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EXECUTIVE SUMMARY 

This report presents the results of investigations conducted to address data gaps that needed 
to be filled prior to completion of the Feasibility Study (FS) for remediation of the University of 
California Davis (UC Davis) areas of responsibility at the Laboratory for Energy-Related Health 
Research / South Campus Disposal Site (LEHR/SCDS or the Site).  These investigations were 
conducted according to the work scope outlined in Feasibility Study Data Gaps Work Plan (Weiss 
Associates, 2008a) to address data gaps related to the: 1) areas of elevated hexavalent chromium 
[Cr(VI)] in groundwater; 2) potential impact to groundwater from constituents in UC Davis former 
disposal units (DUs); and, 3) potential vapor intrusion into indoor air for volatile constituents in UC 
Davis former DUs.  This report is organized into four sections: Section 1 discusses the Data Gaps 
investigations and results related to Cr(VI); Section 2 presents the DU soil-to-groundwater potential 
impact evaluation and results; Section 3 presents the DU potential vapor intrusion evaluation and 
results; and Section 4 includes references cited in the first three sections. 

Chromium Investigations and Results:  Cr(VI) has been identified as a constituent of concern 
(COC) in Site groundwater and therefore must be addressed in the FS.  The primary purpose of the 
Data Gaps investigations related to Cr(VI) was to provide data to support the development of a site 
conceptual model to describe the likely source and nature of above-background Cr(VI) occurrence at 
the Site.  In addition, the Data Gaps investigations were designed to provide better definition of the 
Cr(VI) distribution in hydrostratigraphic unit 1 (HSU-1) and HSU-2 at and near the Site, and to gain 
a better understanding of chromium (Cr) fate and transport in the subsurface.  The planned Cr Data 
Gaps investigation tasks included: 1) records review; 2) multi-port well UCD1-27 rehabilitation; 3) 
discrete-interval soil and groundwater Cr and geochemical analyses for two borings in the elevated 
Cr area and two background borings extending into the top of HSU-2; 4) HSU-1 hydropunch 
sampling at six locations to better define the area of elevated Cr(VI); 5) installation of two new  
HSU-1 wells based on the hydropunch results, and two new downgradient HSU-2 wells to better 
define and monitor the groundwater Cr(VI) concentration distribution; 6) contemporaneous sampling 
and geochemical analysis of groundwater from these new and selected existing HSU-1 and HSU-2 
wells; and, 7) evaluation of all data gaps and historic Cr(VI)-related data.  These tasks were 
conducted with only minor deviations from the plan, and these deviations had no significant impact 
on achievement of the data quality objectives (DQOs). 

Key conclusions and recommendations based on the Cr(VI) Data Gaps tasks are: 

• The geology, hydrogeology, and geochemistry of HSU-1 at the Site provide the 
conditions necessary to potentially generate and maintain Cr(VI) in 
groundwater, including: 1) soil very high in Cr and manganese (Mn) oxides; 2) 
groundwater with positive oxidation-reduction potential (ORP), high dissolved 
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oxygen (DO) and high alkalinity (bicarbonate); and 3) slow groundwater 
velocities resulting in relatively long groundwater resident times. 

• Although a definitive source and an explanation for the distribution of elevated 
Cr(VI) have not been identified, it appears that: 1) it is likely that an 
anthropogenic effect is enhancing the oxidation of the naturally-occurring Cr; 2) 
organic carbon waste is the most likely anthropogenic effect causing this 
enhanced oxidation, through one of three possible mechanisms; and, 3) this 
organic carbon waste was probably not disposed in the area(s) of current 
elevated Cr groundwater concentrations. 

• The “source” of the elevated Cr(VI) appears to be depleting or depleted based 
on declining or stable Cr concentrations in most HSU-1 wells.  If the “source” 
was organic carbon from onsite waste disposal, its depletion is also indicated by 
the highest Cr groundwater concentrations being located significantly 
downgradient from disposal area(s). 

