 9.2904698

Median 9.4000000

Standard Deviation 2.3770313

Mann-Kendall Test

Test Value (S) 22.000000

Tabulated p-value 0.0120000

Standard Deviation of S 9.4868330

Standardized Value of S 2.2135944

Approximate p-value 0.0134283

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:47:33 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Nitrate as NUCD1-070

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 1.4000000

Maximum 3.0000000

Mean 1.9111111

Geometric Mean 1.8603976

Median 1.8000000

Standard Deviation 0.4986092

Mann-Kendall Test

Test Value (S) -20.00000

Tabulated p-value 0.0220000

Standard Deviation of S 9.4868330

Standardized Value of S -2.002776

Approximate p-value 0.0226007

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 12:06:46 PM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Radium-226UCD1-072

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       9

Number Values Reported (n)       9

Minimum 0.0399000

Maximum 0.6180000

Mean 0.2872000

Geometric Mean 0.1961836

Median 0.3030000

Standard Deviation 0.2108953

Mann-Kendall Test

Test Value (S) 12.000000

Tabulated p-value 0.1300000

Standard Deviation of S 9.5916630

Standardized Value of S 1.1468293

Approximate p-value 0.1257261

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.2165017

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.1910000

Standard Deviation of S 6.3770422

Standardized Value of S -0.784063

Standard Deviation 391.55775

Mann-Kendall Test

Test Value (S) -6.000000

Mean 212.64714

Geometric Mean 48.290101

Median 50.000000

Number Values Reported (n)       7

Minimum 4.0500000

Maximum 1080.0000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

AluminumUCD1-069

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:27:39 AM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:50:09 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

ZincUCD1-070

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       6

Number Values Reported (n)       6

Minimum 0.5990000

Maximum 35.200000

Mean 9.7581667

Geometric Mean 5.0817848

Median 5.1750000

Standard Deviation 12.762268

Mann-Kendall Test

Test Value (S) -9.000000

Tabulated p-value 0.0680000

Standard Deviation of S 5.3229065

Standardized Value of S -1.502938

Approximate p-value 0.0664275

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.4241559

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.3600000

Standard Deviation of S 5.2281290

Standardized Value of S 0.1912730

Standard Deviation 121.62468

Mann-Kendall Test

Test Value (S) 2.0000000

Mean 93.225000

Geometric Mean 35.131112

Median 20.350000

Number Values Reported (n)       6

Minimum 7.1500000

Maximum 250.00000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       6

Level of Significance   0.0100000

AluminumUCD1-071

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:51:33 AM
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Approximate p-value 0.3242911

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.2810000

Standard Deviation of S 6.5828059

Standardized Value of S -0.455733

Standard Deviation 115.09582

Mann-Kendall Test

Test Value (S) -4.000000

Mean 114.94643

Geometric Mean 45.146917

Median 50.000000

Number Values Reported (n)       7

Minimum 3.5350000

Maximum 250.00000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

AluminumUCD1-072

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:59:56 AM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:15:47 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

ZincUCD1-023

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       6

Number Values Reported (n)       6

Minimum 4.7000000

Maximum 11.400000

Mean 7.0916667

Geometric Mean 6.7604068

Median 6.8000000

Standard Deviation 2.4937876

Mann-Kendall Test

Test Value (S) -5.000000

Tabulated p-value 0.2350000

Standard Deviation of S 5.3229065

Standardized Value of S -0.751469

Approximate p-value 0.2261852

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.3535571

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.3600000

Standard Deviation of S 5.3229065

Standardized Value of S 0.3757346

Standard Deviation 4.5521057

Mann-Kendall Test

Test Value (S) 3.0000000

Mean 38.666667

Geometric Mean 38.445917

Median 37.625000

Number Values Reported (n)       6

Minimum 33.000000

Maximum 45.000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       6

Level of Significance   0.0100000

ChromiumUCD1-068

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:26:56 AM



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment C-3, Page 26   

 
 

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:54:21 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

NickelUCD1-068

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       6

Number Values Reported (n)       6

Minimum 1.7750000

Maximum 2.3400000

Mean 2.0325000

Geometric Mean 2.0223723

Median 1.9950000

Standard Deviation 0.2238247

Mann-Kendall Test

Test Value (S) -3.000000

Tabulated p-value 0.3600000

Standard Deviation of S 5.3229065

Standardized Value of S -0.375735

Approximate p-value 0.3535571

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.0081305

Statistically significant evidence of a decreasing

trend at the specified level of significance.

Tabulated p-value 0.0050000

Standard Deviation of S 6.6583281

Standardized Value of S -2.403006

Standard Deviation 1.0137736

Mann-Kendall Test

Test Value (S) -17.00000

Mean 2.5757143

Geometric Mean 2.3923248

Median 2.6150000

Number Values Reported (n)       7

Minimum 1.0900000

Maximum 4.3000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

Beta, GrossUCD1-068

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:23:27 AM
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Approximate p-value 0.0357527

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.0350000

Standard Deviation of S 6.6583281

Standardized Value of S 1.8022542

Standard Deviation 0.1210716

Mann-Kendall Test

Test Value (S) 13.000000

Mean 0.2350000

Geometric Mean 0.2162960

Median 0.2000000

Number Values Reported (n)       7

Minimum 0.1400000

Maximum 0.5000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

ChloroformUCD1-068

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:25:40 AM
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Approximate p-value 0.3819453

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.3860000

Standard Deviation of S 6.6583281

Standardized Value of S 0.3003757

Standard Deviation 6.0602137

Mann-Kendall Test

Test Value (S) 3.0000000

Mean 35.142857

Geometric Mean 34.703945

Median 34.000000

Number Values Reported (n)       7

Minimum 28.000000

Maximum 44.000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

Chromium (Hexavalent)UCD1-068

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 10:53:22 AM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:25:15 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Uranium-238UCD1-068

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 0.5650000

Maximum 1.1200000

Mean 0.9546429

Geometric Mean 0.9320316

Median 1.0600000

Standard Deviation 0.2050298

Mann-Kendall Test

Test Value (S) -3.000000

Tabulated p-value 0.3860000

Standard Deviation of S 6.6583281

Standardized Value of S -0.300376

Approximate p-value 0.3819453

Insufficient evidence to identify a significant

 trend at the specified level of significance.



 

 
U.S. Department of Energy  First Five-Year Review for the LEHR Federal Facility 
September 2016  Doc. No. S13284 
   Attachment C-3, Page 31 

 
 

Approximate p-value 0.1147781

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.1190000

Standard Deviation of S 6.6583281

Standardized Value of S -1.201503

Standard Deviation 2.1734964

Mann-Kendall Test

Test Value (S) -9.000000

Mean 2.5941429

Geometric Mean     N/A    

Median 2.2900000

Number Values Reported (n)       7

Minimum -0.481000

Maximum 6.4200000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

Beta, GrossUCD1-069

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:35:24 AM
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Approximate p-value 0.2740028

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.2810000

Standard Deviation of S 6.6583281

Standardized Value of S 0.6007514

Standard Deviation 3.1159345

Mann-Kendall Test

Test Value (S) 5.0000000

Mean 21.871429

Geometric Mean 21.656862

Median 22.900000

Number Values Reported (n)       7

Minimum 15.800000

Maximum 24.900000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

Carbon-14UCD1-069

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:37:19 AM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:38:39 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

IronUCD1-069

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 19.100000

Maximum 1620.0000

Mean 266.61429

Geometric Mean 63.623731

Median 47.000000

Standard Deviation 597.07266

Mann-Kendall Test

Test Value (S) -3.000000

Tabulated p-value 0.3860000

Standard Deviation of S 6.6583281

Standardized Value of S -0.300376

Approximate p-value 0.3819453

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:39:41 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

ManganeseUCD1-069

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 0.1790000

Maximum 34.000000

Mean 5.5970000

Geometric Mean 1.2943372

Median 1.0000000

Standard Deviation 12.528283

Mann-Kendall Test

Test Value (S) -9.000000

Tabulated p-value 0.1190000

Standard Deviation of S 5.2599113

Standardized Value of S -1.520938

Approximate p-value 0.0641377

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:43:48 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Uranium-238UCD1-069

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 0.5650000

Maximum 1.7500000

Mean 1.2471429

Geometric Mean 1.1814045

Median 1.3000000

Standard Deviation 0.3991225

Mann-Kendall Test

Test Value (S) 8.0000000

Tabulated p-value 0.1190000

Standard Deviation of S 6.5828059

Standardized Value of S 1.0633763

Approximate p-value 0.1438057

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.0357527

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.0350000

Standard Deviation of S 6.6583281

Standardized Value of S -1.802254

Standard Deviation 1.1859241

Mann-Kendall Test

Test Value (S) -13.00000

Mean 1.9865714

Geometric Mean     N/A    

Median 2.3250000

Number Values Reported (n)       7

Minimum -0.222000

Maximum 2.9000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

Beta, GrossUCD1-070

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:45:23 AM



 

 
U.S. Department of Energy  First Five-Year Review for the LEHR Federal Facility 
September 2016  Doc. No. S13284 
   Attachment C-3, Page 37 

 
 

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:49:09 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Uranium-238UCD1-070

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 0.5170000

Maximum 1.3800000

Mean 0.9488571

Geometric Mean 0.9013944

Median 1.0000000

Standard Deviation 0.3043312

Mann-Kendall Test

Test Value (S) 1.0000000

Tabulated p-value 0.5000000

Standard Deviation of S 6.6583281

Standardized Value of S     0

Approximate p-value 0.5000000

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Approximate p-value 0.1147781

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.1190000

Standard Deviation of S 6.6583281

Standardized Value of S -1.201503

Standard Deviation 2.1151031

Mann-Kendall Test

Test Value (S) -9.000000

Mean 3.4080000

Geometric Mean 2.7561095

Median 3.9100000

Number Values Reported (n)       7

Minimum 0.9460000

Maximum 6.8200000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

Beta, GrossUCD1-071

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:53:19 AM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:56:15 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

ManganeseUCD1-071

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 0.1810000

Maximum 48.700000

Mean 9.1717143

Geometric Mean 2.4157314

Median 2.2000000

Standard Deviation 17.580889

Mann-Kendall Test

Test Value (S) -11.00000

Tabulated p-value 0.0680000

Standard Deviation of S 6.6583281

Standardized Value of S -1.501879

Approximate p-value 0.0665642

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 11:59:05 AM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Uranium-238UCD1-071

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 1.5100000

Maximum 2.3100000

Mean 1.8785714

Geometric Mean 1.8570813

Median 1.9600000

Standard Deviation 0.3056920

Mann-Kendall Test

Test Value (S)     0

Tabulated p-value 0.5000000

Standard Deviation of S 6.5828059

Standardized Value of S     N/A    

Approximate p-value     N/A    

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 12:00:56 PM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Beta, GrossUCD1-072

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum -0.007310

Maximum 3.2700000

Mean 1.8883129

Geometric Mean     N/A    

Median 2.4250000

Standard Deviation 1.1431189

Mann-Kendall Test

Test Value (S) -15.00000

Tabulated p-value 0.0150000

Standard Deviation of S 6.6583281

Standardized Value of S -2.102630

Approximate p-value 0.0177491

Insufficient evidence to identify a significant

 trend at the specified level of significance.



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment C-3, Page 42   

 
 

Approximate p-value 0.0069640

Statistically significant evidence of an increasing

trend at the specified level of significance.

Tabulated p-value 0.0050000

Standard Deviation of S 6.5064071

Standardized Value of S 2.4591145

Standard Deviation 0.2872530

Mann-Kendall Test

Test Value (S) 17.000000

Mean 1.0685714

Geometric Mean 1.0371302

Median 0.8800000

Number Values Reported (n)       7

Minimum 0.8200000

Maximum 1.5000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

ChloroformUCD1-072

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 12:02:08 PM
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Approximate p-value 0.1147781

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.1190000

Standard Deviation of S 6.6583281

Standardized Value of S 1.2015028

Standard Deviation 5.0563374

Mann-Kendall Test

Test Value (S) 9.0000000

Mean 57.721429

Geometric Mean 57.528742

Median 58.300000

Number Values Reported (n)       7

Minimum 50.500000

Maximum 62.900000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

ChromiumUCD1-072

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

p Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 12:03:54 PM
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Approximate p-value 0.1782205

Insufficient evidence to identify a significant

 trend at the specified level of significance.

Tabulated p-value 0.1910000

Standard Deviation of S 6.5064071

Standardized Value of S 0.9221679

Standard Deviation 4.1875666

Mann-Kendall Test

Test Value (S) 7.0000000

Mean 54.928571

Geometric Mean 54.780427

Median 55.500000

Number Values Reported (n)       7

Minimum 46.000000

Maximum 59.000000

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Level of Significance   0.0100000

Chromium (Hexavalent)UCD1-072

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 12:04:47 PM
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Mann-Kendall Trend Test Analysis

User Selected Options   

Date/Time of Computation   7/2/2015 12:07:30 PM

From File   qry_5-YrTrendTest_v2.xls

Full Precision   ON

Confidence Coefficient   0.9900000

Level of Significance   0.0100000

Uranium-238UCD1-072

General Statistics

Number or Reported Events Not Used       0

Number of Generated Events       7

Number Values Reported (n)       7

Minimum 0.7250000

Maximum 1.2100000

Mean 1.0072143

Geometric Mean 0.9951325

Median 1.0500000

Standard Deviation 0.1622636

Mann-Kendall Test

Test Value (S) 3.0000000

Tabulated p-value 0.3860000

Standard Deviation of S 6.6583281

Standardized Value of S 0.3003757

Approximate p-value 0.3819453

Insufficient evidence to identify a significant

 trend at the specified level of significance.
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Monitoring 
Well Constituent Units Baseline 

Concentration 
Background 

Concentrationa 
Water Quality 

Criterion 
(WQC)b 

WQC Reference 
Baseline 

Below WQC or 
at/below 

Background?c 
Constituents of Concern 
UCD1-021 Carbon-14 pCi/L <7 <7 2,000 MCL (SWRCB 2015a) Yes 

UCD1-021 Nitrate as N mg/L 27 15  10 MCL (SWRCB 2015a) No 
UCD1-021 Radium-226 pCi/L 0.292 J 1.17  5 MCL (SWRCB 2015a) Yes 

UCD1-023 Carbon-14 pCi/L 22.1 <7 2,000 MCL (SWRCB 2015a) Yes 

UCD1-023 Nitrate as N mg/L 5.1 15  10 MCL (SWRCB 2015a) Yes 

UCD1-054 Cesium-137 pCi/L <5.02 <5 200 MCL (EPA 2000) Yes 

UCD1-054 Chromium µg/L 13.6 43.7  10 California EPA MCLd 

(SWRCB 2015a) Yes 

UCD1-054 Chromium 
(Hexavalent) µg/L 12 40  10 California EPA MCL 

(SWRCB 2015a) Yes 

UCD1-054 Mercury µg/L 0.072 J 0.0479 J 2 MCL (SWRCB 2015a) Yes 

UCD1-054 Molybdenum µg/L 3.11 3.13  100 RSL (EPA 2015) Yes 

UCD1-054 Silver µg/L <1 <1 100 Secondary MCL (SWRCB 2006) Yes 

UCD1-054 Strontium-90 pCi/L <1 <1 8 MCL (SWRCB 2015a) Yes 

UCD1-068 Carbon-14 pCi/L <7 <7 2,000 MCL (SWRCB 2015a) Yes 

UCD1-068 Nitrate as N mg/L 12 15  10 MCL (SWRCB 2015a) Yes 

UCD1-068 Radium-226 pCi/L 0.324 1.17  5 MCL (SWRCB 2015a) Yes 

UCD1-068 Selenium µg/L 2.24 1.74  50 MCL (SWRCB 2015a) Yes 

UCD1-069 Formaldehyde µg/L 12 J 13 J 100 California Notification Level 
(SWRCB 2015b) Yes 

UCD1-069 Molybdenum µg/L 1.81 3.13  100 RSL (EPA 2015) Yes 

UCD1-069 Nitrate as N mg/L 9.9 15  10 MCL (SWRCB 2015a) Yes 

UCD1-070 Carbon-14 pCi/L 18.9 <7 2,000 MCL (SWRCB 2015a) Yes 

UCD1-070 Nitrate as N mg/L 3 15  10 MCL (SWRCB 2015a) Yes 

UCD1-071 Cesium-137 pCi/L <5 <5 200 MCL (EPA 2000) Yes 

UCD1-071 Chromium µg/L 49.1 43.7  10 California EPA MCLd 

(SWRCB 2015a) No 

UCD1-071 Chromium 
(Hexavalent) µg/L 47 40  10 California EPA MCL 

(SWRCB 2015a) No 
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Monitoring 
Well Constituent Units Baseline 

Concentration 
Background 

Concentrationa 
Water Quality 

Criterion 
(WQC)b 

WQC Reference 
Baseline 

Below WQC or 
at/below 

Background?c 
UCD1-071 Mercury µg/L 0.0658 J 0.0479 J 2 MCL (SWRCB 2015a) Yes 

UCD1-071 Molybdenum µg/L 3.29 3.13  100 RSL (EPA 2015) Yes 

UCD1-071 Silver µg/L <1 <1 100 Secondary MCL (SWRCB 2006) Yes 

UCD1-071 Strontium-90 pCi/L <1 <1 8 MCL (SWRCB 2015a) Yes 

UCD1-072 Carbon-14 pCi/L <7 <7 2,000 MCL (SWRCB 2015a) Yes 

UCD1-072 Nitrate as N mg/L 23 15  10 MCL (SWRCB 2015a) No 
UCD1-072 Radium-226 pCi/L 0.558 J 1.17  5 MCL (SWRCB 2015a) Yes 

Monitoring-only Constituents 

UCD1-013 Chlordane µg/L <1 0 0.1 MCL (SWRCB 2015a) No 
UCD1-013 Dieldrin µg/L <0.1 0 0.0018 RSL (EPA 2015) No 
UCD1-021 Aluminum µg/L <50 5.86 J 1,000 MCL (SWRCB 2015a) Yes 

UCD1-021 Americium-241 pCi/L <0.923 <0.71 15 MCL (EPA 2000) Yes 

UCD1-023 Mercury µg/L <0.2 0.0479 J 2 MCL (SWRCB 2015a) Yes 

UCD1-023 Zinc µg/L 11.4 20.9  5,000 Secondary MCL (SWRCB 2006) Yes 

UCD1-068 Aluminum µg/L <50 5.86 J 1,000 MCL (SWRCB 2015a) Yes 

UCD1-068 Americium-241 pCi/L <0.555 <0.71 15 MCL (EPA 2000) Yes 

UCD1-068 Chromium µg/L 40 43.7  10 California EPA MCLd (SWRCB 
2015a) Yes 

UCD1-068 Nickel µg/L 2.29 141  100 MCL (SWRCB 2015a) Yes 

UCD1-069 Aluminum µg/L 1080 5.86 J 1,000 MCL (SWRCB 2015a) No 
UCD1-069 Silver µg/L <1 <1 100 Secondary MCL (SWRCB 2006) Yes 

UCD1-070 Mercury µg/L <0.2 0.0479 J 2 MCL (SWRCB 2015a) Yes 

UCD1-070 Zinc µg/L 35.2 20.9  5,000 Secondary MCL (SWRCB 2006) Yes 

UCD1-071 Aluminum µg/L 27.3 J 5.86 J 1,000 MCL (SWRCB 2015a) Yes 

UCD1-072 Aluminum µg/L 207 5.86 J 1,000 MCL (SWRCB 2015a) Yes 

UCD1-072 Americium-241 pCi/L <0.658 <0.71 15 MCL (EPA 2000) Yes 
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Monitoring 
Well Constituent Units Baseline 

Concentration 
Background 

Concentrationa 
Water Quality 

Criterion 
(WQC)b 

WQC Reference 
Baseline 

Below WQC or 
at/below 

Background?c 
New Well Constituents 

UCD1-068 Chloroform µg/L 0.23 J 0 70 MCL (EPA 2006) Yes 

UCD1-068 Chromium 
(Hexavalent) µg/L 42 40  10 California EPA MCL 

(SWRCB 2015a) No 

UCD1-068 Formaldehyde µg/L 14 J 13 J 100 California Notification Level 
(SWRCB 2015b) Yes 

UCD1-068 Gross Beta pCi/L 4.3 2.88 J NA (4 mrem/yr) MCL (SWRCB 2015a) No 
UCD1-068 Uranium-238 pCi/L 1.21 0.946 J 20 MCL (SWRCB 2015a) Yes 

UCD1-069 1,1-Dichloroethane µg/L 0.19 J 0 5 MCL (SWRCB 2015a) Yes 

UCD1-069 Carbon-14 pCi/L 22.9 <7 2000 MCL (SWRCB 2015a) Yes 

UCD1-069 Chloroform µg/L 0.11 J 0 70 MCL (EPA 2006) Yes 

UCD1-069 Gross Beta pCi/L 6.42 2.88 J NA (4 mrem/yr) MCL (SWRCB 2015a) No 
UCD1-069 Iron µg/L 1620 502  300 Secondary MCL (SWRCB 2006) No 
UCD1-069 Manganese µg/L 34 10  50 Secondary MCL (SWRCB 2006) Yes 

UCD1-069 Uranium-238 pCi/L 1.3 0.946 J 20 MCL (SWRCB 2015a) Yes 

UCD1-070 Gross Beta pCi/L 4.4 J 2.88 J NA (4 mrem/yr) MCL (SWRCB 2015a) No 
UCD1-070 Uranium-238 pCi/L 1.38 0.946 J 20 MCL (SWRCB 2015a) Yes 

UCD1-071 Benzene µg/L 0.29 J 0 1 MCL (SWRCB 2015a) Yes 

UCD1-071 Gross Beta pCi/L 4.83 2.88 J NA (4 mrem/yr) MCL (SWRCB 2015a) No 
UCD1-071 Manganese µg/L 48.7 10  50 Secondary MCL (SWRCB 2006) Yes 

UCD1-071 Uranium-238 pCi/L 2.31 0.946 J 20 MCL (SWRCB 2015a) Yes 

UCD1-072 Chloroform µg/L 0.88 0 70 MCL (EPA 2006) Yes 

UCD1-072 Chromium µg/L 62.9 43.7  10 California EPA MCLd 

(SWRCB 2015a) No 

UCD1-072 Chromium 
(Hexavalent) µg/L 57 40  10 California EPA MCL 

(SWRCB 2015a) No 

UCD1-072 Formaldehyde µg/L 14 J 13 J 100 California Notification Level 
(SWRCB 2015b) Yes 

UCD1-072 Gross Beta pCi/L 3.74 2.88 J NA (4 mrem/yr) MCL (SWRCB 2015a) No 
UCD1-072 Uranium-238 pCi/L 1.14 0.946 J 20 MCL (SWRCB 2015a) Yes 
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Notes: 
a Groundwater background determined from wells UCD1-018 and UCD1-063 monitoring data collected in 2011 and 2012 (Weiss 2014) 
b WQC Selection priority: California Primary MCL, EPA Primary MCL, Secondary MCL, California Notification Level, EPA RSL. 
c "No" indicates that baseline level is either below the WQC, or, if above the WQC, is at or below the background level. 
d Based on an assumption that total chromium is 100 percent hexavalent. 
 