• Bench tests were performed (July to September 2009) to evaluate whether 
Cr(VI) concentrations in Site groundwater could be reduced to Cr(III) through 
the addition of various reducing agents.  The results of these bench tests were 
used to begin evaluating whether the Cr(VI) can be reduced without undesirable 
groundwater impacts.  These tests also included a “re-oxidation” phase to 
evaluate whether the reduced Cr(III) is readily oxidized back to Cr(VI) once 
natural, baseline conditions are restored.  Bench test results indicated that: 1) 
calcium polysulfide (CaSx) effectively reduced groundwater Cr(VI); 2) although 
groundwater arsenic and other metal concentrations increased due to reduction 
by CaSx, these concentrations were restored to near baseline levels during the 
re-oxidation test; 3) no significant Cr re-oxidation was observed in the initial 
bench tests; and, 4) although CaSx treatment increased groundwater sulfate 
concentrations in the initial bench tests, additional bench testing indicates that 
the CaSx dose can be reduced, thereby reducing sulfate generation.  Based on 
preliminary findings, the LEHR Team regulators (i.e., the United States 
Environmental Protection Agency [US EPA], Central Valley Regional Water 
Quality Control Board [CVRWQCB], Department of Toxic Substances Control 
[DTSC], and California Department of Public Health Radiologic Health Branch) 
agreed during an August 25, 2009, conference call that a field test of CaSx could 
be performed.  Therefore, a pilot test work plan for in situ reduction of 
chromium, including the laboratory bench-test results, was submitted, approved 
by the LEHR Team regulators, and finalized on January 7, 2010 (Weiss, 2010a).  
The CaSx field pilot-scale test is currently underway.  

• With the completion of the Data Gaps investigations and based on the results, 
the current Site groundwater monitoring well network may be adequate for long-
term monitoring of elevated Cr.  Following the Data Gaps work described in this 
report, one additional HSU-1 well (UCD1-67) was installed north of the Site to 
improve definition of Cr and other constituents in this area (Weiss, 2009).  This 
new well and the three new HSU-1 and two new HSU-2 Cr definition Data Gaps 
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monitoring wells have been added to Site groundwater monitoring program, 
with specific monitoring recommendations included in the recently submitted 
Draft Work Plan for 2010 Well Monitoring (Weiss, 2010b).       

DU Soil-to-Groundwater Impact Evaluation: To evaluate remedial options for the UC Davis 
disposal units, protection of groundwater from chemicals of concern (COCs) in these units must be 
addressed. This pathway had not been thoroughly addressed prior to the Data Gaps work, in part 
because the previously planned presumptive remedy (i.e., capping) involves engineered controls to 
protect groundwater from landfill leaching (UC Davis, 2006).  A preliminary evaluation of potential 
groundwater impacts was conducted in early 2008 (Brown and Caldwell, 2008b), however, this 
evaluation had limitations. The DU soil-to-groundwater impact Data Gaps tasks addressed the 
limitations of this previous evaluation through collection of new data and use of evaluation methods 
previously approved and applied at LEHR/SCDS (Weiss, 2005).  These Data Gaps tasks included: 1) 
hydropunch groundwater sampling to determine the need for and locations of new DU HSU-1 
monitoring wells; 2) based on these hydropunch results, installation of four new HSU-1 wells for DU 
monitoring; 3) four quarters of groundwater monitoring of these four new wells, with analysis for the 
full suite of potential Site contaminants; 4) collection of vadose zone soil and soil gas and first 
groundwater samples from each DU, with soil analyzed for physical properties and/or nonvolatile 
chemicals of potential concern for groundwater impact, soil gas analyzed for volatile organic 
compounds (VOCs), and groundwater analyzed for the full suite of identified chemicals of potential 
concern; and, 5) development of vadose zone screening levels for groundwater protection based on 
the new and existing Site data and using the previously-approved modeling approach (Weiss, 2005), 
followed by risk characterization using these vadose zone screening levels and other information to 
identify groundwater impact COCs for each disposal unit using approved methods (Weiss, 2005). 

Key conclusions and recommendations based on the DU soil-to-groundwater impact 
evaluation are: 

• With the completion of the Data Gaps investigations, sufficient vadose zone soil 
and soil gas data and HSU-1 groundwater data were available to meet the DQOs 
specified in the Data Gaps Work Plan (Weiss, 2008a) and adequately assess the 
current and potential future impact of the UC Davis DUs on groundwater. 

• The soil-to-groundwater impact evaluation was conducted following the same 
conservative and LEHR Team-approved approach and parameters used by DOE, 
so the evaluation provides results that are valid and sufficiently conservative for 
use in the FS. 