Abbreviations: 
EPA = U.S. Environmental Protection Agency 
J = estimated value 
MCL = Maximum Contaminant Level 
µg/L = micrograms per liter 
mg/L = milligrams per liter 
mrem/yr = millirem per year 
NA = not available 
pCi/L = picocuries per liter 
RSL = Regional Screening Level 
SWRCB = State Water Regional Control Board 
WQC = water-quality criterion 
 
References: 
EPA (U.S. Environmental Protection Agency), 2000. Soil Screening Guidance for Radionuclides: User's Guide, EPA/540-R-00-007, October. 
 
EPA (U.S. Environmental Protection Agency), 2006. National Primary Drinking Water Regulations: Stage 2 Disinfectants and Disinfection Byproducts Rule, Federal 
Register 40 Code of Federal Regulations Parts 9, 141, and 142, January 4. 
 
EPA (U.S. Environmental Protection Agency), 2015. Risk-Based Screening Table-Generic Tables. http://www.epa.gov/risk/risk-based-screening-table-generic-tables, 
November. 
 
SWRCB (State Water Resource Control Board), 2006. California Code of Regulation Title 22. Division 4. Environmental Health Chapter 15. Domestic Water Quality and 
Monitoring Regulations Article 16, Secondary Water Standards, 
http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/recentlyadoptedregulations/R-21-03-finalregtext.pdf, accessed January 18, 2016. 
 
SWRCB (State Water Resource Control Board), 2015a. Comparison of MCLs and PHGs for Regulated Contaminants in Drinking Water, Download page for California 
and Federal Drinking Water Standards (MCLs), Detection Limits for Purposes of Report (DLRs) and Public Health Goals (PHGs), 
http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/MCLsandPHGs.shtml, last updated September 23, 2015, accessed January 15, 2016. 
 
SWRCB (State Water Resource Control Board), 2015b. Division of Drinking Water (DDW), Drinking Water Notification Levels and Response Levels: An Overview, 
http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/notificationlevels/notificationlevels.pdf, accessed January 18, 2016. 
 
Weiss (Weiss Associates), 2014. Final 2012 Comprehensive Annual Water Monitoring Report for the Laboratory for Energy-Related Health Research/Old Campus 
Landfill Superfund Site, University of California, Davis, February 6. 
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D1.0 Site Inspection Documentation 
  
On June 16, 2015, a walk-through inspection of monuments that define the DOE Areas subject to 
land-use restrictions (Figure D-1) was performed by the following: 

• Tim Utterback, Bob Devany, and Bill McIlvride of Weiss Associates (Weiss) 

• Linda Tegelman of Stoller Newport News Nuclear, Inc., a wholly owned subsidiary of 
Huntington Ingalls Industries, Inc. 

• Michael Anderson of TechLaw (for David Stensby of the U.S. EPA) 

• Sue Fields of the University of California, Davis (UC Davis) 

• Durin Linderholm of the California Regional Water Quality Control Board (CRWQCB) 

• Jeff Wong and Rajiv Misra of the California Department of Public Health, Radiologic 
Health Branch (CDPH) 

 
A sign-in list for these individuals is provided in Attachment D-1.  
 
All 24 monuments were in good condition except monument M19 (Figure D-1), which was not 
located and presumed lost as a result of surface soil disturbance by heavy machinery at the 
northwest corner of the Eastern Dog Pens (EDPs) Area. The affected area is approximately 1 to 
2 inches deep by 25 feet long by 22 feet wide as shown in Figure D-2. Less than approximately 
3 cubic yards of soil is mounded near the center of the scraped area. The trunk of a fallen tree is 
lying about 5 feet south of the scraped area. The anchorage location of monument M19 was found 
during the day of the walk-through inspection. On September 29, 2015, Hunter Surveying, 
a California-licensed land surveyor, reinstalled monument M19 at its previous location. 
 
D1.1 Inspection of Domestic Septic System 4 Area for Prohibited Land Uses 
 
On June 16, 2015, the above-listed group performed a walk-through inspection of the Domestic 
Septic System (DSS) 4 Area. As required by the Covenant to Restrict Use of Property, 
Environmental Restriction (DTSC 2014), no residential use, use for day care for children, or 
cultivation of crops for human consumption was observed in the DSS 4 Area. 
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Figure D-1. DOE Areas Subject to Land-Use Restrictions, Survey Monuments, and Groundwater Monitoring Wells 
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Figure D-2. 1998 Survey Map Showing Tree Originally Located to the West of the Eastern Dog Pens Area  
 
 
D1.2 Inspections of DOE Areas for Compliance with Requirements of the 

Soil Management Plan 
 
On June 16, 2015, the above-listed group performed a walk-through inspection of the DOE areas 
subject to land-use restrictions to look for signs of soil disturbance. Minor soil disturbance 
associated with a fallen tree was found in the northwest corner of the EDPs. Before the tree fell, 
it was located outside the west boundary of the EDPs as shown in the surveyors map prepared in 
1998 (Figure D-2). Easting and northing coordinates obtained from the surveyors map indicate 
that the trunk was approximately 8 to 10 feet west (outside) of the EDPs fence. The tree was 
dead when it fell into the northwest corner of the EDPs. 
 
As shown in the photograph below, the tree sheared at ground surface and did not bring soil or 
roots to the surface. 
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The volume and depth of the EDPs soil disturbance were less than the quantities that would 
require a permit according to the specifications in the Soil Management Plan in Appendix A of 
the Remedial Design/Remedial Action Work Plan (DOE 2010) (disturbed depths less than 1 foot 
and soil displaced less than 5 cubic yards). No soil disturbance events that would require a 
permit have occurred during the five-year period. Attachment D-2 provides the inspection 
checklist; Attachment D-3 provides photographs of the survey monuments; and Attachment D-4 
provides photographs documenting the area inspections. 
 
During this reporting period, no permit-required soil-disturbing activities occurred within the 
DOE areas subject to land-use restrictions; therefore, no inspections were necessary to comply 
with the requirements of the Soil Management Plan (DOE 2010). 
 
D1.3 Inspections of Groundwater Monitoring Wells 
 
On June 16, 2015, the above-listed group performed a walk-through inspection of groundwater 
monitoring wells UCD1-013, UCD1-018, UCD1-021, UCD1-023, UCD1-054, UCD1-063, and 
wells UCD1-068 through UCD1-073 (Figure D-1). Photographs from these well inspections are 
provided in Attachment D-5. None of the wells showed evidence of tampering.  

• Wells with standpipe completions (UCD1-013, UCD1-018, UCD1-063, UCD1-070, and 
UCD1-073) were observed to be secured with functioning padlocks. 

• Wells UCD1-054, UCD1-068, UCD1-069, UCD1-071, and UCD1-072 have surface 
completions and were observed to be secured with bolts. 

• Wells UCD1-021 and UCD1-023 have surface completions and screw-on lids. 
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Well UCD1-021 has surface cracks and chips in the cement pad, but the underlying structural 
cement around the vault appears to be sound. Some minor well maintenance issues were noted 
during the June 16, 2015, inspection:  

• The plaque on the lid of well UCD1-069 is missing due to vault replacement. The vault was 
replaced due to damage from grounds maintenance equipment. 

• Well UCD1-071 requires a new vault gasket and longer bolts. 
 
On September 1, 2015, a new plaque was installed on the lid of well UCD1-069. A new vault 
gasket was installed at well UCD1-071 on November 3, 2015. It was noted that the existing bolts 
fit properly after the vault lid gasket was replaced. Photographs of the completed well 
maintenance items are provided in Attachment D-6. 
 
 

D2.0 Conclusions 
 
The results of the June 16, 2015, walk-through inspection indicate that the remedy is functioning 
as designed and is protective of human health, the environment, and groundwater resources. 
During the Five-Year Review period, no permit-required soil-disturbing activities occurred 
within the DOE Areas subject to land-use restrictions. The monitoring wells have required minor 
maintenance such as lock lubrication, bolt replacement, and thread cleaning. Damage occurred 
at one well (UCD1-069) and one monument (M19), but the repairs were inexpensive and simple.  
 
The land-use restrictions could be optimized by installing bollards or flexible ground-mount 
delineators at current flush-mount wells located in fields with tall vegetation (UCD1-068, 
UCD1-069, and UCCD1-072). Flexible ground-mount delineators with explanatory signage 
could be installed at monuments located in fields with tall vegetation (M11 and M19 thru M22). 
The precise language on the explanatory signage will be presented in the update to the Soil 
Management Plan. 
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Monument 1, northwest corner of Dry Wells A–E Area. 

 
View northwest; monument 1 within orange ring in foreground; 

entrance sign in background.  

 
Monument 2, northeast corner of Dry Wells A–E Area. 

 
View northwest; monument 2 within orange ring in foreground; 

retracted entrance gate in background. 
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Monument 3, southwest corner of Dry Wells A–E Area. 

 
View west; monument 3 within orange ring; west perimeter 

fence behind. 

 
Monument 4, southeast corner of Dry Wells A–E Area. 

 
View east; monument 4 within orange ring; Building H219 behind. 
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Monument 5, northwest corner of Domestic Septic System 4. 

 
View east; monument 5 within orange ring; Building H215 in 

background. 

 
Monument 6, adjacent to northwest corner of Building H-218; 

Radium/Strontium Treatment Systems Area. 

 
View east; monument 6 within orange ring in foreground; 

corner of Building H218 behind right.  
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Monument 7, southwest corner of Domestic Septic System 4. 

 
View east; monument 7 within orange ring; Building H215 in 

background.  

 
Monument 8, southwest corner of radium-226 leach trench; 

 Radium/Strontium Treatment Systems Area. 

 
View southwest; monument 8 within orange ring;  

west perimeter fence behind. 
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Monument 9, southeast corner of radium-226 leach trench; 

Radium/Strontium Treatment Systems Area. 

 
View east; monument 9 within orange ring; Building H215 in 

background. 

 
Monument 10, northeast corner of former leach field in 

Domestic Septic System 3 Area. 

 
View west; monument 10 within orange ring; Building H216 in 

background. 



 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
A

ttachm
ent D

-3, Page 6 
  

 
Monument 11, northeast corner of Eastern Remediation Support Area. 

 
View west; monument 11 within orange ring in foreground; 

Building H216 in background. 

 
Monument 12, northwest corner of Southwest Trenches Area. 

 
View south; monument 12 within orange ring in foreground; 

water hydrant in background. 
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Monument 13, southwest corner of Domestic Septic System 3, 

at northern perimeter of Southwest Trenches Area. 

 
View north; monument 13 within orange ring at edge of concrete swale: 

Building H215 in background. 

 
Monument 14, southeast corner of Domestic Septic System 3. 

 
View southwest; monument 14 within orange ring in foreground; 

Well UCD1-023 and trailer shed in background. 
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Monument 15, eastern corner of Southwest Trenches Area. 

 
View south; monument 15 within orange ring in foreground; former 

Western Dog Pens silt fence to left and trailer shed fence behind right. 

 
Monument 16, southwest corner of Southwest Trenches Area. 

 
View southwest; monument 16 within orange ring:  
southwest corner post of perimeter fence behind. 
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Monument 17, southeast corner of Southwest Trenches Area. 

 
View south; monument 17 within orange ring; 

south perimeter fence behind; North Levee in background. 

 
Monument 18, southeast corner of Eastern Remediation Support Area. 

 
View south; monument 18 within orange ring; 

foot of North Levee in background; burrow mound in foreground. 
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Monument 19 temporary marker, northwest corner of  

Eastern Dog Pens Area. 

 
View southeast; field crew setting temporary marker at measured  

location of monument 19. 

 
Monument 20, northeast corner of Eastern Dog Pens Area. 

 
View southwest; monument 20 within orange ring; 

Eastern Dog Pens Area in background. 
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Monument 21, southwest corner of Eastern Dog Pens Area. 

 
View northeast; monument 21 within orange ring; 

Eastern Dog Pens Area in background. 

 
Monument 22, southeast corner of Eastern Dog Pens Area. 

 
View east; monument 22 within orange ring; Eastern Dog Pens 

Area to immediate left; Cobalt-60 Area fence behind. 
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Monument 23, western perimeter point of Southwest Trenches Area. 

 

 
View northwest; monument 23 within orange ring;  

west perimeter fence behind. 

 
Monument 24, northeast corner of Southwest Trenches Area, 

at southern perimeter of Domestic Septic System 3. 

 
View southeast; monument 24 within orange ring on edge of concrete 

swale. Waste bin and trailer shed behind; rose planter behind right. 
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View southeast over Southwest Trenches Area: North Levee in 

background. 

 
View east over Southwest Trenches Area: storage shed to left; 

North Levee to right; Western Dog Pens Area and UC Davis 
Southern Trenches Area in background. 

 
View north over northwest corner of Southwest Trenches Area.  

View south over Southwest Trenches Area: North Levee in 
background. 
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View southeast over Southwest Trenches Area. 

 
View west over Southwest Trenches Area: shoulder of 

Old Davis Road in background. 
 

 
View northwest; well UCD1-070 in foreground. 

 
View north over Southwest Trenches Area. 
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View south from center of Southwest Trenches Area. 

 
View east from center of Southwest Trenches Area. 

 
View east over former leach field part of Domestic Septic System 3 Area: 

Building H-216 to left; storage unit to right; Western Dog Pens Area in 
background. 

 
View east over eastern half of Domestic Septic System 3 Area. 
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View west over former leach field part of Domestic Septic System 3 Area: 

Buildings H-215 and H-216 to right; Southwest Trenches Area to left; 
shoulder of Old Davis Road in background. 

 
View south over septic tank part of Domestic Septic System 3 Area: 

 Building H-216 to left; Building H-215 to right. 

 
View north over septic tank part of Domestic Septic System 3 Area: 

Building H-216 to right; Domestic Septic System 4 Area in background. 

 
View south over east end of Domestic Septic System 3 

leach field: trailer in background. 
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View east: Building H-216 in background, standing north/left of tree. 

 
View east: Building H-216 in background, standing south/right 

of tree. 

 
View north over Domestic Septic System 4 septic tank location and 

east end of leach field: Building H-215 to left, Building H-216 to right; 
Building H-217 in background. 

 
View west over east end of Domestic Septic System 4 

leach field: Building H-215 in background. 
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View east over Domestic Septic System 4 septic tank location: 

Building H-216 in background. 

 
View east over western portion of Domestic Septic System 4 Area: 

Building H-215 in background. 

 
View north over southern portion of Radium/Strontium Treatment Systems 

 Area: Building H-215 right: Buildings H-218 and H-219 in background. 

 
View north over middle portion of Radium/Strontium Treatment 

Systems Area: Building H-218 near upper right-hand corner, 
Building H-219 in background. 
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View south over southern portion of Radium/Strontium Treatment Systems 

 Area: Building H-215 to left. 

 
View north over northern portion of Radium/Strontium Treatment 

Systems Area: Building H-219 to right. 

 
View south over middle-south portion of Radium/Strontium Treatment 

Systems Area: Building H-218 to left; west perimeter fence to right. 

 
View east over middle portion of Radium/Strontium Treatment 
Systems Area: Building H-218 to right; Building H-219 to left. 
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View south over Domestic Septic System 2 area within Radium/Strontium 

Treatment Systems Area: Building H-218 behind. 

 
View west over middle-west portion of Radium/Strontium Treatment 

Systems Area. 

 
Roof-level view west over middle portion of Radium/Strontium Treatment 

 Systems Area: Building H-219 to right, Building H-218 to left. 

 
Roof-level view southwest over Domestic Septic System 2 area 

within middle portion of Radium/Strontium Treatment Systems Area: 
Building H-218 in background. 
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Roof-level view northwest over middle portion of Radium/Strontium 

Treatment Systems Area: Building H-219 in background. 

 
View south over northern portion of Radium/Strontium 

Treatment Systems Area. 
 

 
View north over Dry Wells A–E Area; Old Davis Road to left. 

 
View south over Dry Wells A–E Area: Building H-219 in 

background/left; facility entrance gate in lower right-hand corner. 
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View west over Dry Wells A–E Area: site entrance gate and 

 Old Davis Road in background. 
 

 
View southwest over Dry Wells A–E Area: Old Davis Road 

 in background. 

 
View northeast over southwest corner of Eastern Dog Pens Area  

from North Levee. 

 
View east over Eastern Dog Pens Area. 
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View southeast over Eastern Dog Pens Area from northwest corner. 

 

 
View south over Eastern Dog Pens Area. 

 
View southwest over Eastern Dog Pens Area from northeast corner. 

 

 
View west over Eastern Dog Pens Area. 
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View northwest into southeast corner of Eastern Dog Pens Area from North 

Levee; partially obscured by trees. 

 
View north over Eastern Dog Pens Area from North Levee. 
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Photographs of Monitoring Wells 
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UCD1-013 Wellhead. 

 

 
UCD1-013 Wellhead Plaque. 

 
UCD1-013 Interior. 

 
UCD1-013 Interior Plaque. 
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UCD1-018 Wellhead. 

 

 
UCD1-018 Wellhead Plaque. 

 
UCD1-018 Interior. 

 
UCD1-018 Interior Plaque.. 
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UCD1-021 Wellhead. 

 

 
UCD1-021 Wellhead Plaque. 

 
UCD1-021 Interior. 

 
UCD1-021 Interior Plaque. 
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UCD1-023 Wellhead. 

 

 
UCD1-023 Wellhead Plaque. 

 
UCD1-023 Interior. 

 
UCD1-023 Interior Plaque. 
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UCD1-054 Wellhead. 

 

 
UCD1-054 Wellhead Plaque. 

 
UCD1-054 Interior. 

 
UCD1-054 Interior Plaque. 
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UCD1-063 Wellhead. 

 

 
UCD1-063 Wellhead Plaque. 

 
UCD1-063 Interior. 

 
UCD1-063 Interior Plaque. 
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UCD1-068 Wellhead. 

 

 
UCD1-068 Wellhead Plaque. 

 
UCD1-068 Interior. 

 
UCD1-068 Interior Plaque. 
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UCD1-069 Wellhead with new concrete apron and lid. 

 

 
New UCD1-069 Wellhead Plaque (awaiting installation). 

 
UCD1-069 Interior with new vault. 

 
UCD1-069 Interior Plaque. 
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UCD1-070 Wellhead. 

 

 
UCD1-070 Wellhead Plaque. 

 
UCD1-070 Interior. 

 
UCD1-070 Interior Plaque. 
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UCD1-071 Wellhead. 

 

 
UCD1-071 Wellhead Plaque. 

 
UCD1-071 Interior. 

 
UCD1-071 Interior Plaque. 
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UCD1-072 Wellhead. 

 

 
UCD1-072 Wellhead Plaque. 

 
UCD1-072 Interior. 

 
UCD1-072 Interior Plaque. 
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UCD1-073 Wellhead. 

 

 
UCD1-073 Wellhead Plaque. 

 
UCD1-073 Interior. 

 
UCD1-073 Interior Plaque. 
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UCD1-071 Wellhead with new gasket (to the right) 

 

 
UCD1-069 Wellhead with new plaque. 

 

 
UCD1-069 close-up view of new plaque. 
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Table E-1 provides a list of the individuals who were interviewed via telephone conversation 
between June 26 and July 1, 2015, as well as others who were approached but declined to be 
interviewed. The questionnaire used for the interview process and the transcripts from recorded 
responses from those interviewed are included in Attachment E-1. 
 

Table E-1. Individuals Interviewed for the Five-Year Review 
 

Individual Title Role on DOE LEHR Project 
Response to 

Interview 
Request 

Cary Avery 
Associate Director of Grounds and 

Landscape Services, UC Davis Grounds maintenance Yes 

Ardie Dehghani Campus Engineer, UC Davis DCM Construction oversight Yes 

Sue Fields 
Environmental Manager, 

UC Davis EH&S Unit UC Davis Project Manager Yes 

Shanie McCarty EH&S Specialist I, UC Davis CHE Works at CHE, which is onsite Yes 

Kent Pinkerton Director, UC Davis CHE Works at CHE, which is onsite Yes 

Sue Russell 
Chief Administrative Officer, 

UC Davis CHE  Works at CHE, which is onsite Yes 

Mary Rust Neighboring Landowner Member of Former DSCSOC Declineda 

David Stensby Remedial Project Manager EPA Region 9 Declinedb 

Durin Linderholm Engineering Geologist CRWQCB Declinedb 
John Bystra Project Manager DTSC Declinedb 

Notes: 
a Stated that she no longer lives in the area and is not up to date on LEHR activities. 
b Indicated that they have no additional input beyond that provided through regular meetings and document review. 
 
Abbreviations: 
CHE = Center for Health and the Environment 
CRWQCB = California Regional Water Quality Control Board 
DCM = Design and Construction Management 
DSCSOC = Davis South Campus Superfund Oversight Committee  
DOE = U.S. Department of Energy 
DTSC California Department of Toxic Substances Control 
LEHR = Laboratory for Energy-Related Health Research 
EH&S = Environmental Health & Safety  
UC Davis = University of California, Davis 
 
 
In summary, the responses provided by those interviewed indicated the following: 

• All respondents felt that the LEHR DOE Areas remedy is adequately protective, and none 
were aware of any changes in laws or regulations within the past 5 years that would affect 
the protectiveness and effectiveness of the remedy. 

• All respondents felt that they were adequately informed about the remedy and land-use 
restrictions, trained on their responsibilities regarding the remedy implementation 
(as appropriate), and were well aware of where to obtain information about the remedy. 
All respondents indicated that the UC Davis EH&S Unit is their primary source of 
information. 
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• In terms of impact the DOE remedy has had on the community, two UC Davis respondents 
mentioned concerns related to Pacific Gas & Electric’s plan to install a new high-pressure 
gas line adjacent to the site and the associated disruption to groundwater that could 
potentially impact the remedy. Two UC Davis respondents also mentioned community 
concerns that the remedy was overly protective and costly. One respondent mentioned past 
community concern about the groundwater plume, but stated that his understanding is that 
DOE has been very detailed in following that plume and its progress and has provided 
information on the plume to the public in regular meetings. 

• When asked about complaints, violations, incidents, or activities involving the DOE Areas 
and remedy, one or more respondents mentioned: 

 Several years ago someone representing the State was planning to drill a soil boring to 
assess the Putah Creek levee adjacent to the site. The UC Davis EH&S Unit was notified 
and helped the State representative select a location that would not interfere with the 
DOE Areas remedy. 

 A land-survey monument for the DOE Areas remedy was recently lost and some surface 
soil was disturbed when a fallen tree at the Eastern Dog Pens Area was cleared out. The 
UC Davis EH&S Unit was notified and confirmed that no soil disturbance requiring 
notification had occurred. At the time of the interview, the EH&S Unit was in the 
planning stages for replacing the missing monument and improving the visibility for 
those monuments needing it. 

 The California Department of Health Services recently asked the UC Davis EH&S Unit 
where they could place a shade structure at the site. A meeting was scheduled for July to 
select a location that would not impact any of the restricted areas. 
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Constituents remaining in the unsaturated soil at the U.S. Department of Energy (DOE) Areas at 
the Laboratory for Energy-Related Research (LEHR) have the potential to impact groundwater 
quality. The potential impacts of residual soil contamination on groundwater have been 
evaluated by DOE and presented in the DOE Areas Remedial Investigation Report (RI) 
(DOE 2003) and in the Final 2012 Comprehensive Annual Water Monitoring Report for the 
Laboratory for Energy-Related Health Research/Old Campus Landfill Superfund Site, University 
of California, Davis (Weiss 2014). The RI provides a list of constituents, originally termed 
designated-level (DL) constituents of potential concern (COPCs) and now referred to simply as 
constituents of concern (COCs), that may be present in soil in concentrations that pose a threat to 
groundwater. These DL COPCs were developed using (1) samples collected and analyzed during 
removal actions; (2) confirmation samples collected after the removal action; and (3) additional 
data collected during the groundwater impact analysis (DL analysis). These values are presented 
as Remediation Goals for the Protection of Groundwater in Table 2–8 of the Record of Decision 
for DOE Areas at the Laboratory for Energy-Related Health Research, University of California, 
Davis (ROD) (DOE 2009). While monitoring as part of the DOE remedy has shown no 
indications of ongoing groundwater impacts from the DOE Areas (see Appendix C), the DL 
analysis was reevaluated for the Five-Year Review to account for any changes in the drinking-
water maximum contaminant levels (MCLs) or LEHR background values that might affect the 
monitoring program or the protectiveness of the remedy. 
 
The DL analysis approach used for the Southwest Trenches Area and the Radium/Strontium 
(Ra/Sr) Treatment System Area is described in detail in the Final Work Plan for Removal 
Actions in the Southwest Trenches, Ra/Sr Treatment Systems, and Domestic Septic System Areas 
for the Laboratory for Energy-Related Health Research (Weiss 2000); Final Southwest Trenches 
Area 1998 Removal Action Confirmation Report for the Laboratory for Energy-Related Health 
Research (Weiss 2001); and the RI (DOE 2003). 
 
The DL approach used for the Domestic Septic System 3 (DSS 3) and DSS 5 was based on 
deionized water waste extraction test results for selected soil samples as documented 
in Appendix C of the Site-Wide Risk Assessment, Volume I: Human Health Risk Assessment 
(Part B-Risk Characterization for DOE Areas) (Risk Characterization Report) (DOE 2005). 
These DL analyses used three water-quality goals to determine the soils’ potential to degrade 
water quality: (1) groundwater background, (2) MCLs, and (3) tap-water preliminary 
remediation goals (PRGs) for those constituents without MCLs.  
 
As indicated in Table F-1, groundwater background at the time of the Risk Characterization 
Report (DOE 2005) was defined by the maximum concentration of each COC detected through 
2004 in hydrostatic unit (HSU)-1 well UCD-1-018, located upgradient of the DOE Areas of the 
LEHR. As part of this Five-Year Review, HSU-1 groundwater background has been updated 
using wells UCD1-018 and UCD1-063 monitoring data collected in 2011 and 2012. Additional 
detail on the groundwater analyses is provided in the Final 2012 Comprehensive Annual Water 
Monitoring Report for the Laboratory for Energy-Related Health Research/Old Campus Landfill 
Superfund Site, University of California, Davis (Weiss 2014). Table F-1 also lists the regulatory 
levels at the time of the Risk Characterization Report and the current regulatory levels. The only 
groundwater COCs for which regulatory levels have changed in the past 10 years are those of 
hexavalent chromium and molybdenum.  
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Table F-1. Five-Year Review of Groundwater Basis for Designated Levels in DOE Areas 
 

Groundwater 
COC Units 

HSU-1 
Background 
at Time of 

SWRA 

Current 
HSU-1 

Backgrounda 

Regulatory 
Level at 
Time of 
SWRA 

Current 
Regulatory 

Level 
Current Regulatory-

Level References 

Carbon-14 pCi/L 3.5 7 2,000 2,000 MCL (SWRCB 2015a) 

Cesium-137 pCi/L 1 5 200 200 MCL (SWRCB 2015a) 

Total chromium µg/L 25 43.7 50 10 California EPA MCLb 
(SWRCB 2015a) 

Chromium 
(hexavalent) µg/L 39.4 40 50 10 California EPA MCL 

(SWRCB 2015a) 

Formaldehyde µg/L 1,140 13 100 100 
California Notification 
Level 
(SWRCB 2015b) 

Mercury µg/L 0.1 0.0479 2 2 MCL (SWRCB 2015a) 

Molybdenum µg/L 14.9 3.13 180 100 RSL (EPA 2015a) 

Nitrate as N mg/L 25.1 15 10 10 MCL (SWRCB 2015a) 

Radium-226 pCi/L 1.14 1.17 5 5 Public Health Goals 
(SWRCB 2015a) 

Selenium µg/L 5.67 1.74 50 50 MCL (SWRCB 2015a) 

Silver µg/L 5 1 100 100 Secondary MCLs  
(EPA 2015b) 

Strontium-90 pCi/L 1.7 1 8 8 MCL (SWRCB 2015a) 
Notes: 
a Groundwater background determined from wells UCD1-018 and UCD1-063 monitoring data collected in 2011 and 

2012 (Weiss 2014). 
b Based on an assumption that total chromium is 100 percent hexavalent. 
 
Abbreviations:  
EPA = U.S. Environmental Protection Agency RSL = regional screening level 
µg/L = micrograms per liter SWRA = Sitewide Risk Assessment 
mg/L = milligrams per liter SWRCB = State Water Resources Control Board  
pCi/L = picocuries per liter   
 
 
At the time of the Risk Characterization Report (DOE 2005), there was no MCL specifically for 
hexavalent chromium; therefore, the 50 micrograms per liter (µg/L) California MCL for total 
chromium was applied to both total chromium and hexavalent chromium results. In July 2014, 
California established an MCL of 10 µg/L for hexavalent chromium. On the basis of the 
assumption that the total dissolved chromium in site groundwater is 100 percent hexavalent 
chromium, this new MCL applies to both total chromium and hexavalent chromium results. 
During the past 10 years, the PRG (now referred to as regional screening level or RSL) for 
molybdenum was reduced from 180 to 100 µg/L.  
 
Table F-2 shows the Risk Characterization Report soil remediation goals for the protection of 
groundwater (which are also in the ROD1 [DOE 2009]), as well as updated goals calculated for 
this Five-Year Review based on the revised groundwater background and regulatory values. 
 
 
 
                                                 
1 See Table 2−8, Remediation Goals for the Protection of Groundwater. 
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Table F-2. Five-Year Update of Soil Remediation Goals for the Protection of Groundwater
 

Data Source Constituents of 
Concern in Soila 

Maximum Soil 
Concentrationb 

Background 
Remediation 

Goalc 

MCL 
Remediation 

Goald 
Domestic Septic System 3 

SWRA 
Nitrate as N 106 

36e 36e 

Five Year Review 36e 36e 

SWRA 
Formaldehyde 2.2 

0.167 0.0151f 

Five Year Review 0.0019 0.0151f 

SWRA 
Molybdenum 2.5 

<0.26e 3.11g 

Five Year Review <0.26e 1.73i 

Domestic Septic System 4 
SWRA 

Selenium 2.0h 4.0 35 

Five Year Review 1.23 35 

Dry Wells A–E 
SWRA 

Chromium 245 
181e 181e 

Five Year Review 181e 181e 

SWRA Hexavalent 
chromium 1.62 

1.3e 1.3e 

Five Year Review 1.3e 1.3e 

SWRA 
Mercury 5.3 

0.63e 0.63e 

Five Year Review 0.63e 0.63e 

SWRA 
Molybdenum 1.3 

0.30 3.6g 

Five Year Review <0.26e 2.0i 

SWRA 
Silver 53.8 

0.55e 0.83 

Five Year Review 0.55e 0.83 

SWRA 
Cesium-137 0.191 

0.1 20j 

Five Year Review 0.5 20j 

SWRA 
Strontium-90 0.176 

0.0595 0.28 

Five Year Review 0.056e 0.28 

Radium/Strontium Treatment Systemsk 
SWRA 

Nitrate as N 304 
36e 36e 

Five Year Review 36e 36e 

SWRA 
Carbon-14 2.41 

0.13e 2.34k,l 

Five Year Review 0.13e 2.34k,l 

SWRA 
Radium-226 1.72m 0.752e 1.9 

Five Year Review 0.752e 1.9 

Southwest Trenches 
SWRA 

Nitrate as N 909 
36e 36e 

Five Year Review 36e 36e 

SWRA 
Carbon-14 5.84 

0.13e 0.292k,l 

Five Year Review 0.13e 0.292k,l 
 
  



 
Table F-2 (continued). Five-Year Update of Soil Remediation Goals for the Protection of Groundwater 
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Notes: 
Chemical and nonradioactive element concentrations are expressed in milligrams per kilogram (mg/kg); radionuclide 
concentrations are expressed in picocuries per gram (pCi/g). 
a Unsaturated soil contaminant with potential to impact groundwater. 
b Maximum level of the specified constituent detected in soil samples collected from the specified DOE area. 
c Soil concentration predicted by transport modeling, above which groundwater impacts in excess of site background 

are possible. The calculated remediation goals are expressed as dry weight. 
d Soil concentration predicted by transport modeling, above which groundwater impacts above California drinking 

water maximum contaminant level may occur, unless noted. The calculated remediation goals are expressed as 
dry weight. 

e Soil background concentration was selected as the remediation goal because the calculated remediation 
goal is below the soil background concentration. Calculated remediation goals are presented in the Risk 
Characterization Report (DOE 2005). 

f Based on the California Department of Public Health Notification Level of 100 micrograms per liter (California Health 
and Safety Code 116455).  

g Based on the EPA Region 9 preliminary remediation goal for tap water (EPA 2015b). 
h Residual selenium soil concentrations exceeded soil background in 23 percent of the samples collected, and 

modeling suggests that selenium concentrations in the soil are unlikely to impact groundwater at levels that 
exceed the remediation goals. However, selenium was retained as a COC due to its presence (one result) in 
a downgradient HSU-1 well at a concentration slightly above groundwater background. 

I Based on the EPA Region 9 regional screening level for tap water (EPA 2015b). 
j Based on the 4-millirem-per-year federal MCL for beta particles and photon emitters (EPA 2000). 
k The Ra/Sr Treatment Systems area is inclusive of DSS 2. 
l The different MCL remediation goals for the Ra/Sr Treatment Systems and Southwest Trenches areas reflect the 

observed vertical distribution of contamination in these areas. 
m The sample containing the maximum radium-226 result in the Ra/Sr Treatment Systems area was re-collected 

and reanalyzed. The reported maximum value is the average of the initial result (1.81 pCi/g) and the re-collected 
sample result (1.63 pCi/g).  

 
Abbreviations: 
COC = constituent of concern 
EPA = United States Environmental Protection Agency 
pCi/g = picocuries per gram  
SWRA = Sitewide Risk Assessment 
 
 
As shown in Table F-2, the only changes in the MCL-based soil remediation goals from those 
presented in the Risk Characterization Report (DOE 2005) are for molybdenum in the DSS 3 area 
and the Dry Wells A-E area.  
 
The molybdenum MCL remediation goal for the DSS 3 area decreased from the Risk 
Characterization Report (DOE 2005) value of 3.11 to 1.73 mg/kg and is now below the 
maximum soil concentration of 2.5 mg/kg that was detected in the area. However, as presented 
in Appendix C, groundwater molybdenum concentrations for this area (monitoring 
well UCD1-069) remain below groundwater background and baseline and show no increasing 
trend over time. The molybdenum MCL remediation goal for the Dry Wells A–E area decreased 
from 3.6 to 2.0 mg/kg, but both of these concentrations are above the maximum soil 
concentration detected in this area, so this change has no potential impact on the protectiveness 
of the remedy. As shown in Table F-2, background-based remediation goals for formaldehyde in 
the DSS 3 area, selenium in the DSS 4 area, and molybdenum, cesium-137, and strontium-90 in 
the Dry Wells A–E area changed in response to the new groundwater background levels. For 
selenium in the DSS 4 area, the background-based goal was previously above but is now below 
the maximum soil concentration detected in the area (1.23 mg/kg goal compared with 2.0 mg/kg 
maximum). However, as presented in Appendix C, groundwater selenium concentrations for this 
area (well UCD1-068) show no increasing trend and are generally below baseline concentrations. 
For cesium-137 in the Dry Wells A–E area, both the new background-based goal and the 
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MCL-based goal are now above the maximum soil concentration detected in the area  
(see Table F-2). Additionally, as presented in Appendix C, groundwater cesium-137 
concentrations for this area (wells UCD1-054 and UCD1-071) have been consistently below 
baseline and background concentrations and show no increasing trend over time. Therefore, 
cesium-137 is being removed as a groundwater impact COC for the Dry Wells A–E area 
(see Appendix C). Although groundwater background levels also changed for other COCs and 
the hexavalent chromium MCL was lowered, these background remediation goals and MCL 
remediation goal did not change because the calculated remediation goals remained below the 
soil background concentrations; therefore, the soil background concentrations remain the 
remediation goals for these COCs. 
 
In conclusion, two MCLs and all of the background concentrations for those constituents 
identified as groundwater impact COCs have changed over the past 5 years. These changes do not 
impact the protectiveness of the remedy in terms of potential soil constituent impact on 
groundwater. After an evaluation of the increase in cesium-137 groundwater background 
concentration, this constituent is no longer considered a groundwater impact COC for the Dry 
Wells A–E Area. 
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G1.0 Introduction 
  
Chemical exposure and toxicity updates for chemical constituents of concern (COCs) for the 
U.S. Department of Energy (DOE) Areas at the Laboratory for Energy-Related Health Research 
(LEHR) are discussed in this appendix, followed by updated radiological risk assessment 
calculations using the most recent version of RESRAD Onsite (ANL 2014). 
 
G1.2 Parameters and Equations for Chemical Exposure and Toxicity 
 
Parameter values and intake equations used in the Site-Wide Risk Assessment, Volume 1: Human 
Health Risk Assessment, LEHR/SCDS Environmental Restoration (SWRA) (UC Davis 2004) 
were evaluated and updated to current practice. A record of the updates is presented in 
detail below. 
 
G1.2.1 Residential Exposure 
 
Child and adult exposures were summed in the SWRA to estimate an age-adjusted adult exposure 
for hypothetical future onsite residents. Resident adult and child parameter values used in the 
SWRA were compared to recommended values presented in the California Department of Toxic 
Substances Control (DTSC) Note 1 default exposure factors (DTSC 2014b) and the 
U.S. Environmental Protection Agency’s (EPA) 2014 Update of standard exposure factors 
(EPA 2014) when available. Other sources of information such as the Risk Assessment Guidance 
for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) (EPA 2004), Risk 
Assessment Guidance for Superfund (Part F, Supplemental Guidance for Inhalation Risk 
Assessment) (EPA 2009), EPA Exposure Factors Handbook 2011 Edition (2011 Handbook) 
(EPA 2011), Farm Food Chain Module: Background and Implementation for the Multimedia, 
Multipathway and Multireceptor Risk Assessment (3MRA) Model for HWIR99 (EPA 1999a), and 
residential gardening information for the Davis (UC Davis 2008) and Sacramento  
(UC ANR 2015) areas were used as needed for this evaluation. 
 
G1.2.1.1 Residential Soil Ingestion 
 
The comparison between parameters used in the SWRA (UC Davis 2004) and values 
recommended in the DTSC’s Note 1 and EPA’s 2014 Update for the soil ingestion pathway is 
shown in Table G-1. 
 
The DTSC’s Note 1 and EPA’s 2014 Update recommend a shorter exposure duration and greater 
body weight for residential adults compared to the values used in the SWRA. There are no 
differences in resident child values. EPA’s 2014 Update recommends a 24-hour per day exposure 
time for residents. Residential exposure time was not used in the SWRA, and its absence is 
equivalent to assuming a 24-hour per day exposure. For this evaluation, no changes were made 
to the soil ingestion equation or the values used in the SWRA, except the adult exposure duration 
and body weight were updated to the values recommended in the DTSC’s Note 1 and EPA’s 
2014 Update. 
 
The cancer averaging time of 70 years (or 25,550 days) was not changed for this evaluation. 
For age-adjusted adults, the non-cancer averaging time is equal to the sum of resident adult and 
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child exposure durations. The non-cancer averaging time used in this evaluation (26 years or 
9,490 days) was 4 years shorter than that of the SWRA because the resident adult exposure 
duration was reduced by 4 years as shown in Table G-1. 
 

Table G-1. Residential Soil Ingestion Comparison Parameters 
 

2004 Site-wide Risk Assessment Values Recommended Values from DTSC Note 1 
and EPA 2014 Update 

Resident Adult Soil Ingestion Rate (mg/day) 100 Resident Adult Soil Ingestion Rate (mg/day) 100 

Resident Child Soil Ingestion Rate (mg/day) 200 Resident Child Soil Ingestion Rate (mg/day) 200 

NAa NA Resident Soil Exposure Time (hours/day) 24 
Resident Adult and Child Exposure 
Frequency (days/year) 350 Resident Adult and Child Exposure 

Frequency (days/year) 350 

Resident Adult Exposure Duration (years) 24 Resident Adult Exposure Duration (years) 20 

Resident Child Exposure Duration (years) 6 Resident Child Exposure Duration (years) 6 

Resident Adult Body Weight (kilograms) 70 Resident Adult Body Weight (kilograms) 80 

Resident Child Body Weight (kilograms) 15 Resident Child Body Weight (kilograms) 15 

Averaging Time,b cancer (days) 25,550 Averaging Time,b cancer (days) 25,550 
Age-Adjusted Resident Averaging Time,c 
non-cancer (days) 10,950 Age-Adjusted Resident Averaging Time,c 

non-cancer (days) 9,490 

Notes: 
a See discussion in Section G1.2.1.1. 
b Averaging Time, cancer (days) = 365 days/year × 70-year lifetime. 
c Averaging Time, non-cancer (days) = 365 days/year × sum of adult and child exposure durations (years). 
 
Abbreviations: 
mg/day = milligrams per day 
NA = not applicable 
 
 
G1.2.1.2 Residential Dermal Contact 
 
The parameter value comparison for dermal contact is shown in Table G-2. 
 
Residential adult skin surface area, body weight, and exposure duration were changed to the 
values given in the DTSC’s Note 1 and EPA’s 2014 Update. In addition, the residential child 
skin surface area was changed to the DTSC’s Note 1 value of 2,999 square centimeters, which is 
slightly more conservative than the EPA’s 2014 Update value of 2,690 square centimeters. No 
other changes were made to the dermal contact values used in the SWRA. 
 
The intake equation in the SWRA uses an Event Frequency (events per day) instead of an exposure 
time in hours per day as given in the EPA’s 2014 Update. The intake equation was not modified to 
incorporate exposure time because an event frequency of once per day is equivalent to an exposure 
time of 24 hours per day after unit conversion. 
 
A search was conducted to determine if more recent chemical-specific dermal absorption factors 
were published by the EPA since the SWRA was issued. The most recent document identified in 
the search was the EPA’s Supplemental Guidance for Dermal Risk Assessment (EPA 2004) 
which was published shortly after the SWRA was issued. These dermal absorption factors 
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published by the EPA were verified to be the same as those used in the SWRA. No changes to 
dermal absorption factors were made. 
 

Table G-2. Residential Dermal Contact Comparison Parameters 
 

2004 Site-wide Risk Assessment Values Recommended Values from DTSC Note 1 
and EPA 2014 Update 

Resident Adult Skin Surface Area (cm2) 5,700 Resident Adult Skin Surface Area (cm2) 6,032 
Resident Child Skin Surface Area (cm2) 2,800 Resident Child Skin Surface Area (cm2) 2,900a 
Resident Adult Soil Adherence Factor 
(mg/cm2) 0.07 Resident Adult Soil Adherence Factor 

(mg/cm2) 0.07 

Resident Child Soil Adherence Factor 
(mg/cm2) 0.2 Resident Child Soil Adherence Factor 

(mg/cm2) 0.2 

Dermal Absorption Factor Chemical 
specificb Dermal Absorption Factor NA 

Resident Adult and Child Event Frequency 
(events/day) 1 Resident Adult and Child Soil Exposure 

Time (hours/day) 24 

Resident Adult and Child Exposure 
Frequency (days/year) 350 Resident Adult and Child Exposure 

Frequency (days/year) 350 

Resident Adult Exposure Duration (years) 24 Resident Adult Exposure Duration (years) 20 
Resident Child Exposure Duration (years) 6 Resident Child Exposure Duration (years) 6 
Resident Adult Body Weight (kilograms) 70 Resident Adult Body Weight (kilograms) 80 
Resident Child Body Weight (kilograms) 15 Resident Child Body Weight (kilograms) 15 
Averaging Time,c cancer (days) 25,550 Averaging Time,c cancer (days) 25,550 
Age-Adjusted Resident Averaging Time,d 

non-cancer (days) 10,950 Age-Adjusted Resident Averaging Time,d 
non-cancer (days) 9,490 

Notes: 
a DTSC Note 1 value used; EPA 2014 Update value of 2,690 cm2 is less conservative.  
b See discussion in Section G1.2.1.2. 
c Averaging Time, cancer (days) = 365 days/year × 70-year lifetime. 
d Averaging Time, non-cancer (days) = 365 days/year × sum of adult and child exposure durations (years). 
 
Abbreviations: 
cm2 = square centimeters 
mg/cm2 = milligrams per square centimeter 
NA = not applicable 
 
 
G1.2.1.3 Residential Plant Ingestion 
 
The DTSC’s Note 1 and EPA’s 2014 Update do not provide values for home-grown produce 
ingestion rates, soil-to-plant transfer coefficients, or contaminated plant fraction. Supplemental 
sources of information were located and used to verify and/or update the plant-specific values as 
presented below. The comparisons between SWRA values and recent agency recommendations 
for exposure frequency, exposure duration, body weight, and averaging time follow the plant 
information. 
 
Home-Grown Produce Ingestion Rates 
 
Onsite residential plant ingestion was divided into aboveground fruit/vegetable and belowground 
fruit/vegetable categories in the SWRA (UC Davis 2004). Ingestion rates used in the SWRA 
were reported as kilograms dry weight per day (kg DW/day). More recent ingestion rates for 
home-produced fruits and vegetables were published in the 2011 Handbook (EPA 2011). 
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The 2011 Handbook provides ingestion rates for fruits and vegetables separately and according 
to nine age categories for mean and 95th percentile rates (Table 9-1, 2011 Handbook). The 2011 
Handbook’s rates are reported as grams wet weight per kilogram body weight per day. Thus, the 
values provided in the 2011 Handbook require conversion from wet weight to dry weight and 
must be multiplied by the receptor body weight to convert to kg DW/day. The 2011 Handbook 
provides a table of mean moisture content for selected fruits and vegetables that can be used 
to convert wet weight to dry weight. The residential receptor body weights are 80 kilograms per 
adult and 15 kilograms per child. 
 
A search was conducted to identify likely fruits and vegetables that can be grown in a residential 
garden in the Davis area. The Vegetable Planting Guide for the Sacramento Area, published by 
the UC Davis Department of Plant Sciences (UC Davis 2008) was reviewed for vegetables and 
garden fruits. Tomatoes, broccoli, carrots, peppers, corn, lettuce, spinach, green beans, and 
squash were selected from the Planting Guide as representative vegetables; melons were selected 
from the Planting Guide as a representative garden fruit. Although corn is a grain, it was selected 
as a vegetable due to its popularity in residential gardening. The Home Orchard pages on the 
Sacramento County Master Gardeners website (UC ANR 2015) were reviewed to identify fruit 
trees that can be grown at a residence in the vicinity of the site. Peaches, plums, apricots, 
cherries, and nectarines were selected from the Home Orchard information. 
 
Moisture content data are published in Table 9-37 of the 2011 Handbook (EPA 2011) for 
garden produce including data for raw and cooked states. The most likely ingested state of each 
produce item (raw or cooked) and its associated moisture content was selected as shown in 
Attachment G-1. Dry weight conversion factors were determined by averaging the moisture 
contents for the fruits and vegetables selected above (87 and 89 percent, respectively). The 
percent dry weight is 1.0 minus the moisture content. 
 
The 95th percentile ingestion rates of home-produced food for populations that garden or farm, 
adjusted for preparation and post-cooking losses, were obtained from Table 13-1 of the 2011 
Handbook (EPA 2011). Table 13-1 values for ages 1 to less than 6 years were averaged to obtain 
child fruit and vegetable ingestion rates; values for ages 6 and up were averaged to obtain adult 
fruit and vegetable ingestion rates. The age-averaged values in grams wet weight per kilogram 
body weight per day were multiplied by the percent dry weight, receptor body weight, and 
1 kilogram per 1,000 grams to obtain ingestion rates in kilograms dry weight per day 
(see Attachment G-1). 
 
A comparison of SWRA plant ingestion rates to the rates determined using the 2011 Handbook 
data is presented in Table G-3. 
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Table G-3. Plant Ingestion Rate Comparison Parameters 
 

2004 Site-wide Risk Assessment Values 2011 Handbook Dataa 
Child 

(kg DW/day) 
Ages birth to <6 years 

(kg DW/day) 
Aboveground fruit/vegetable 0.0609 Fruit 0.0086 

Belowground fruit/vegetable 0.0033 Vegetable 0.0108 
Adult 

(kg DW/day) 
Ages 6 to 50+ years 

(kg DW/day) 
Aboveground fruit/vegetable 0.0179 Fruit 0.0103 

Belowground fruit/vegetable 0.0098 Vegetable 0.028 
Note: 
a EPA Exposure Factors Handbook, 2011 Edition. 
 
 
The 2011 Handbook does not distinguish between aboveground and belowground produce. 
To enable the comparison, aboveground fruit/vegetable ingestion rates from the SWRA were 
compared to fruit ingestion rates determined from 2011 Handbook data. Likewise, belowground 
fruit/vegetable ingestion rates from the SWRA were compared to vegetable ingestion rates 
determined from 2011 Handbook data. Fruit ingestion rates determined from 2011 Handbook 
data were lower than aboveground fruit/vegetable ingestion rates used in the SWRA. Vegetable 
ingestion rates determined from the 2011 Handbook data were higher than belowground fruit/ 
vegetable ingestion rates used in the SWRA. The values calculated from the 2011 Handbook 
data were used in the risk update. 
 
Soil-to-Plant Transfer Coefficients 
 
One of the parameters used in the SWRA to calculate uptake rates from plant ingestion was 
the chemical-specific soil-to-plant transfer coefficient (TCs-p), also known as the plant-soil 
bioconcentration factor (BCF). EPA’s Farm Food Chain Module (EPA 1999a) was the source of 
organic chemical TCs-p values used in the SWRA. Most of the TCs-p values were calculated 
according to the formula 
 

TCs-p = antilog10 (1.588 − 0.578 log10 Kow) 
 
where Kow is the octanol–water partition coefficient. 
 
This formula originates from a bioconcentration study published in the journal Environmental 
Science and Technology (Travis and Arms 1988) and remains widely used to calculate TCs-p for 
organic chemicals (LBNL 2007). The organic chemical human health constituents of concern 
(organic HH COCs) are: 

1. Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene at Domestic Septic System 4 
(DSS 4) 

2. Dieldrin at the Eastern Dog Pens (EDPs) 
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The organic HH COCs at DSS 4 belong to a class of compounds called polycyclic aromatic 
hydrocarbons (PAHs), and their TCs-p values reported in the SWRA (Table D.11, Appendix D; 
UC Davis 2004) were ≤0.02, except for the TCs-p value for benzo(k)fluoranthene reported as 1. 
The TCs-p value for benzo(k)-fluoranthene was questioned because it is expected to be 
chemically similar to the other PAHs.  
 
The Travis and Arms formula was used to verify TCs-p values for organic HH COCs, and the 
results showed: 

1. Benzo(k)fluoranthene TCs-p = 0.011 

2. TCs-p values from the SWRA were confirmed for benzo(a)anthracene, benzo(a)pyrene, 
dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, and dieldrin 

3. Benzo(b)fluoranthene TCs-p = 0.018 (SWRA reported TCs-p = 0.01) 
 
The corrected TCs-p values for benzo(k)fluoranthene and benzo(b)fluoranthene and the confirmed 
values for the other five organic HH COCs were used in this evaluation. The calculations were 
performed with a hand calculator and log10 Kow values obtained from the EPA Region 9 table 
of chemical specific parameters (EPA 2015b). 
 
Contaminated Plant Fraction 
 
The SWRA used a contaminated plant fraction (CPF) of 0.4 referenced to the EPA’s Soil 
Screening Guidance: User’s Guide (EPA 1996). A review of the Soil Screening Guidance 
indicated that this value originated from the 1990 version of EPA’s Exposure Factors Handbook. 
The 2011 Handbook (EPA 2011) was searched for contaminated plant fractions, but none were 
readily available. The CPF of 0.4 used in the SWRA was used in this evaluation. 
 
Standard Exposure Parameters in the Plant Ingestion Pathway 
 
Exposure parameters used to calculate uptake for the plant ingestion pathway were discussed 
above except for exposure frequency, exposure duration, body weight, and averaging time. The 
comparison between values used in the SWRA and those recommended in the DTSC’s Note 1 
and EPA’s 2014 Update is shown in Table G-4. 
 
Residential adult exposure duration and body weight were changed to the values given in the 
DTSC’s Note 1 and EPA’s 2014 Update. No other changes were made from the plant ingestion 
values used in the SWRA. 
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Table G-4. Plant Ingestion Pathway Standard Exposure Comparison Parameters 
 

2004 Site-wide Risk Assessment Values Recommended Values from DTSC Note 1 
and EPA 2014 Update 

Resident Adult and Child Exposure 
Frequency (days/year) 350 Resident Adult and Child Exposure 

Frequency (days/year) 350 

Resident Adult Exposure Duration (years) 24 Resident Adult Exposure Duration (years) 20 

Resident Child Exposure Duration (years) 6 Resident Child Exposure Duration (years) 6 

Resident Adult Body Weight (kilograms) 70 Resident Adult Body Weight (kilograms) 80 

Resident Child Body Weight (kilograms) 15 Resident Child Body Weight (kilograms) 15 

Averaging Time,a cancer (days) 25,550 Averaging Time,a cancer (days) 25,550 
Age-Adjusted Resident Averaging Time,b 
non-cancer (days) 10,950 Age-Adjusted Resident Averaging Time,b 

non-cancer (days) 9,490 

Notes: 
a Averaging Time, cancer (days) = 365 days/year × 70-year lifetime. 
b Averaging Time, non-cancer (days) = 365 days/year × sum of adult and child exposure durations (years). 
 
 
G1.2.1.4 Residential Dust Inhalation 
 
Dust inhalation intake was calculated in the SWRA as milligrams per kilogram-day (mg/kg-day), 
but inhalation exposure calculations currently calculate risk using an exposure concentration in 
micrograms per cubic meter (μg/m3). As shown in current EPA guidance (EPA 2009), the 
equation for calculating the inhalation exposure concentration is 
 

EC = (CA × ET × EF × ED)/AT, 

where  

EC (μg/m3) = exposure concentration, 

CA (μg/m3) = contaminant concentration in air (CA = CS/PEF discussed below), 

ET (hours/day) = exposure time, 

EF (days/year) = exposure frequency, 

ED (years) = exposure duration, and 

AT (lifetime in years × 365 days/year × 24 hours/day) = averaging time. 
 
The inhalation exposure calculation used in the SWRA required a receptor inhalation rate and 
body weight and did not account for the receptor’s exposure time (hours per day). The dust 
inhalation approach used in the SWRA was dismissed and replaced with the equation above. 
 
The contaminant concentration in air (CA) is calculated using the contaminant concentration in 
soil (CS) divided by a particulate emission factor (PEF). For hypothetical future residents, the 
SWRA referenced a PEF published in 2002 by the EPA Region 9 for calculating Preliminary 
Remediation Goals (PRGs) (7.0 × 107 cubic meters per kilogram [m3/kg]). The DTSC Note 1 
recommends a residential receptor PEF of 1.36 × 109 m3/kg, but the EPA’s 2014 Update does not 
provide a recommended residential receptor PEF. The DTSC’s Note 1 residential receptor PEF 
was used in this evaluation.  
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The site-specific residential PEFs for the DSS 4 area and the EDPs are 1.9 × 1010 m3/kg and 
1.2 × 1012 m3/kg, respectively. Copies of the PEF calculations are included in Attachments G-2a 
and G-2b, respectively.  
 
Comparisons between values used in the SWRA for dust inhalation and those recommended in 
the DTSC’s Note 1 and EPA’s 2014 Update are shown in Table G-5. 
 
Residential adult exposure duration was changed to the value given in the DTSC’s Note 1 and 
EPA’s 2014 Update. A resident adult and child exposure time of 24 hours per day was added to 
satisfy the new calculation approach. No other changes were made to the dust inhalation 
parameter values. 
 

Table G-5. Residential Dust Inhalation Exposure Comparison Parameters 
 

2004 Site-wide Risk Assessment Values Recommended Values from DTSC Note 1 
and EPA 2014 Update 

Inhalation Rate (m3/day) 20 Inhalation Rate (m3/day) NAa 

Particulate Emission Factor (m3/kg) 7.0 × 107 Particulate Emission Factor (m3/kg)  1.36 x 109 b  
Resident Adult and Child Air Exposure 
Time  NAa Resident Adult and Child Air Exposure 

Time (hours/day) 24 

Resident Adult and Child Exposure 
Frequency (days/year) 350 Resident Adult and Child Exposure 

Frequency (days/year) 350 

Resident Adult Exposure Duration (years) 24 Resident Adult Exposure Duration (years) 20 

Resident Child Exposure Duration (years) 6 Resident Child Exposure Duration (years) 6 

Averaging Time,c cancer (days) 25,550 Averaging Time,c cancer (days) 25,550 
Age-Adjusted Resident Averaging Time,d 

non-cancer (days) 10,950 Age-Adjusted Resident Averaging Time,d 
non-cancer (days) 9,490 

Notes: 
a Discussed in Section G1.2.1.4. 
b DTSC Note 1 residential value. No value available in EPA 2014 Update.  
c Averaging Time, cancer (days) = 365 days/year × 70-year lifetime. 
d Averaging Time, non-cancer (days) = 365 days/year × sum of adult and child exposure durations (years). 
 
Abbreviations: 
m3/day = cubic meters per day 
NA = not applicable 
 
 
G1.2.2 Construction Worker Exposure 
 
Construction worker parameter values used in the SWRA (UC Davis 2004) were referenced to 
the Supplemental Guidance (EPA 2002). The DTSC’s Note 1 provides recommended values for 
construction worker exposure. Most of the recent exposure data provided in the 2011 Handbook 
(EPA 2011) and EPA’s 2014 Update (EPA 2014) were not readily applicable to the construction 
worker scenario except increased body weight and skin surface area. The EPA’s 2014 Update 
did not provided recommended values for construction worker exposure and was not used.  
 
G1.2.2.1 Construction Worker Soil Ingestion 
 
The parameter comparison for construction worker soil ingestion pathway is shown in 
Table G-6. Parameter values used in the SWRA for construction worker soil ingestion were 
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equivalent to the values recommended in the DTSC Note 1, except body weight. The body 
weight was changed to 80 kilograms for this evaluation. 
 

Table G-6. Construction Worker Soil Ingestion Comparison Parameters 
 

Exposure Parameter 2004 Site-wide Risk 
Assessment Values 

Recommended Values 
from DTSC Note 1 

Construction Worker Soil Ingestion Rate (mg/day) 330 330 

Construction Worker Exposure Frequency (days/year) 250 250 

Construction Worker Exposure Duration (years) 1 1 

Construction Worker Body Weight (kilograms) 70 80 

Construction Worker Averaging Time,a cancer (days) 25,550 25,550 

Construction Worker Averaging Time,b non-cancer (days) 365 365 
Notes: 
a Averaging Time, cancer (days) = 365 days/year × 70-year lifetime. 
b Averaging Time, non-cancer (days) = 365 days/year × exposure durations (years). 
 
Abbreviations: 
mg/day = milligrams per day 
 
 
G1.2.2.2 Construction Worker Dermal Contact  
 
The comparison for construction worker dermal contact is shown in Table G-7. Construction 
worker skin surface area, soil adherence factor, and body weight were changed to the values 
given in the DTSC’s Note 1. The daily exposure time was updated from an “Event Frequency” 
of one event per day to the standard worker exposure time of 8 hours per day. The conversion 
factor in the dermal exposure equation was updated to account for the change from a unitless 
“Event Frequency” to an exposure time in hours per day. 
 

Table G-7. Construction Worker Dermal Contact Comparison Parameters 
 

Exposure Parameter 2004 Site-wide Risk 
Assessment Values 

Recommended 
Values from DTSC 

Note 1 
Construction Worker Skin Surface Area (cm2) 3,300 6,032 

Construction Worker Soil Adherence Factor (mg/ cm2) 0.3 0.8 

Dermal Absorption Factor Chemical specifica NA 

Construction Worker Event Frequency (events/day) 1 8 

Construction Worker Exposure Frequency (days/year) 250 250 

Construction Worker Exposure Duration (years) 1 1 

Construction Worker Body Weight (kilograms) 70 80 

Construction Worker Averaging Time,b cancer (days) 25,550 25,550 

Construction Worker Averaging Time,c non-cancer (days) 365 365 
Notes: 
a Discussed in Section G1.2.2.2. 
b Averaging Time, cancer (days) = 365 days/year × 70 year lifetime. 
c Averaging Time, non-cancer (days) = 365 days/year × exposure durations (years). 
 
Abbreviations: 
cm2 = square centimeter 
mg/cm2 = milligrams per square centimeter 
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A search was conducted to determine if more recent chemical-specific dermal absorption factors 
were published by the EPA since the SWRA was issued. The most recent document identified 
in the search was the EPA’s Supplemental Guidance for Dermal Risk Assessment (EPA 2004), 
which was published shortly after the SWRA was issued. The slightly more recent dermal 
absorption factors published by the EPA were verified to be the same as those used in the 
SWRA. No changes to dermal absorption factors were made. 
 
G1.2.2.3 Construction Worker Dust Inhalation  
 
The comparison for construction worker dust inhalation is shown in Table G-8. Dust inhalation 
intake in units of mg/kg-day was calculated in the SWRA (UC Davis 2004), but current EPA 
guidance (EPA 2009) involves calculating an inhalation exposure concentration in units 
of μg/m3. The current calculation procedure is presented in Section G1.2.1.4 and no longer uses 
a receptor inhalation rate or body weight but accounts for the receptor’s exposure time 
(hours per day). The DTSC’s Note 1 construction worker PEF of 1 × 106 was used.  
 

Table G-8. Construction Worker Dust Inhalation Comparison Parameters 
 

Exposure Parameters 
2004 Site-wide Risk Assessment Values  

2004 Site-wide Risk 
Assessment Values 

Recommended 
Values from DTSC 

Note 1 
Inhalation Rate (m3/day) 20 NAa 

Particulate Emission Factor (m3/kg) 7.0 × 107 1 x 106  

Worker Air Exposure Time  NAa 8 

Construction Worker Exposure Frequency (days/year) 250 250 

Construction Worker Exposure Duration (years) 1 1 

Construction Worker Body Weight (kilograms) 70 NAa 

Construction Worker Averaging Time,b cancer (days) 25,550 25,550 

Construction Worker Averaging Time,c non-cancer (days) 365 365 
Notes: 
a Previously discussed in Section G1.2.1.4. 
b Averaging Time, cancer (days) = 365 days/year × 70-year lifetime. 
c Averaging Time, non-cancer (days) = 365 days/year × exposure durations (years). 
 
Abbreviations: 
hr/hr = hour per hour 
m3/day = cubic meters per day 
NA = not applicable 
 
 
G1.3 Toxicity 
 
Cancer slope factors and non-cancer reference doses were tabulated in Tables 5.1 through 6.3 
of the SWRA (UC Davis 2004). The SWRA slope factors and reference doses for chemical 
compounds were compared to values most recently published by the State of California Office 
of Environmental Health Hazard Assessment (OEHHA 2011); Regional Screening Levels 
(RSLs) (EPA 2015b) and the EPA Integrated Risk Information System (IRIS) (EPA 2015a). The 
DTSC’s Human Health Risk Assessment Note 3 toxicity criteria (DTSC 2015) were reviewed 
and no chemical toxicity data for the COCs were found. The comparison of chemical toxicity 
values is shown in Tables G-9 and G-10 for oral and inhalation toxicities, respectively.  
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G1.3.1 Oral Cancer Slope Factor 
 
Oral cancer slope factors for PAH compounds were available from the OEHHA and were more 
conservative or equal to the values used in the SWRA. The OEHHA did not publish an oral 
slope factor for dieldrin. Oral cancer slope factors were available in the IRIS database for 
benzo(a)-pyrene and dieldrin only, and their toxicity values are the same as those used in 
the SWRA.  
 

Table G-9. Oral Chemical Toxicity Data 
 

Constituent 
Oral Cancer Slope Factor (mg/kg-day)–1 Oral Reference Dose (mg/kg-day) 

2004 
SWRAa 

OEHHA 
2011b 

IRIS 
2015c 

EPA 
2015d 

2004 
SWRAa 

OEHHA 
2011b 

IRIS 
2015c 

EPA 
2015d 

Benzo(a)anthracene 7.3E-01 1.2E+00 -- 7.3E-01 -- -- -- -- 

Benzo(a)pyrene 7.3E+00 1.2E+01 7.3E+00 7.3E+00 -- -- -- -- 

Benzo(a)fluoranthene 7.3E-01 1.2E+00 -- 7.3E-01 -- -- -- -- 

Benzo(k)fluoranthene 1.2E+00 1.2E+00 -- 7.3E-02 -- -- -- -- 

Dibenzo(a,h)anthracene 4.1E+00 4.1E+00 -- 7.3E+00 -- -- -- -- 

Indeno(1,2,3-cd)pyrene 1.2E+00 1.2E+00 -- 7.3E-01 -- -- -- -- 

Dieldrin 1.6E+01 -- 1.6E+01 1.6E+01 5.0E-05 -- 5.0E-05 5.0E-05 

Notes: 
a UC Davis 2004. 
b OEHHA 2011. 
c EPA 2015a. 
d EPA 2015b. 
 
Abbreviation: 
-- = not available 
 
 

Table G-10. Inhalation Chemical Toxicity Data 
 

Constituent 
Inhalation Cancer Slope 

Factor (mg/kg-day)-1 Inhalation Unit Risk (µg/m3)-1 

2004 SWRAa OEHHA 2011b IRIS 2015c EPA 2015d 
Benzo(a)anthracene 7.3E-01 1.1E-04 NA 1.1E-04 

Benzo(a)pyrene 7.3E+00 1.1E-03 NA 1.1E-03 

Benzo(a)fluoranthene 7.3E-01 1.1E-04 NA 1.1E-04 

Benzo(k)fluoranthene 3.9E-01 1.1E-04 NA 1.1E-04 

Dibenzo(a,h)anthracene 4.2E+00 1.2E-03 NA 1.2E-03 

Indeno(1,2,3-cd)pyrene 3.9E-01 1.1E-04 NA 1.1E-04 

Dieldrin 1.6E+01 -- 4.6E-03 4.6E-03 
Notes: 
a UC Davis 2004. 
b OEHHA 2011. 
c EPA 2015a. 
d EPA 2015b. 
 
Abbreviations: 
NA = not applicable -- = not available  
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Oral cancer slope factors published by the EPA Region 9 for RSLs for benzo(a)pyrene and 
dieldrin are referenced to IRIS, and factors for benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)-pyrene are referenced to the 
EPA’s Environmental Criteria and Assessment Office. The oral cancer slope factors published 
by the EPA Region 9 for RSLs for these seven chemicals were less conservative or equal to the 
values used in the SWRA, except that the value for dibenzo(a,h)anthracene was more 
conservative. 
 
For this evaluation, the most conservative of the recently published oral cancer slope factors 
from the OEHHA, EPA, and IRIS were selected for the seven chemicals: 

1. OEHHA: Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)-
fluoranthene, and indeno(1,2,3-cd)pyrene (OEHHA 2011) 

2. EPA: Dibenzo(a,h)anthracene (EPA 2015b) 

3. IRIS: Dieldrin (EPA 2015a) 
 
G1.3.2 Oral Reference Dose 
 
An oral reference dose was available for dieldrin, but not for the six PAH compounds when 
chemical hazards were estimated in the SWRA (UC Davis 2004). A review of toxicity data 
published by the OEHHA (2011), EPA (2015b), and IRIS (EPA 2015a) indicates no oral reference 
dose changes for these chemical COCs. 
 
G1.3.3 Inhalation Cancer Slope Factors and Unit Risk Factors 
 
Risk estimation procedures for inhalation exposure have changed since the SWRA calculations 
were completed. Inhalation intakes were multiplied by cancer slope factors to estimate risks in 
the SWRA, but the EPA has since adopted an approach that involves multiplying air “exposure 
concentrations” by unit risk factors to estimate inhalation risks (EPA 2009). The most recently 
published inhalation unit risk factors for the seven chemical COCs are shown in Table G-10.  
 
Inhalation unit risk factors were available from the OEHHA for the six PAH compounds but not 
dieldrin. An Inhalation unit risk factor was published in IRIS for dieldrin but not for the PAHs. 
Factors published by the EPA Region 9 for RSLs were referenced to the OEHHA and IRIS 
values. The OEHHA and IRIS unit risk factors were used in this evaluation. 
 
G1.3.4 Non-cancer Inhalation Toxicity Factors 
 
Non-cancer inhalation toxicity values were unavailable from the OEHHA, EPA, or IRIS for the 
seven chemical COCs. 
 
G1.3.5 Chemical Risk Calculation Results 
 
Table G-11 presents the risk results from the SWRA (US Davis 2004) and the risks updated for 
this Five-Year Review. The chemical risk calculation spreadsheets are presented in 
Attachments G-3a through G-3k. Upon recalculation, the total estimated human health risks for 
the DSS 4 area, the EDPs, and Southwest Trenches were either lower or the same as those 
calculated in the SWRA. Recalculated risks to hypothetical future residential receptors at DSS 4 
were higher than those of the SWRA for three PAH compounds, lower for two PAHs, and 
unchanged for one PAH.   
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Table G-11. Human Health Risks by Exposure Route for Contaminants in Soil at the DOE Areas
 

Cancer Risk by Exposure Route 

 Receptor/Constituent 

Exposure 
Point 

Concentration 

(0–10 ft)a  

Soil 
Ingestion 

Soil 
Dermal 

Exposure 

Aboveground 
Plant 

Ingestionb 

Belowground 
Plant 

Ingestionb 

External 
Radiation 

Dust 
Inhalation 

Total  
Cancer Risk 

Domestic Septic System 4, Onsite Resident 
SWRA 

Benzo(a)anthracene 3.8 
4.E-06 1.E-06 9.E-06 1.E-06 NA 3.E-10 2.E-05 

Five Year Review 7.E-06 3.E-06 3.E-06 6.E-06 NA 1.E-10 2.E-05 

 
SWRA 

Benzo(a)pyrene 2.4 
3.E-05 7.E-06 3.E-05 5.E-06 NA 2.E-09 7.E-05 

Five Year Review 4.E-05 2.E-05 1.E-05 2.E-05 NA 7.E-10 9.E-05 

 
SWRA 

Benzo(b)fluoranthene 2.7 
3.E-06 8.E-07 3.E-06 5.E-07 NA 2.E-10 7.E-06 

Five Year Review 5.E-06 2.E-06 2.E-06 4.E-06 NA 8.E-11 1.E-05 

 
SWRA 

Benzo(k)fluoranthene 1.5 
3.E-06 7.E-07 3.E-04 5.E-05 NA 7.E-11 4.E-04 

Five Year Review 3.E-06 1.E-06 7.E-07 1.E-06 NA 4.E-11 6.E-06 

 
SWRA 

Dibenzo(a,h)anthracene 1.1 
7.E-06 2.E-06 4.E-06 6.E-07 NA 5.E-10 1.E-05 

Five Year Review 1.E-05 5.E-06 1.E-06 3.E-06 NA 3.E-10 2.E-05 

 
SWRA 

Indeno(1,2,3-cd)pyrene 0.86 
2.E-06 4.E-07 1.E-06 1.E-07 NA 4.E-11 4.E-06 

Five Year Review 1.E-06 6.E-07 2.E-07 4.E-07 NA 2.E-11 3.E-06 

 
SWRA 

Total 
5.E-04 

Five Year Review 1.E-04 
Domestic Septic System 4, Onsite Construction Worker 

SWRA 
Benzo(a)pyrene 2.4 

8.E-07 3.E-07 NA NA NA 7.E-10 1.E-06 
Five Year Review 1.E-06 7.E-07 NA NA NA 2.E-7 1.E-06 
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Cancer Risk by Exposure Route 

 Receptor/Constituent 

Exposure 
Point 

Concentration 

(0–10 ft)a  

Soil 
Ingestion 

Soil 
Dermal 

Exposure 

Aboveground 
Plant 

Ingestionb 

Belowground 
Plant 

Ingestionb 

External 
Radiation 

Dust 
Inhalation 

Total  
Cancer Risk 

Eastern Dog Pens, Onsite Resident 
SWRA 

Dieldrin 0.019 
5.E-07 9.E-08 2.E-06 2.E-07 NA 4.E-11 3.E-06 

Five Year Review 4.E-07 1.E-07 3.E-07 6.E-07 NA 2.E-14 1.E-06 

 

SWRA 
Strontium-90 0.33c 

4.E-08 NA 1.E-06 NA 5.E-08 5.E-13 1.E-06 

Five Year Review 2.E-08 NA 1.E-06 NA 6.E-08 2E-12 1.E-06 

 
SWRA 

Total 
4.E-06 

Five Year Review 2.E-06 
Southwest Trenches, Onsite Resident 

SWRA 
Strontium-90 0.94 

1.E-07 NA 3.E-06 NA 2.E-07 2.E-12 3.E-06 
Five Year Review 7.E-08 NA 3.E-06 NA 2.E-07 6.E-12 3.E-06 
Notes: 
Source of SWRA data from the Revised LEHR/SCDS Site-Wide Risk Assessment, Volume I: Human Health Risk Assessment, Tables 7 and 8 (UC Davis 2004). 
Constituents and risks are presented here if (1) the constituent is present above site background and if (2) the constituent contributes at least a factor of 1 in 1 million, 
or greater than 10 percent, to the excess cumulative cancer risk for a DOE area and receptor. Only exposure pathways for contaminants in soil at the DOE areas are 
presented here. Exposures to groundwater and surface water contaminants are not included because they will be addressed by the UC Davis Feasibility Study. 
Chemical concentrations are expressed in milligrams per kilogram, and radionuclide concentrations are expressed in picocuries per gram. 
a The 95 percent upper confidence limit on the mean or maximum sample concentration.  
b Home-grown produce; for radionuclides, plant ingestion is not subdivided into aboveground and belowground produce. 
c Exposure point concentration after Eastern Dog Pens maintenance action. 
 
Abbreviations: 
NA = not applicable 
SWRA – Site Wide Risk Assessment 
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Benzo(k)fluoranthene at DSS 4 showed the largest change between risk reported in the SWRA 
(4 × 10−4) and recalculated risk (6 × 10−6). The decrease in benzo(k)fluoranthene risk was due to 
a nearly 2 orders of magnitude correction to the soil-to-plant transfer coefficient used in the 
SWRA. The correction was discussed in detail above. 
 
Increases in estimated risk to hypothetical future residential receptors for three PAH compounds 
at the DSS 4 area were primarily due to updated oral cancer slope factors (Table G-9) and to a 
lesser extent changes in assumed plant ingestion rates based on data from the 2011 Handbook 
(EPA 2011). 
 
Estimated risks to onsite construction workers at DSS 4 showed a slight increase for soil 
ingestion and a slight decrease for dermal contact, resulting in no net change in total estimated 
cancer risk.  
 
The estimated risk to hypothetical future residential receptors from dieldrin at the EDPs was 
slightly lower for soil ingestion, slightly higher for dermal contact, lower for aboveground plant 
ingestion, and higher for belowground plant ingestion. The decrease in aboveground plant 
ingestion risk caused an overall threefold decrease in the total risk across pathways. 
 
The dust inhalation risks for chemical constituents were significantly lower upon recalculation as 
a result of site-specific particulate emission factors determined for DSS 4 and the EDPs. The 
differences in inhalation risk had no effect on the total cancer risk for each chemical because the 
other pathway contributions were several orders of magnitude higher. 
 
 

G2.0 Radiological Risk Calculations 
 
G2.1 Calculations Using RESRAD Onsite 
 
Radiological risks were calculated in the SWRA using Argonne National Laboratory’s Residual 
Radiation computer program RESRAD Onsite version 6.21 (ANL 2002). Risk factors 
(slope factors) selected in RESRAD Onsite version 6.21 for the SWRA were from the 2001 
version of the Health Effects Assessment Summary Tables (HEAST 2001) (EPA 2001). Most 
values in HEAST 2001 were taken from Federal Guidance Report No. 13 (EPA 1999b). 
RESRAD Onsite version 7.0 is the most recent update to the Argonne National Laboratory’s 
Residual Radiation computer program. DOE currently uses Dose Coefficient File Package 
version 3.02 (DCFPAK 3.02) (EPA 2015c) in RESRAD Onsite version 7.0 as the source of risk 
coefficients for radiation risk assessment at DOE sites. 
 
Strontium-90 (Sr-90) was the only radionuclide identified in the SWRA as a human health COC 
(for hypothetical residential receptors only). A comparison between Sr-90 risk coefficients used 
in the SWRA and those available in DCFPAK 3.02 is shown in Table G-12. 
 
 



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Page G-16   

Table G-12. Comparison of Strontium-90 Risk Coefficients 
   

Parameter HEAST 2001a Risk Factors 
Used in SWRA DCFPAK 3.02b Risk Factors 

Sr-90 + D, 
Ground External, 
1/year per (pCi/g) 

1.96E-08 1.95E-08 

Sr-90 + D, 
Inhalation, (pCi)–1 1.13E-10 4.34E-10 

Sr-90 + D, 
Food Ingestion, (pCi)–1 9.53E-11 9.53E-11 

Sr-90 + D, 
Soil Ingestion, (pCi)–1 1.44E-10 9.53E-11 

Notes: 
a Health Effects Assessment Summary Tables (EPA 2001). 
b Dose Coefficient File Package version 3.02 (EPA 2015c). 
 
Abbreviations: 
pCi/g = picocuries per gram 
 
 
Food ingestion risk factors are identical and external ground factors are essentially the same 
between HEAST 2001 and DCFPAK 3.02. The most noticeable change between HEAST 2001 
and DCFPAK 3.02 is a 400 percent increase in the inhalation risk factor. The soil ingestion risk 
factor decreased by 34 percent between HEAST 2001 and DCFPAK 3.02. 
 
Parameter values used in RESRAD Onsite version 6.21 for the SWRA were reviewed, and a 
copy is included as Attachment G-4. The “area of contaminated zone” for the Southwest 
Trenches (2,428 square meters [m2]) was incorrect when compared to the area as determined by 
the land surveyor (1,785 m2 = 19,222 square feet) (DTSC 2014). The surveyed area was used in 
this evaluation.  
 
The Southwest Trenches and Eastern Dog Pens areas (0.44 and 0.8 acre, respectively) are small 
with respect to a realistic exposure scenario. Receptors at this site do not spend significant time 
at any one of the DOE Areas while the model assumptions are based on receptors remaining in 
the center of one area on a continuous basis. In addition, the model assumes no soil cover and a 
3-meter thick contaminated zone distributed evenly across each area. These model assumptions 
are consistent with the approved SWRA (UC Davis 2004) and represent conservative 
overestimates of risk with respect to contaminated area, thickness, and overburden. In reality, the 
residual soil contamination in most DOE Areas is localized in small pockets under clean fill or 
overburden. 
 
Home garden plant ingestion rates were calculated using data from the EPA’s 2011 Handbook 
(EPA 2011). The procedure used to determine plant ingestion rates is described above for the 
chemical risk evaluation. However, plant ingestion inputs for RESRAD Onsite are divided into 
the following categories: 

1. Fruit, grain, and vegetable consumption (FGVC) in kilograms dry weight/year (kg DW/year) 

2. Leafy vegetable consumption (LVC) in kg DW/year 
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The fruit and vegetable ingestion rates provided in the 2011 Handbook (EPA 2011) were 
combined and redistributed to provide FGVC and LVC ingestion rates for RESRAD input. On the 
basis of RESRAD Onsite default whole diet ingestion rates, FGVC and LVC make up 92 and 
8 percent, respectively, of plant ingestion. The FGVC and LVC calculation is shown in 
Attachment G-5. A comparison between plant ingestion rates used in the SWRA for RESRAD 
and those determined for RESRAD in this evaluation is shown in Table G-13. 
 

Table G-13. Comparison of Plant Ingestion Rates 
 

Parameter 2004 SWRAa 2011 Handbookb 
Fruit, grain and vegetable consumption (kg DW/year) 5.1 9.69 
Leafy vegetable consumption (kg/DW/year) 5.1 0.84 

Notes: 
a SWRA data from the Revised LEHR/SCDS Site-Wide Risk Assessment, Volume I: Human Health Risk Assessment  

(UC Davis 2004) 
b EPA data from the EPA’s Exposure Factors Handbook (EPA 2011) 
 
 
The comparison of the combined ingestion rates of FGVC and LVC in the SWRA  
(UC Davis 2004) versus the Five-Year Review updated ingestion rate is 10.2 versus 
10.53 kg DW/year. The redistribution results are almost the same for overall fruit and vegetable 
intake as those in the SWRA. The soil ingestion rate used in the RESRAD calculations for the 
SWRA was 36.5 grams. This soil ingestion rate was the default in RESRAD Onsite version 6.21 
and remains the default in RESRAD Onsite version 7.0. No change to the soil ingestion rate was 
made in this evaluation. 
 
Respirable dust inhalation parameters such as wind speed were not modified in this evaluation 
because dust inhalation risk is several orders of magnitude below the other exposure pathway 
risks and any changes to these parameters would not contribute to the risk. 
 
Sr-90 risk was recalculated for the EDPs and Southwest Trenches Area using RESRAD Onsite 
version 7.0 with DCFPAK 3.02 risk factors, the corrected land-survey areas, and the updated 
plant ingestion rates. 
 
G2.2 Radiological Risk Calculation Results 
 
The updated risk calculation results are shown in Table G-11. The estimated risk from Sr-90 in 
the EDPs is primarily due to plant ingestion, which did not change upon recalculation. Changes 
in Sr-90 risk for soil ingestion and dust inhalation were due to differences in risk factors between 
HEAST 2001 and DCFPAK 3.02 (risk factors discussed above). Soil ingestion, external 
radiation, and dust inhalation did not contribute significantly to the total Sr-90 risk.  
 
Estimated risks from Sr-90 in the Southwest Trenches were similarly dominated by plant ingestion 
with insignificant contributions from the other pathways.  
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G2.3 Onsite Researchers and Trespassers 
 
Onsite outdoor and indoor researchers and trespassers were evaluated in the SWRA 
(UC Davis 2004). The SWRA risk characterization for DOE Areas (DOE 2005) concluded that 
the COCs did not pose significant risk to these receptors. This section contains an evaluation of 
current parameter values, intake equations, and toxicity values to determine if recalculation of 
risks for these receptors would indicate a change to significant risk. Exposure pathways at the 
DOE areas for these receptors are soil ingestion, dermal contact, and dust inhalation.  
 
EPA’s recommended values for soil ingestion rates (EPA 2014) did not change since the SWRA 
was issued in 2004. The calculation of soil ingestion intake would decrease slightly or remain the 
same for these receptors because adult body weight is the only value in the intake equation that 
changed after the EPA’s 2014 Update, except exposure time (discussed below). Adult body 
weight changed from 70 to 80 kilograms (14 percent increase). Body weight is a denominator 
term in the intake equation, and an increase in body weight results in a soil ingestion intake 
decrease.  
 
The soil ingestion equation is shown below as 
 

Soil Ingestion Intake= 
CS×IR×EF×ED

BW×AT
 

 
where 

CS = concentration in soil 

IR = soil ingestion rate 

EF = exposure frequency 

ED = exposure duration 

BW = body weight 

AT = averaging time 
 
EPA’s recommended values for receptor skin surface area that would be exposed via dermal 
contact with soil (EPA 2014) changed slightly since the SWRA was issued in 2004. The skin 
surface area changes are: 

1. Children: previous value 2,800 cm2; current value 2,690 cm2; 4 percent decrease  

2. Adults: previous value 5,700 cm2; current value 6,032 cm2; 6 percent increase  

3. Workers: previous value 3,300 cm2; current value 3,470 cm2; 5 percent increase 
 
Skin surface area is a numerator term in the intake equation, and the decrease in child skin 
surface area results in a slight decrease in dermal intake. The slight increases in adult and worker 
skin surface area in the numerator are offset by the larger percent increase in body weight in the 
denominator, resulting in a slight overall decrease in dermal intake. 
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Chemical toxicity data used in soil ingestion and dermal contact risk calculations are shown in 
Table G-9. Oral slope factors apply to both soil ingestion and dermal contact. There was no 
change in oral slope factors for benzo(k)fluoranthene, indeno(1,2,3-cd)pyrene, and dieldrin, 
indicating that the risks to onsite outdoor and indoor researchers and trespassers would remain the 
same or decrease slightly for these three chemicals due to the slight decreases in soil ingestion 
intake and dermal intake. Oral slope factors did increase significantly for four PAH compounds: 

1. 64 percent increase for benzo(a)anthracene, benzo(a)pyrene, and benzo(a)fluoranthene 

2. 78 percent increase for dibenzo(a,h)anthracene 
 
Slope factor increases for these four PAHs are significant, but the soil ingestion and dermal 
contact intake equations used in the SWRA (UC Davis 2004) did not account for exposure time 
in hours per day. The SWRA calculations used an event frequency of 1 per day, which is 
equivalent to 1 day per day exposure time (or 24-hours per day). More realistic exposure times 
would be 8 hours per day for researchers and 2 hours per day for trespassers (homeless 
encampment not included). The estimated risk would increase by a factor of up to 1.78 due to the 
slope factor increases, but the estimated risk would decrease by a factor of 0.33 based on realistic 
exposure times. Combining these two factors (1.78 × 0.33 = 0.59) indicates the overall estimated 
risk from soil ingestion and dermal contact exposure to benzo(a)anthracene, benzo(a)pyrene, 
benzo(a)fluoranthene, and dibenzo(a,h)anthracene would decrease. 
 
The soil ingestion risk factor decreased for Sr-90 (Table G-12). Dermal contact is not an 
exposure pathway for radionuclides, but external radiation from ground is an open exposure 
pathway. The current Sr-90 risk factor for external radiation is essentially unchanged from the 
value used in the SWRA (0.5 percent decrease). Thus, estimated soil ingestion risk and external 
radiation risk to onsite outdoor and indoor researchers and trespassers from Sr-90 is expected 
to decrease. 
 
As discussed previously, dust inhalation intake was calculated in the SWRA (UC Davis 2004) 
for chemicals in units of mg/kg-day, but chemical inhalation exposure calculations currently 
estimate risk using an exposure concentration in μg/m3. Direct comparison of these approaches 
is not possible, but a review of estimated risks as shown in Table G-11 indicates that inhalation 
risk does not contribute to the overall receptor risk and recalculated risks decreased substantially 
upon determining site-specific PEFs. Thus, estimates of chemical inhalation risks to onsite 
outdoor and indoor researchers and trespassers are expected to decrease significantly and not 
contribute to the overall risk.  
 
Estimated risks to onsite residents from inhalation of Sr-90 in dust were insignificant compared 
to soil ingestion and external radiation risks (Table G-11). Estimates of Sr-90 inhalation risks to 
onsite outdoor and indoor researchers and trespassers are likewise expected to contribute no 
significant risk. 
 
This evaluation of current parameter values, intake equations, and toxicity values indicates that 
the existing COCs do not pose significant risks to onsite outdoor or indoor researchers or 
trespassers.  
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G3.0 Conclusions 
 
After a Five-Year Review recalculation of human health risks from the soil ingestion, dermal 
contact, plant ingestion, dust inhalation, and external radiation pathways for the identified COCs, 
the risks at the DSS 4 area, the EDPs, and the Southwest Trenches are either lower or unchanged 
from the 2004 SWRA. As such, the current remedy is protective. 
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 95th Percentile
Fruit Ingestion Rate2

Body Weight
(EPA 2014)

Converted
Fruit Ingestion Rate3 SWRA Value

Fruits Moisture Content1 State Resident Age Range (g WW/kg-day) (kg) (kg DW/day) (kg DW/day)
honeydew melon 89.82% raw Ages Birth to <6 years 4.4 15 0.0086 0.0609
peach 88.87% raw Ages 6 to 50+ years 0.99 80 0.0103 0.0179
plum 87.23% raw
apricot 86.35% raw
cherry 82.25% raw
nectarine 87.59% raw

Average moisture content 87.02%
Average dry content 12.98% 100% - Moisture content

Vegetables Moisture Content1 State

 95th Percentile
Vegetable Ingestion 

Rate2
Body Weight
(EPA 2014)

Converted
Vegetable Ingestion 

Rate3 SWRA Value
tomato 93.95% raw Resident Age Range (g WW/kg-day) (kg) (kg DW/day) (kg DW/day)
Broccoli 89.25% cooked Ages Birth to <6 years 6.8 15 0.0108 0.0033
carrots 88.29% raw Ages 6 to 50+ years 3.3 80 0.028 0.0098
pepper-sweet-green 93.89% raw
corn 69.57% cooked
lettuce-cos or romaine 94.61% raw
spinach 91.40% raw
green beans 89.22% cooked
summer squash 93.70% cooked

Average moisture content 89.32%
Average dry content 10.68% 100% - Moisture content

Notes:
1 Moisture content values from Table 9-37 of EFH 2011 Edition (EPA 2011). Table provides values for raw and cooked. Most likely consumed state of garden item selected.

Abbreviations

EFH - Exposure Factors Handbook

EPA - United States Environmental Protection Agency
g WW/kg-day - grams wet weight per kilogram body weight per day
kg - kilograms
kg DW/day - kilograms dry weight per day
SWRA - Site-Wide Risk Assessment (UC Davis 2004)

Attachment G-1
Fruit and Vegetable ingestion Rate Calculations, Chemical Intake

2 Values from Table 13-1 of EFH 2011 Edition (EPA 2011), per capita for populations that garden or farm adjusted for preparation and post-cooking losses.
   Average of 95th percentile values for age range.
3 Ingestion rates must be converted from grams wet weight per kilogram body weight per day (g WW/kg-day) to kilograms dry weight per day (kg DW/day) for use in the risk
   assessment intake equation.



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment G-1, Page 2   

This page intentionally left blank 

 



 

 

 U
.S. D

epartm
ent of Energy 

 
First Five-Y

ear R
eview

 for the LEH
R

 Federal Facility 
Septem

ber 2016 
 

D
oc. N

o. S13284 
 

  
A

ttachm
ent G

-2, Page 1 

 



 

 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
A

ttachm
ent G

-2, Page 2 
  

 
  



 

 

 U
.S. D

epartm
ent of Energy 

 
First Five-Y

ear R
eview

 for the LEH
R

 Federal Facility 
Septem

ber 2016 
 

D
oc. N

o. S13284 
 

  
A

ttachm
ent G

-2, Page 3 

  



 

 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
A

ttachm
ent G

-2, Page 4 
  

 
  



 

 

 U
.S. D

epartm
ent of Energy 

 
First Five-Y

ear R
eview

 for the LEH
R

 Federal Facility 
Septem

ber 2016 
 

D
oc. N

o. S13284 
 

  
A

ttachm
ent G

-2, Page 5 

 



 

 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
A

ttachm
ent G

-2, Page 6 
  

  



 

 

 U
.S. D

epartm
ent of Energy 

 
First Five-Y

ear R
eview

 for the LEH
R

 Federal Facility 
Septem

ber 2016 
 

D
oc. N

o. S13284 
 

  
A

ttachm
ent G

-2, Page 7 

  



 

 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
A

ttachm
ent G

-2, Page 8 
  

  



 

 

 U
.S. D

epartm
ent of Energy 

 
First Five-Y

ear R
eview

 for the LEH
R

 Federal Facility 
Septem

ber 2016 
 

D
oc. N

o. S13284 
 

  
A

ttachm
ent G

-2, Page 9 

  



 

 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
A

ttachm
ent G

-2, Page 10 
  

  



 

 

 U
.S. D

epartm
ent of Energy 

 
First Five-Y

ear R
eview

 for the LEH
R

 Federal Facility 
Septem

ber 2016 
 

D
oc. N

o. S13284 
 

  
A

ttachm
ent G

-2, Page 11 

  



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment G-2, Page 12   

This page intentionally left blank 

 



 

 
U.S. Department of Energy  First Five-Year Review for the LEHR Federal Facility 
September 2016  Doc. No. S13284 
   Attachment G-3, Page 1 

Attachment G-3 
 

RESRAD Onsite Input Parameters, Resident Adult 
 

 



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment G-3, Page 2   

 



 

 
U.S. Department of Energy  First Five-Year Review for the LEHR Federal Facility 
September 2016  Doc. No. S13284 
   Attachment G-3, Page 3 

 
  



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment G-3, Page 4   

This page intentionally left blank 



 

 
 

 U
.S. D

epartm
ent of Energy 

 
First Five-Y

ear R
eview

 for the LEH
R

 Federal Facility 
Septem

ber 2016 
 

D
oc. N

o. S13284 
 

  
A

ttachm
ent G

-4, Page 1 



 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Attachment G-4, Page 2 

This page intentionally left blank 

 



 

 

Appendix H 
 

Vapor-Intrusion Evaluation 
 

 
 



 

 

This page intentionally left blank 

 
 



 
U.S. Department of Energy  First Five-Year Review for the LEHR Federal Facility 
September 2016  Doc. No. S13284 
   Page H-1 

H1.0 Vapor-Intrusion Evaluation 
  
Vapor intrusion was evaluated in the Revised LEHR/SCDS Site-Wide Risk Assessment, Volume 1: 
Human Health Risk Assessment (UC Davis 2004), but the evaluation did not distinguish between 
the U.S. Department of Energy (DOE) and the University of California Davis (UC Davis) areas 
of responsibility, and risks were evaluated using soil-gas data from the UC Davis Areas. This 
appendix provides an evaluation of vapor intrusion from soil and groundwater contaminants 
in the DOE Areas. The vapor-intrusion pathway from soil is currently incomplete in 10 of the 
12 DOE Areas because there are no buildings that overlie soil contamination. Buildings H-215 
and H-294 are the only buildings that currently overlie the DOE Areas. The north end of 
building H-215 overlies the Domestic Septic System 4 (DSS 4) leach trenches, and  
building H-294 overlies the north end of the Western Dog Pens as shown on Figure H-1. In 
addition, vapors could migrate laterally in the vadose zone to buildings that border DOE areas 
such as those adjacent to the Radium/Strontium Treatment Systems Area (Figure H-1). The 
currently incomplete vapor-intrusion pathway in 10 of the 12 DOE Areas is expected to remain 
incomplete for the foreseeable future because UC Davis has no plans to construct new buildings 
in the DOE Areas (UC Davis 2016). However, because no restrictions on land use are in place for 
the DOE Areas (other than the restriction on residential use of DSS 4), vapor intrusion is 
considered a potentially complete future exposure pathway for all DOE Areas. 
 
H1.1 Soil Evaluation Methodology 
 
Physicochemical criteria for defining and screening for volatility as provided in Section 3.1 
of the U.S. Environmental Protection Agency (EPA) OSWER Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from Subsurface Vapor Sources to Indoor Air (Technical 
Guide) (EPA 2015a) were used to evaluate soil data. The soil evaluation does not assess toxicity 
or health risk. The California Department of Toxic Substances Control (DTSC) Vapor Intrusion 
Guidance (DTSC 2011) provides an approach for soil data, but cautions that this approach should 
only be used in a vapor-intrusion evaluation as an additional line of evidence in conjunction with 
soil-gas and groundwater data. The DTSC approach was not used for DOE Areas soil data due to 
a lack of applicable soil-gas and groundwater data. No soil-gas data have been collected in DOE 
Areas, and DOE Areas groundwater data are not directly representative of residual contamination 
in DOE Areas soil. The water table is below the depth of residual soil contamination in DOE 
Areas and is a poor representation of potential vapor intrusion from soil.  
 
This soil evaluation is a preliminary step to determine if volatile contaminants are present in soil 
that could result in vapor intrusion and does not assess toxicity or health risk. Human health risks 
were not estimated from soil-sample data because the EPA does not recommend using soil data 
to estimate the potential for vapor intrusion because of the potential for vapor loss due to 
volatilization during soil sampling, preservation, and chemical analysis and due to uncertainties 
associated with soil partitioning calculations (EPA 2015a). Soil data are usable for qualitative 
identification of contaminant presence while soil-gas data are required for quantitative risk 
estimation (EPA 2015a). 
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Two physicochemical criteria provided in Section 3.1 of EPA’s Technical Guide (EPA 2015a) 
were used to assess if a chemical present in soil generally is considered to be volatile: 

1. Vapor pressure greater than 1 millimeter of mercury, or 

2. Henry’s law constant greater than 10−5 atmosphere-meter cubed per mole. 
 
More than 700 samples representing existing soil in the DOE Areas have been analyzed by state-
certified laboratories for organic chemicals. Approximately 90% of these samples were collected 
from depths of 20 feet or less and are generally representative of vadose-zone soil that lies above 
the highest seasonal water table. Percentages of soil samples by DOE Area are: 

• Western Dog Pens, 39% 

• Southwest Trenches, 22% 

• Radium/Strontium Treatment Systems including Domestic Septic System 2, 14% 

• Domestic Septic System 1, <1% 

• Domestic Septic System 3, 8% 

• Domestic Septic System 4, 2% 

• Domestic Septic System 5, <1% 

• Domestic Septic System 6, 2% 

• Domestic Septic System 7, <1% 

• Dry Wells A–E, 6% 

• Eastern Dog Pens, 5% 

• DOE Box, 1% 
 
The classes of analyzed chemicals that could pose a vapor-intrusion risk include volatile organic 
compounds (VOCs); semivolatile organic compounds (SVOCs); pesticides; and polychlorinated 
biphenyl compounds (PCBs). Mercury was not included; the species/state of mercury 
contamination in shallow DOE Areas soil was studied and shown to exist in nonvolatile mercuric 
sulfide form (DOE 2000). Small quantities of mercuric chloride or mercuric bromide solutions 
may have been disposed in DOE Area trenches or leach systems, but these mercury species are 
nonvolatile. Elemental mercury from laboratory equipment (such as thermometers) may have been 
present in buried waste in the Southwest Trenches area, but the waste and associated contaminated 
soil were removed in 1998 (DOE 2001). 
  
To identify vapor-intrusion constituents of potential concern (COPCs), the DOE Areas soil 
database was queried for organic chemicals that were detected in soil samples. The detected 
organic chemicals are shown in Table H-1 and are sorted by analysis class and ascending order. 
Organic chemicals that were detected by the laboratory but qualified by the data validation 
chemist as not detected (“UJ” qualified) for reasons such as laboratory contamination were not 
included or counted as detected. When field or laboratory duplicate results were reported, the 
highest value between the duplicates was used; the counts of detects and samples presented in 
Table H-1 do not include duplicates. 
 
 



 
U.S. Department of Energy  First Five-Year Review for the LEHR Federal Facility 
September 2016  Doc. No. S13284 
   Page H-3 

 

Figure H-1. Site Map of the LEHR Site 
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If a constituent was detected in more than 5 percent of samples, it was then screened according 
to EPA “volatility” screening criteria for potential vapor-intrusion concern (EPA 2015a) stated 
above. If a constituent had a vapor pressure or Henry’s constant above either of the volatility 
criteria it was retained in this evaluation.  
 
H1.2 Soil Evaluation Results 
 
Of the chemicals with detection frequency above 5 percent, eight VOCs, two SVOCs, and six 
pesticides (16 total COPCs) met the EPA volatility criteria for potential vapor intrusion 
(Table H-1).  
 
From this preliminary evaluation, it is recommended that a detailed review of the soil data 
quality and a spatial analysis of the location of all potential vapor-forming COPCs be conducted. 
The Technical Guide (EPA 2015a) and chemical lists in EPA’s Vapor Intrusion Screening Level 
Model (VISL) (EPA 2015b) will be consulted to determine the potential vapor-forming COPCs. 
Based on the results of these analyses, soil-gas sampling may be recommended to estimate 
human health risk. If soil-gas sampling is deemed necessary, the results of the soil spatial 
analysis will be used to construct a focused soil-gas sampling plan for regulatory agency review 
and approval. 
 

Table H-1. Screening of Organic Compounds Detected in DOE Areas Soil Samples 
 

Analyte 
Count 

of 
Detects 

Count 
of 

Samples 

Maximum 
Detected 

Concentration 
(µg/kg) 

Lowest 
Reporting 

Limit 
(µg/kg) 

Is 
Detection 
Frequency 
Above 5%  

Vapor 
Pressurea 
(mm Hg) 

Henry’s 
Law 

Constanta 

(atm-m3/ 
mole) 

VI 
COPC 

VOCs 

1,1-Dichloroethene 1 294 0.793 1 No --- --- No 

1,3-Dichlorobenzene 1 33 0.286 1.1 No --- --- No 

1,4-Dichlorobenzene 1 33 0.819 1.1 No --- --- No 

2-Butanone 51 294 548 5.1 Yes 9.1E+01 5.7E-05 Yes 

4-Methyl-2-pentanone 1 294 1.27 5.1 No --- --- No 

Acetone 11 294 44.8 5.3 No --- --- No 

Benzene 1 298 1.5 1 No --- --- No 

Bromodichloromethane 1 291 0.234 1 No --- --- No 

Bromomethane 1 294 0.693 1 No --- --- No 

Chlorobenzene 1 294 0.661 1 No --- --- No 

Chloroform 8 294 1.7 1 No --- --- No 

Ethylbenzene 41 298 2.87 1 Yes 9.6E+00 7.9E-03 Yes 

Isopropylbenzene 1 33 1.47 1.1 No --- --- No 

Methyl acetate 4 33 4.5 9.6 Yes 2.2E+02 1.2E-04 Yes 

Methylene chloride 35 295 457 4.9 Yes 4.4E+02 3.3E-03 Yes 

Styrene 8 294 1.76 1 No --- --- No 

Tetrachloroethylene 1 294 0.916 1 No --- --- No 

Toluene 170 298 649 1 Yes 2.8E+01 6.6E-03 Yes 

Trichloroethene 3 294 10 1 No --- --- No 



 
Table H-1 (continued). Screening of Organic Compounds Detected in DOE Areas Soil Samples 
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Analyte 
Count 

of 
Detects 

Count 
of 

Samples 

Maximum 
Detected 

Concentration 
(µg/kg) 

Lowest 
Reporting 

Limit 
(µg/kg) 

Is 
Detection 
Frequency 
Above 5%  

Vapor 
Pressurea 
(mm Hg) 

Henry’s 
Law 

Constanta 

(atm-m3/ 
mole) 

VI 
COPC 

Trichlorofluoromethane 5 33 1.9 1.1 Yes 8.0E+02 9.7E-02 Yes 

Xylenes (total) 51 294 16.4 1.1 Yes 8.0E+00 5.2E-03 Yes 

Formaldehyde 36 87 2200 23 Yes 3.9E+03 3.4E-07 Yes 

SVOCs 

1,2,4-Trichlorobenzene 1 267 24.5 333 No --- --- No 

1,4-Dichlorobenzene 10 267 24 333 No --- --- No 

2,4-Dimethylphenol 1 306 6.3 333 No --- --- No 

2-Chlorophenol 1 306 32.1 333 No --- --- No 

2-Methylnaphthalene 11 306 160 333 No --- --- No 

4-Chloro-3-methylphenol 1 306 24.5 333 No --- --- No 

Acenaphthene 7 306 440 333 No --- --- No 

Anthracene 6 306 1,160 333 No --- --- No 

Benzaldehyde 11 39 53.8 333 Yes 1.3E+00 2.7E-05 Yes 

Benzo(a)anthracene 6 306 3,760 333 No --- --- No 

Benzo(a)pyrene 5 306 2,380 333 No --- --- No 

Benzo(b)fluoranthene 5 306 2,700 333 No --- --- No 

Benzo(g,h,i)perylene 4 306 1,750 333 No --- --- No 

Benzo(k)fluoranthene 6 306 1,530 333 No --- --- No 

bis(2-Ethylhexyl)phthalate 76 306 560 333 Yes 1.4E-07 2.7E-07 No 

Butylbenzylphthalate 6 306 13.1 333 No --- --- No 

Carbazole 5 306 486 333 No --- --- No 

Chrysene 7 306 3,010 333 No --- --- No 

Dibenzo(a,h)anthracene 2 306 1,080 333 No --- --- No 

Dibenzofuran 6 306 340 333 No --- --- No 

Diethylphthalate 4 306 2.2 333 No --- --- No 

Di-n-butylphthalate 21 306 380 333 Yes 2.0E-05 1.8E-06 No 

Di-n-octylphthalate 6 306 37 333 No --- --- No 

Fluoranthene 15 306 2,900 333 No --- --- No 

Fluorene 6 306 540 333 No --- --- No 

Hexachlorobenzene 1 306 125 333 No --- --- No 

Indeno(1,2,3-cd)pyrene 2 306 1,470 333 No --- --- No 

m,p-Cresol 1 172 11.8 333 No --- --- No 

Naphthalene 5 306 120 333 No --- --- No 

N-Nitrosodipropylamine 1 306 22.8 333 No --- --- No 

o-Cresol 1 306 5.6 333 No --- --- No 

Pentachlorophenol 1 306 18.6 344 No --- --- No 

Phenanthrene 11 306 2,880 333 No --- --- No 

Phenol 11 306 35.4 333 No --- --- No 

Pyrene 20 306 5,110 333 Yes 4.5E-06 1.2E-05 Yes 



 
Table H-1 (continued). Screening of Organic Compounds Detected in DOE Areas Soil Samples 
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Analyte 
Count 

of 
Detects 

Count 
of 

Samples 

Maximum 
Detected 

Concentration 
(µg/kg) 

Lowest 
Reporting 

Limit 
(µg/kg) 

Is 
Detection 
Frequency 
Above 5%  

Vapor 
Pressurea 
(mm Hg) 

Henry’s 
Law 

Constanta 

(atm-m3/ 
mole) 

VI 
COPC 

Pesticides 

4,4'-DDD 57 527 140 0.73 Yes 1.4E-06 6.6E-06 No 

4,4'-DDE 118 528 26.8 0.73 Yes 6.0E-06 4.2E-05 Yes 

4,4'-DDT 95 528 276 0.73 Yes 1.6E-07 8.3E-06 No 

alpha-BHC 4 528 11 0.36 No --- --- No 

alpha-Chlordane 336 619 1,700 0.36 Yes 1.0E-05 7.0E-05 Yes 

Chlordaneb 83 109 15,000 6.6 Yes 1.0E-05 7.0E-05 Yes 

delta-BHC 5 529 2 0.36 No --- --- No 

Dieldrin 42 529 223 0.73 Yes 5.9E-06 1.0E-05 No 

Endosulfan I 5 529 2 0.36 No --- --- No 

Endosulfan II 3 529 2.5 0.73 No --- --- No 

Endosulfan sulfate 4 529 11 0.73 No --- --- No 

Endrin 7 529 6.2 0.73 No --- --- No 

Endrin aldehyde 2 529 0.39 0.73 No --- --- No 

Endrin ketone 2 529 2.7 0.73 No --- --- No 

gamma-BHC (Lindane) 4 529 1.8 0.36 No --- --- No 

gamma-Chlordane 340 619 1,900 0.36 Yes 1.0E-05 7.0E-05 Yes 

Heptachlor 36 528 96 0.36 Yes 4.0E-04 2.9E-04 Yes 

Heptachlor epoxide 29 554 13.4 0.36 Yes 2.0E-05 2.1E-05 Yes 

Methoxychlor 8 529 14.8 3.6 No --- --- No 

PCBs 

Aroclor-1254 8 529 225 6.9 No --- --- No 

Aroclor-1260 3 529 15.4 6.9 No --- --- No 

Notes: 
Highest concentration between field duplicates used; count of detects and count of samples do not include duplicates. 
a Volatility screening criteria for vapor-intrusion concern (vapor pressure >1 mm Hg or Henry’s Law Constant >1.0 × 10–5 atm 

m3/mol) (EPA 2015a). 
b Maximum chlordane concentration is more than 3 times the next highest concentration (4340 µg/kg); maximum is 

potential outlier. 
 
Abbreviations: 
--- = Eliminated from evaluation. Detected in less than 5 percent of samples 
atm-m3/mole = atmospheres-cubic meters per mole 
mm Hg = millimeters mercury 
VI = vapor intrusion 
µg/kg = micrograms per kilogram 
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I1.0 Introduction 
  
Following U.S. Environmental Protection (EPA) guidance (EPA 2009), up-to-date toxicity 
information for chemicals identified at the U.S. Department of Energy (DOE) Areas, but not 
previously identified as chemical constituents of concern (COCs), was reviewed to determine if 
any of these detected chemicals could pose a risk to human health above the target risk range. The 
nonradionuclide constituents and radionuclides were evaluated separately as described in this 
appendix. 
 
I1.1 Nonradionuclide Constituent Evaluation 
 
The following steps were followed to evaluate whether nonradionuclide constituents 
(both organic and inorganic) that were detected in one or more DOE Areas but not previously 
identified as COCs might present a human health risk based on the latest available toxicity 
information. 

1. Integrated Risk Information System (IRIS) (EPA 2015a) was used to identify constituents 
with toxicity values that have been revised since the Site-Wide Risk Assessment, Volume 1: 
Human Health Risk Assessment (Part B-Risk Characterization for DOE Areas) at the 
Laboratory for Energy-Related Health Research, University of California, Davis 
(Risk Characterization Report) (DOE 2005) was conducted. 

2. Chemicals detected in DOE Area soil samples that were on this list from IRIS were then 
identified. 

3. The 2002 preliminary remediation goals (PRGs) used in the Site-Wide Risk Assessment, 
Volume 1: Human Health Risk Assessment, LEHR/SCDS Environmental Restoration 
(SWRA) (UC Davis 2004) and 2015 regional screening levels (RSLs) (EPA 2015b) for 
the constituents identified in Step 2 were compiled and compared to assess which have 
a 2015 RSL lower than the 2002 PRG and, therefore, warranted further evaluation. 

 
As shown in Table I-1, the changes in toxicity value resulted in a lower RSL for three 
constituents: 2-methylnaphthalene, pentachlorophenol, and phenol. Detections for each of these 
constituents in any DOE Area were below the 2015 RSL (EPA 2015b). 
 
In addition to this comparison using updated EPA toxicity factors and RSLs, the 2002 PRGs 
were also compared with the screening levels in Department of Toxic Substances Control 
(DTSC) Human Health Risk Assessment (HHRA) Note 3 (DTSC 2015). All constituents with 
DTSC HHRA Note 3 screening levels lower than the 2002 PRGs were carried forward and 
compared with the DOE Areas soil sample data. For these constituents, only arsenic and 
chlordane were detected above the DTSC HHRA Note 3 screening levels in any DOE Area soil 
sample. Although DOE Area soil arsenic concentrations exceed the 0.067 milligram per 
kilogram (mg/kg) screening level, they are considered representative of background, as discussed 
in detail in the Risk Characterization Report (DOE 2005). Although chlordane was detected 
above the DTSC HHRA Note 3 screening level (430 micrograms per kilogram [µg/kg]) in 
several samples from the Western Dog Pens, the exposure point concentration calculated in 
Former Western Dog Pens Backfill Risk Assessment (DOE 2007) was 47.4 µg/kg for alpha-
chlordane and 49.8 µg/kg for gamma chlordane, below the DTSC HHRA Note 3 screening level. 
 



 
 

 First Five-Y
ear R

eview
 for the LEH

R
 Federal Facility 

 
U

.S. D
epartm

ent of Energy 
D

oc. N
o. S13284 

 
Septem

ber 2016 
Page I-2 

  

Table I-1. Risk Evaluation for Nonchemicals of Concern in DOE Areas 
 

Substance Name 2002 
PRGb 

2015 
RSLc 

Screening Concentrations 
micrograms per kilogram (µg/kg)a 

DOE 
Disposal 

Box 
DSS 1 DSS 3 DSS 4 DSS 5 DSS 6 DSS 7 Dry 

Wells EDP 
Ra/Sr 

Treatment 
System 

SWT WDP 

2-Methylnaphthalene NE 240  0.0011 J ND 0.0007 J 0.0567 J ND ND ND NA NA 0.0263 J ND ND 

Pentachlorophenol 3 1.0  ND ND ND ND ND ND ND NA NA 0.0186 J ND ND 

Phenol 37,000  19,000  ND ND ND 0.0036 J 0.0034 J ND ND NA NA 0.0354 J ND ND 
Notes: 
a From the Risk Characterization Report (DOE 2005); maximum concentration detected in the area. 
b EPA Region 9 PRG used in the Site-Wide Risk Assessment, Volume 1: Human Health Risk Assessment, LEHR/SCDS Environmental Restoration, Davis California 
(UC Davis 2004). 
c EPA Region 9 June 2015 RSL (EPA 2015b). 
 
Abbreviations: 
DSS = Domestic Septic System 
EDP = Eastern Dog Pens 
J = detected below the laboratory reporting limit; value is estimated 
NA = not analyzed 
ND = not detected 
NE = not established 
Ra/Sr = Radium/Strontium 
SWT = Southwest Trenches 
UC Davis = University of California, Davis 
WDP = Western Dog Pens 
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On the basis of this evaluation, none of the nonradionuclides not previously identified as COCs 
for the DOE Areas present a risk to human health. 
 
I1.2 Radionuclide Evaluation 
 
The following steps were followed to determine whether any radionuclide constituents that were 
detected in one or more DOE Area but were not previously identified as COCs present a human 
health risk based on the latest available toxicity information. 

1. The PRGs used in the SWRA for screening radionuclides (UC Davis 2004) were compared 
with the most recent EPA Superfund radionuclide PRGs (EPA 2014).  

2. For radionuclides with a change in PRG, the SWRA (UC Davis 2004) was used to identify 
those radionuclides for each DOE Area that were detected above either the SWRA PRG or 
the 2014 PRG and were also identified as above background in the Risk Characterization 
Report (DOE 2005). The results of this screening are shown in Table I-2. 

3. Because this evaluation indicated that risks associated with some radionuclides not 
previously identified as COCs may exceed 1 × 10−6 based on newer toxicity values, a risk 
evaluation was conducted using Argonne National Laboratory’s (ANL) Residual Radiation 
computer program RESRAD Onsite. 

 
As shown in Table I-2, radionuclides requiring risk reevaluation include americium-241, 
carbon-14, lead-210, strontium-90, thorium-232, uranium-235, and uranium-238. As indicated 
in Table I-2, at least one of these radionuclides was reevaluated for each DOE Area except 
for the Eastern Dog Pens (EDPs). The risk calculations and results, risk characterization, and 
conclusions of these evaluations are discussed below. 
 
I1.2.1 RESRAD Calculations 
 
Radiological risks were calculated in the SWRA using RESRAD Onsite version 6.21 
(ANL 2002). Risk factors (slope factors) selected in RESRAD Onsite version 6.21 for the 
SWRA (UC Davis 2004) were referenced to the 2001 version of the Health Effects Assessment 
Summary Tables (HEAST 2001) (EPA 2001). Most values in HEAST 2001 were taken from 
Federal Guidance Report No. 13 (EPA 1999). RESRAD Onsite version 7.0 is the most recent 
update to ANL’s Residual Radiation computer program (ANL 2014). DOE currently uses Dose 
Coefficient File Package version 3.02 (EPA 2015c) in RESRAD Onsite version 7.0 as the source 
of risk coefficients for radiation risk assessment at DOE sites.  
 
Parameter values used in RESRAD Onsite version 6.21 for the SWRA (UC Davis 2004) were 
reviewed; a copy is included in Attachment I-1. Each “area of contaminated zone” for Domestic 
Septic System (DSS) 3, DSS 4, the Radium/Strontium (Ra/Sr) Treatment Systems, and 
Southwest Trenches areas was inaccurate compared to the respective areas measured by the land 
surveyor for the California Department of Toxic Substance Control’s Covenant to Restrict Use 
of Property; Environmental Restriction, as recorded with the County of Solano on July 11, 2014 
(DTSC 2014). Likewise, the length parallel to aquifer flow was inaccurate for some DOE Areas 
based on review of the land surveyor maps. Comparisons of the areas and lengths used in the 
SWRA to those determined in the land survey are shown in Table I-3.  
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Table I-2. Evaluation of Nonconstituent of Concern Radionuclides Identified as Potentially Above Background to Determine Need for Risk Calculation 
 

   
DSS 1 DSS 3 DSS 4 DSS 5 DSS 6 DSS 7 DOE 

Disposal Box 
Dry Wells 

A–E 
Eastern 

Dog Pens 

Ra/Sr 
Treatment 

System 

Southwest 
Trenches 

Western 
Dog Pens 

 
2002 
PRG 

2014 
PRG Screening Concentration1 

Americium-241 1.87E+00 4.90E-02                   8.47E-02 3.22E+00   
Carbon-14 4.56E-01 1.50E-01 2.10E+00           2.70E-01     2.38E+00 5.84E+00 1.13E+01 
Cesium-137 5.97E-02 2.10E-01   1.26E-01                 1.18E+00 1.15E-01 
Lead-210 1.50E-01 7.70E-03 1.80E+00 4.40E+00 4.70E+00     4.10E+00 2.40E+00   2.00E+00   1.61E+00 4.96E+00 
Strontium-90 2.31E-01 9.20E-02 4.00E-01 5.91E-01   1.31E+00   2.70E-01 2.80E-01 1.53E-01   2.18E+00   5.66E+00 
Thorium-228 1.54E-01 4.10E-01             7.68E-01 7.71E-01   1.12E+00 8.94E-01 1.02E+00 
Thorium-232 3.10E+00 4.80E-02             8.20E-01 8.76E-01         
Uranium-235 1.95E-01 5.10E-02     1.60E-01 6.31E-02 1.60E-01 1.00E-01           3.17E-01 
Uranium-238 7.42E-01 7.30E-02               5.99E-01       1.67E+00 

Notes: 
              1 From Site-Wide Risk Assessment (UC Davis 2004); the lower of the maximum concentration or the 95 percent UCL of the mean concentration 

      
All values are in picocuries per gram (pCi/g). 

           Bold font indicates that concentration is above the 2014 PRG. 
           

Italic font indicates that concentration is above the 2002 PRG. 
           

  2014 PRG is higher than 2002 PRG, so risk is reduced 
          

  Not above background per the Risk Characterization Report (DOE 2005) 
         

RECALCULATE Potentially above-background, and 2014 PRG is lower than 2002 PRG 
         

  Only one sample w/ elevated concentration and short half-life per the Risk Characterization Report (DOE 2005) 
       

  Screening concentration used in SWRA (UC Davis 2004) was maximum; 95 percent UCL calculated for the Risk Characterization Report (DOE 2005) is 0.12 pCi/g, below 2014 PRG 
   Abbreviations: 

pCi/g = picocurie per gram 
Ra/Sr = Radium/Strontium 
UC = University of California 
UCL = upper confidence limit 
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Table I-3. Comparison of Sitewide Risk Assessment Areas and Surveyed Areas/Lengths 
 

DOE Area SWRA Area 
(square meters) 

Land Surveyed 
Area 

(square meters) 

SWRA Length 
Parallel to 

Aquifer Flow 
(meters) 

Length Parallel to 
Aquifer Flow from 

Survey Maps 
(meters) 

DSS-3 164 359 15 26 

DSS-4 95 191 12 27 

Dry Wells A–E NR 178 NR 8 

Eastern Dog Pens 3,237 3,249 61 61 

Ra/Sr Treatment System 688 1,399 53 53 

Southwest Trenches 2,428 1,785 55 55 
Abbreviations: 
NR = not reported 
Ra/Sr = Radium/Strontium 
 
 
Areas and lengths obtained from the land survey for the areas listed above were entered in 
RESRAD. The areas and lengths used in the SWRA (UC Davis 2004) for DSS 1, DSS 5, DSS 6, 
DSS 7, DOE Disposal Box, and Western Dog Pens (WDPs) were entered in RESRAD for this 
evaluation because land survey data were not available. The areas range from 0.003 acre for 
DSS 5 to approximately 3 acres for the Western Dog Pens and are small with respect to a 
realistic exposure scenario. Receptors at this site do not spend significant time at any one of the 
DOE Areas while the model assumptions are based on receptors remaining in the center of one 
area on a continuous basis. In addition, the model assumes no soil cover and a 3-meter thick 
contaminated zone distributed evenly across each area. These model assumptions are consistent 
with the approved SWRA (UC Davis 2004) and represent conservative overestimates of risk 
with respect to contaminated area, thickness, and overburden. In reality the residual soil 
contamination in most DOE Areas is localized in small pockets under clean fill or overburden. 
 
Home garden plant ingestion rates were calculated using data from the EPA’s Exposure Factors 
Handbook 2011 (EPA 2011). The resulting fruit, vegetable, and grain consumption rate is 
9.69 kilograms dry weight/year (kg DW/year); up from 5.1 kg DW/year used in the SWRA 
(UC Davis 2004). The resulting leafy vegetable consumption rate is 0.84 kg DW/year, which is 
down from 5.1 kg DW/year used in the SWRA. The sum of these two plant ingestion rates 
(10.53 kg DW/year) is slightly higher than the sum of plant ingestion values used in the SWRA 
(10.2 kg DW/year). Derivation of these plant ingestion rates is described in detail in Appendix G. 
 
The soil ingestion rate used in the RESRAD calculations for the SWRA was 36.5 grams per year. 
This soil ingestion rate was the default in RESRAD Onsite version 6.21 and remains the default 
in RESRAD Onsite version 7.0. No change to the soil ingestion rate was made in this evaluation. 
 
Respirable dust inhalation parameters, such as wind speed, were not modified in this evaluation 
because dust inhalation risk is several orders of magnitude below the other exposure pathway 
risks and any changes to these parameters would not contribute to the risk. 
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I1.2.2 Upper Confidence Levels 
 
The 95 percent upper confidence levels of the mean (95% UCLs) determined in the SWRA 
(UC Davis 2004) were used as the exposure point concentrations (EPCs) when available; 
otherwise, maximum detected activity concentrations were used. The 95 percent UCLs 
determined in the SWRA are no longer representative of the WDPs because fill material was 
imported in the WDPs since the SWRA. The 95 percent UCL EPCs determined in the Former 
WDPs Backfill Risk Assessment (DOE 2007) were used. The 95 percent UCLs calculated for 
thorium-232 in the DOE Disposal Box and Dry Wells A–E areas were used as EPCs for 
RESRAD calculations. The EPC inputs for RESRAD are shown in Table I-4. 
 

Table I-4. Revised Risk Estimate for Onsite Resident for Nonconstituent of Concern Radionuclides
 

Constituent EPC 
(pCi/g)a  Basis Soil 

Ingestion 
Plant 

Ingestion 
External 

Radiation 
Dust 

Inhalation 

Total  
Cancer 
Riskb 

Domestic Septic System 1 
Carbon-14 1.8 95% UCL 9E-13 1E-10 2E-12 1E-11 1E-10 

Lead-210 1.6 95% UCL 6E-08 9E-08 4E-08 4E-10 2E-07 

Strontium-90 0.36 95% UCL 4E-10 2E-08 4E-08 1E-12 6E-08 

Domestic Septic System 3 
Strontium-90 0.21 95% UCL 5E-09 2E-07 3E-08 1E-12 3E-07 

Domestic Septic System 4 
Uranium-235/236 0.16 max 3E-09 1E-09 1E-06 6E-11 1E-06 

Domestic Septic System 5 
Strontium-90 1.3 95% UCL 1E-09 5E-08 1E-07 5E-12 2E-07 

Uranium-235 0.0631 max 8E-11 3E-11 3E-07 2E-11 3E-07 

Domestic Septic System 6 
Uranium-235 0.16 max 6E-10 2E-10 9E-07 5E-11 9E-07 

Domestic Septic System 7 
Lead-210 4.1 95% UCL 4E-07 5E-07 1E-07 1E-09 1E-06 

Strontium-90 0.27 95% UCL 7E-10 3E-08 3E-08 1E-12 7E-08 

Uranium-235 0.1 max 4E-10 1E-10 5E-07 3E-11 5E-07 

DOE Disposal Box 
Carbon-14 0.27 max 1E-12 2E-10 3E-13 5E-12 2E-10 

Lead-210 0.95 95% UCL 3E-07 4E-07 3E-08 3E-10 7E-07 

Strontium-90 0.11 95% UCL 9E-10 4E-08 2E-08 5E-13 6E-08 

Thorium-232 0.66 95% UCL 1E-07 5E-07 5E-05 2E-09 6E-05 

Dry Wells A–E 
Strontium-90 0.153 max 2E-09 9E-08 2E-08 7E-13 1E-07 

Thorium-232 0.63 95% UCL 2E-07 7E-07 5E-05 2E-09 5E-05 

Uranium-238 0.599 max 1E-08 5E-09 8E-07 2E-10 8E-07 

Radium/Strontium Treatment Systems 
Americium-241 0.0847 max 1E-08 2E-09 3E-08 6E-11 4E-08 

Strontium-90 0.25 95% UCL 2E-08 8E-07 4E-08 2E-12 8E-07 



 
Table I-4 (continued). Revised Risk Estimate for Onsite Resident for Nonconstituent of Concern 

Radionuclides 
 

 
First Five-Year Review for the LEHR Federal Facility  U.S. Department of Energy 
Doc. No. S13284  September 2016 
Page I-8   

Constituent EPC 
(pCi/g)a  Basis Soil 

Ingestion 
Plant 

Ingestion 
External 

Radiation 
Dust 

Inhalation 

Total  
Cancer 
Riskb 

Southwest Trenches 
Americium-241  
(0–0.5 feet) 3.2 95% UCL 2E-07 6E-09 6E-07 1E-09 8E-07 

Americium-241 0.16 95% UCL 2E-08 3E-09 5E-08 1E-10 8E-08 

Carbon-14 0.55 95% UCL 2E-11 1E-08 8E-13 4E-11 1E-08 

Lead-210 1.3 95% UCL 3E-06 5E-06 5E-08 5E-10 8E-06 

Western Dog Pens 
Carbon-14 0.61 95% UCL 2E-11 4E-08 8E-13 1E-10 4E-08 

Lead-210 1.1 95% UCL 3E-06 4E-06 4E-08 6E-10 7E-06 

Strontium-90 0.26 95% UCL 3E-08 1E-06 7E-08 3E-12 1E-06 

Uranium-235 0.065 95% UCL 1E-08 4E-09 8E-07 6E-11 8E-07 

Uranium-238 0.74 95% UCL 9E-08 3E-08 1E-06 4E-10 1E-06 
Notes: 
a EPC is for depths of 0–10 feet below ground surface except where noted. 
b Total cancer risk is sum of risk contributions using all digits to be consistent with RESRAD output.  
All radionuclides are at maximum dose/risk at time = 0 years, except for thorium-232, which peaks at 100 years. 
 
Abbreviations: 
max = maximum concentration 
pCi/g = picocuries per gram 
 
 

I2.0 Results and Conclusions 
 
As shown on Table I-4, this risk reevaluation indicates that radionuclides not previously 
designated as COCs may present risks greater than 1 × 10−6 (1 in 1 million) in the DOE Disposal 
Box, Dry Wells A–E, Southwest Trenches, and WDP areas. Risks potentially above 1 × 10−6 are 
attributable to lead-210 in the Southwest Trenches and WDPs and to thorium-232 in the other two 
areas. The calculated risks associated with lead-210 are in the 1 × 10−6 to 1 × 10−5 range, while 
those calculated for thorium-232 are approximately 5 × 10−5 for both areas. 
 
Table I-5 compares the carcinogenic risk recalculated for each radionuclide/DOE Area 
combination in this evaluation with the risk presented in the Risk Characterization Report 
(DOE 2005). Calculated cumulative risks from this updated evaluation and from the Risk 
Characterization Report are also compared. In addition, Table I-5 assesses the updated potential 
risks based on comparison with background levels, data quality, and other factors, and 
summarizes the risk characterization assessment for other constituents as presented in the Risk 
Characterization Report (DOE 2005). As shown, the recalculated risks for this Five-Year Review 
are only slightly higher than those calculated in the Risk Characterization Report (DOE 2005). 
As indicated in Table I-5, lead-210 in the Southwest Trenches and the WDPs was eliminated 
from further consideration in the Risk Characterization Report due to lack of evidence for a 
release, data quality issues, and/or relatively low risks (expected to be further reduced by decay, 
with a half-life of approximately 20 years). No further action is needed for thorium-232 in the 
DOE Disposal Box and Dry Wells A–E areas. Although thorium-232 was identified in the Risk 
Characterization Report as above-background in these areas, detailed data review indicates that 
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these results are consistent with background levels given the high degree of analytical 
uncertainty; additionally, the thorium-232 results and those for daughter product thorium-228 
appear to be in secular equilibrium, suggesting that they are naturally occurring (DOE 2005). 
Changes in toxicity values for constituents detected in the DOE Areas resulted in changes in 
calculated cancer risks. However, these changes are small and do not affect the overall 
protectiveness of the remedy. 
 

Table I-5. Risk Summary, Risk Characterization and Recommendations for Onsite Resident for 
Nonconstituent of Concern Radionuclides 

 

Constituent Total Cancer Risk 
SWRA-Part B 

Total Cancer Risk 
Five-Year Review 

Risk Characterization 
Summary and Recommendations 

DOE Disposal Box 

Thorium-232 Not calculated 6 × 10−5 

No further action; consistent with background and 
in approximately secular equilibrium with 
thorium-228 daughter, given large analytical 
uncertainty (see Risk Characterization Report, 
DOE 2005, Appendix E) 

Total 6 × 10−6 7 × 10−5 

Remaining risk due to thorium-228 and lead-210; 
no further action for thorium-228 based on decay 
to background in 6.9 years and for lead-210 based 
on risk below 10-6 (DOE 2005) 

Dry Wells A–E 

Thorium-232 Not calculated 5 × 10−5 

No further action; consistent with background 
and in approximately secular equilibrium with 
thorium-228 daughter, given large analytical 
uncertainty (see Risk Characterization Report, 
DOE 2005, Appendix E) 

Total 2 × 10−4 2 × 10−4 

Remaining risk due to arsenic, radium-226, and 
thorium-228; no further action for arsenic based 
on only one sample above background, for 
radium-226 based on concentrations consistent 
with background, and for thorium-228 based on 
decay to background in less than 5 years 
(DOE 2005) 

Southwest Trenches 

Lead-210 6 × 10−6 8 × 10−6 
No further action; no correlation with site activities 
and analytical issues lead to likely over-estimate 
(per Risk Characterization Report, DOE 2005) 

Total 2 × 10−5 2 × 10−5 

Remaining risk due to cesium-137, strontium-90, 
and thorium-228; no further action for cesium-137 
based on decay-corrected risk below 10-6 and for 
thorium-228 based on decay to background in less 
than 2 years; strontium-90 retained (DOE 2005) 

Western Dog Pens 

Lead-210 6 × 10−6 7 × 10−6 
No further action; risk values may be due to 
analytical errors (per Risk Characterization Report, 
DOE 2005) 

Total 2 × 10−5 2 × 10−5 

Remaining risk due to thorium-228 and uranium-
238; no further action for thorium-228 based on 
risk being derived from concentrations found in 
clean fill and for uranium-238 based on indications 
it is not related to site activities (DOE 2005) 
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J1.0 Introduction 
  
Identified ecological risk drivers at the U.S. Department of Energy (DOE) Areas listed in 
Table ES-1 of the Final Site-Wide Ecological Risk Assessment LEHR/SCDS, University of 
California, Davis (SWERA) (BBL 2006) are as follows: 

• Antimony 

• Cadmium 

• Chromium 

• Manganese 

• Selenium 

• Thallium 

• Vanadium 

• Zinc 
 
Table J-1 shows the DOE Areas where these metals were identified as constituents of potential 
ecological concern (COPEC). 
 
Where available, the U.S. Environmental Protection Agency (EPA) 2005 Soil Screening Levels 
(SSLs) were used in the SWERA for plant and soil invertebrate evaluation and species-specific 
toxicity reference values, and lowest-observed adverse effect levels (LOAEL) and no-observed 
adverse effect levels (NOAEL) were used for the bird and mammal evaluation. The SWERA did 
not add ecological hazard quotients to evaluate cumulative exposures and potential associated 
risks, based on the lack of support for the assumption of additive effects (BBL Sciences 2006). 
 
J1.1 Soil Screening Levels 
 
Of the eight COPECs identified, four have updated SSL documents: chromium (EPA 2008), 
manganese (EPA 2007b), selenium (EPA 2007d), and zinc (EPA 2007e). In addition, SSLs 
for copper (EPA 2007a), nickel (EPA 2007c), and silver (EPA 2006) were developed after 
completion of the SWERA. Table J-2 shows the SSLs for plants and soil invertebrates used 
in the SWERA and the updated SSLs. 
 
The SSL value used in the SWERA for cadmium remained the same; therefore, there is no 
change in estimated risk for this constituent. For antimony, the soil invertebrate SSL remained 
the same and the plant SSL was still not available; therefore, there is also no change in the 
estimated risk for this constituent. There were no updates to the plant or soil invertebrate SSLs 
for chromium (III or VI), thallium, or vanadium; risk estimates for these constituents also remain 
unchanged.  
 
The SSLs for nickel and silver increased from those used in the SWERA. Therefore, risks are 
expected to be lower using the new SSL values. No further evaluation of these constituents was 
conducted. 
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Table J- 1. Summary of List 2 COPEC Risk Results 
 

Receptor 
DOE 

Disposal 
Box 

Dry 
Wells 
A–E 

DSS 1 DSS 3 DSS 4 DSS 5 DSS 6 DSS 7 EDPs 
Ra/Sr 

Treatment 
System 

SWT WDPs 

Plants Se, V, Zn V, Zn Mn, Se Tl Se Se  Mn, Zn  Se, V, Zn V, Zn Se, V, Zn 
Soil Invertebrates     Cr    Cr    
Botta’s Pocket Gopher Se, V V   Se     Se, V V Se, V 

Ornate Shrew         Cr Cd, Se, 
C, Zn 

Sb, Se, 
V, Zn Se, V, Zn 

American Robin         Cr Cd, V, Zn V, Zn Se, V, Zn 
Horned Lark         Cr  V, Zn Se, V, Zn 

Abbreviations: 
DSS = Domestic Septic System Cd = cadmium  
EDPs = Eastern Dog Pens Cr = chromium 
Ra/Sr = Radium/Strontium Mn = manganese 
SWT = Southwest Trenches Sb = antimony 
WDPs = Western Dog Pens Se = selenium  
 Tl = thallium 
 V = vanadium 
 Zn = zinc  
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Table J-2. Changes to Soil Screening Levels 
 

Constituent 
Plants Soil Invertebrates 

SWERA Screening Updated SSL SWERA Screening Updated SSL 
Antimony 5.0 NA 78 78 
Cadmium 32 32 140 140 
Chromium III NA NA 0.4 NA 
Chromium VI 1.0 NA 0.4 NA 
Copper 92.5 70 60 80 
Manganese 500 220 NA 450 
Nickel 30 38 200 280 
Selenium 1.0 0.52 70 4.1 
Silver 2.0 560 NA NA 
Thallium 1.0 NA NA NA 
Vanadium 2.0 NA NA NA 
Zinc 50 160 200 120 

Notes: 
All units in milligrams per kilogram dry weight. 
 
Abbreviations: 
NA = not available 
SSL = soil screening level (http://www.epa.gov/ecotox/ecossl/)  
SWERA = Site-Wide Ecological Risk Assessment (BBL 2006) 
 
 
As seen in Table J-2, the SSL for copper decreased for plants (92.5 to 70 milligrams per 
kilogram [mg/kg]) and increased for soil invertebrates (60 to 80 mg/kg). Copper was identified 
as a metal above background only at the Ra/Sr Treatment Storage Area, with an exposure point 
concentration of 48 mg/kg. With the use of the updated SSLs, the hazard quotient (HQ) for 
plants is 6.9 × 10−1 and 6 × 10−1 for soil invertebrates. These HQs are below 1 and do not 
indicate a potential ecological risk. 
 
In the SWERA (BBL 2006), for the COPECs identified for plants and soil invertebrates, an HQ 
was calculated by dividing the exposure point soil concentration (EPC) by the SSL. If the result 
of this ratio was above 1 (indicating a potential for an adverse ecological effect from that 
constituent), a statistical background analysis was performed to refine the risk result. If the result 
of the ratio was below 1, the constituent was eliminated from concern. Table J-3 shows the 
updated HQs for manganese, selenium, and zinc (COPECs listed for the majority of DOE Areas 
in Table J-1) for plants and soil invertebrates for each of the DOE Areas. The notes in Table J-3 
summarize the results of the background evaluation in Appendix J of the SWERA (BBL 2006). 
HQs and notes in Table J-3 are highlighted in yellow if the constituent is above background and 
the HQ is above 1. 
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Table J- 3. Updated Hazard Quotients for Plants and Soil Invertebrates by Area 
 

DOE Areas 

Manganese Selenium Zinc 

EPC 
(mg/kg) 

Plants  Soil Invertebrates 
EPC 

(mg/kg) 

Plants  Soil Invertebrates 
EPC 

(mg/kg) 

Plants  Soil Invertebrates 
Updated SSL 

(mg/kg) HQ Updated SSL 
(mg/kg) HQ Updated SSL 

(mg/kg) HQ Updated SSL 
(mg/kg) HQ Updated SSL 

(mg/kg) HQ Updated SSL 
(mg/kg) HQ 

DOE Disposal Box 701 220 3.2E+00 450 1.6E+00 1.2 0.52 2.3E+00 4.1 2.9E-01 79 160 4.9E-01 120 6.6E-01 
Dry Wells A–E 724 220 3.3E+00 450 1.6E+00 0.92 0.52 1.8E+00 4.1 2.2E-01 94 160 5.9E-01 120 7.8E-01 
Domestic Septic System 1 890 220 4.0E+00 450 2.0E+00 1.4 0.52 2.7E+00 4.1 3.4E-01 84 160 5.3E-01 120 7.0E-01 
Domestic Septic System 3 790 220 3.6E+00 450 1.8E+00 1.7 0.52 3.3E+00 4.1 4.1E-01 258 160 1.6E+00 120 2.2E+00 
Domestic Septic System 4 655 220 3.0E+00 450 1.5E+00 2.0 0.52 3.8E+00 4.1 4.9E-01 144 160 9.0E-01 120 1.2E+00 
Domestic Septic System 5 719 220 3.3E+00 450 1.6E+00 1.3 0.52 2.5E+00 4.1 3.2E-01 82 160 5.1E-01 120 6.8E-01 
Domestic Septic System 6 670 220 3.0E+00 450 1.5E+00 NA 0.52 -- 4.1 -- 80.6 160 5.0E-01 120 6.7E-01 
Domestic Septic System 7 790 220 3.6E+00 450 1.8E+00 NA 0.52 -- 4.1 -- 92 160 5.8E-01 120 7.7E-01 
Eastern Dog Pens 161 220 7.3E-01 450 3.6E-01 0.42 0.52 8.1E-01 4.1 1.0E-01 NA 160 -- 120 -- 
Ra/Sr Treatment  663 220 3.0E+00 450 1.5E+00 1.1 0.52 2.1E+00 4.1 2.7E-01 78 160 4.9E-01 120 6.5E-02 
Southwest Trenches 658 220 3.0E+00 450 1.5E+00 0.53 0.52 1.0E+00 4.1 1.3E-01 72 160 4.5E-01 120 6.0E-01 
Western Dog Pens 685 220 3.1E+00 450 1.5E+00 1.8 0.52 3.5E+00 4.1 4.4E-01 76 160 4.8E-01 120 6.3E-01 
Potential for ecological concern: HQ > 1 and above background  

Notes: 
EPCs and background evaluation summarized below are from the Final Site-Wide Ecological Risk Assessment (BBL 2006). 
Yellow highlight indicates a value above background and an HQ above 1. 
 

Manganese  Selenium  Zinc 
DOE Disposal Box not greater than background  EPC = to UTL (1.2)  HQ below 1 

Dry Wells A–E not greater than background  EPC just slightly above background EPC (0.9)  HQ below 1 

Domestic Septic System 1 4 detects of 4 samples in data set; maximum used  2 detects of 4 samples in data set; maximum used  not greater than background 

Domestic Septic System 3 not greater than background  not greater than background  not greater than background 

Domestic Septic System 4 not greater than background  2 detects of 6 samples in data set; maximum used  not greater than background 

Domestic Septic System 5 not greater than background  1 detect in 1 sample in data set; maximum used  not greater than background 

Domestic Septic System 6 not greater than background  not greater than background  not greater than background 

Domestic Septic System 7 2 detects of 2 samples in data set; maximum used  No selenium background evaluation  HQ below 1 

Eastern Dog Pens not greater than background  not greater than background  not greater than background 

Ra/Sr Treatment  not greater than background  HQ from soil EPC between HQ EPC background and UTL background  HQ below 1 

Southwest Trenches not greater than background  HQ = 1  HQ below 1 

Western Dog Pens not greater than background  12 detects of 34 samples in data set; maximum used  HQ below 1 
 
Abbreviations: 
NA = not available 
Ra/Sr = radium/strontium 
SSL = soil screening level (http://www.epa.gov/ecotex/ecossl/)  
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The calculated HQs for zinc were below 1, or zinc did not exceed background in each DOE 
Area. The areas where the HQ was above 1 and the listed constituent was above background 
included: 

• Domestic Septic System (DSS) 1, manganese and selenium 

• DSS 4 and DSS 5, selenium 

• DSS 5, selenium 

• DSS 7, manganese 

• Western Dog Pens (WDPs), selenium  
 
The updated manganese and selenium HQs are compared to the HQs determined in the SWERA 
(BBL 2006) in Table J-4. Plants impacts from manganese and selenium were evaluated in the 
SWERA according to multiple lines of evidence including COPEC spatial distribution, data 
quality, and contribution of background to overall risk. Based on weight of evidence, the 
SWERA concluded that manganese and selenium HQs were unlikely to represent concentrations 
that would result in adverse effects to plants. The slightly increased manganese and selenium 
HQs determined in this evaluation do not represent a significant change in the weight of 
evidence for risk to plants. As shown in the SWERA, most of the risk to plants from manganese 
and selenium is from the background contribution and the spatial distribution of elevated 
concentrations is minimal.  
 
Soil invertebrate SSLs were not available for manganese when the SWERA was issued, and 
HQs were not calculated at that time. Soil invertebrate HQs estimated in this evaluation for 
manganese at DSS 1 and DSS 7 are 2.0 and 1.8, respectively. These HQs are just slightly above 
1 and are unlikely to represent concentrations that would result in adverse effects. In addition, 
most of the risk to invertebrates from manganese is from the background contribution, and the 
spatial distribution of elevated concentrations is minimal. 
 

Table J-4. Summary of COPEC Hazard Quotients 
 

DOE Area 
Manganese Selenium 

Plants Soil Invertebrates Plants 
SWERA HQ Updated HQ SWERA HQ Updated HQ SWERA HQ Updated HQ 

DSS 1 1.8 4.0 NA 2.0 1.4 2.7 
DSS 4     2.0 3.8 
DSS 5     1.3 2.5 
DSS 7 1.6 3.6 NA 1.8   
WDPs     1.8 3.5 
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J1.2 LOAELs and NOAELs 
 
In the SWERA (BBL 2006), food web toxicity reference values (TRVs) were used to evaluate 
health risks to wildlife (birds and mammals). The hierarchy of sources for these TRVs was: 

• EPA Region 9 Biological Technical Assessment Group (BTAG; TRVs) (U.S. Navy 1998) 

• EPA’s Eco-SSLs (EPA 2005) when no BTAG TRV was available 

• Oak Ridge National Laboratory toxicity benchmarks (Sample et al. 1996) when no BTAG 
TRV or Eco-SSL was available 

• Chronic NOAELs derived from specific studies in the scientific literature 
 
The TRVs used in the SWERA are listed in Table 2-8 of that document. TRVs for mammals and 
birds from the SWERA and the updated SSL documents were compared where the SSL was the 
reference listed in Table 2-8. TRVs remained the same for each constituent except for those in 
mammals for hexavalent chromium. In this case, the TRV increased from 5.66 milligrams per 
kilogram per day (mg/kg-d) to 9.24 mg/kg-d. Therefore, risks are lower using the new values. No 
further evaluation of hexavalent chromium was conducted. 
 
 

J2.0 Conclusions 
 
After this Five-Year Review evaluation and accounting for the updated SSL values, the 
calculated ecological HQs changed by 2.5 times or less and TRVs remained the same or 
indicated lower ecological risk than calculated in the SWERA. Based on this, the conclusion is 
that the risks to ecological receptors remain similar to the risks estimated in the SWERA 
(BBL 2006) and, therefore, remain acceptable. 
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