• The identified groundwater impact COCs for each DU are listed below.  
Preliminary soil cleanup levels for these COCs are either background or the 
lowest available practical quantitation limit, with the exception of those for 
carbon-14 (C-14) and tritium in the Waste Burial Holes (WBHs), which are the 
calculated vadose zone screening levels. 

o Eastern Trenches: C-14; tritium; chloroform; 1,1-dichloroethane (1,1-DCA); 
1,2-DCA; 1,2-dichloropropane; 1,4-dioxane 
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o Landfill Unit 1 (LFU1): copper; selenium; C-14 

o Landfill Unit 2 (LFU2): cadmium; C-14; acetone; chloroform; 1,1-DCA; 1,2-
dichloropropane; 1,4-dioxane 

o Landfill Unit 3 (LFU3): barium; cadmium; copper; C-14 

o WBHs: C-14; tritium; 1,4-dioxane 

o Southern Trenches: none identified.    

• UC Davis recommends that these COCs and their preliminary cleanup levels, 
along with human health-based COCs and preliminary cleanup levels, be used in 
developing and evaluating remedial alternatives in the FS. 

• With the completion of the Data Gaps investigations and based on the results, 
the current Site groundwater monitoring well network is adequate for long-term 
monitoring of potential impact directly down-gradient of the UC Davis DUs.  
The four new HSU-1 DU Data Gaps monitoring wells have been added to the 
Site groundwater monitoring program, with specific monitoring 
recommendations included in the recently submitted Draft Work Plan for 2010 
Well Monitoring (Weiss, 2010b). 

DU Vapor Intrusion Evaluation: The primary purpose of this evaluation was to reassess the 
potential vapor intrusion risk associated with VOCs present in the disposal areas, and to then 
determine whether revisions to the Human Health Risk Characterization for UC Davis Areas (UC 
Davis, 2006) are warranted based on that assessment.  Potential risks due to VOC vapor inhalation 
had been evaluated in the Risk Characterization Report for UC Davis areas (UC Davis, 2006); 
however, the LEHR Team regulators requested additional evaluation based on the new, depth-
discrete soil gas data collected during the Data Gaps investigations and following updated 
methodology.  The soil gas and soil property analyses conducted for the evaluation of potential soil-
to-groundwater impact during this investigation (see above) also provided data for evaluating 
potential vapor intrusion risks.  Using the California DTSC vapor intrusion model (DTSC, 2007) and 
representative soil properties, area- and depth-specific vapor intrusion screening levels were 
calculated for each VOC of potential concern in each UC Davis disposal area.  These screening 
levels were then compared with the new Data Gaps soil gas results to determine if any of the VOCs 
detected present a potential vapor intrusion risk. In addition to VOCs, each soil gas sample was also 
screened for methane to evaluate whether it is present at significant levels in any of the disposal 
units. 

Key conclusions and recommendations based on the DU vapor intrusion evaluation are: 

• Several VOCs (e.g., chloroform, tetrachloroethene, and 1,2-dichloropropane) in 
the LFU2/Eastern Trenches area are at high enough concentrations to be of 
potential concern for vapor intrusion under potential future Site use scenarios.   
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• This conclusion is consistent with the previous Risk Characterization Report for 
the UC Davis areas (UC Davis, 2006).  Still, a reassessment of the human health 
risk for these areas is recommended to account for the new soil gas data 
collected during the Data Gaps investigations and recent revisions to the State’s 
model for assessing vapor intrusion risk.   

• In addition, 1,3-butadiene was detected in soil gas at LFU1 and other UC Davis 
disposal areas.  This organic gas is a probable human carcinogen that had not 
been analyzed for prior to the Data Gaps investigations.   

• Therefore, the human health risks previously calculated and the risk 
characterization previously conducted for the UC Davis disposal areas (UC 
Davis, 2006) will be updated, and the results will be used to develop preliminary 
risk-based cleanup levels for use in the FS.  This update will also include a 
review of the soil and groundwater risk evaluation to address any changes in 
toxicity data and other new data collected since the UC Davis Risk Assessment 
(UC Davis, 2005) was completed.  The risk evaluation update and resultant 
preliminary cleanup levels will be presented in an upcoming LEHR Team 
meeting and will be included as an appendix to the FS. 

• No methane was detected in soil gas from any of the DUs; and based on these 
results, no additional methane evaluation is warranted. 
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1 CHROMIUM INVESTIGATION 

1.1 Background and Introduction 

This section (Section 1) of the report presents the results for the Data Gaps investigations 
focused on elevated hexavalent chromium [Cr(VI)] that were conducted to provide data needed to 
complete the Feasibility Study (FS) for the University of California Davis (UC Davis) areas of 
responsibility at the Laboratory for Energy-Related Health Research / South Campus Disposal Site 
(LEHR/SCDS or the Site).  Cr(VI) has been identified as a constituent of concern (COC) in 
groundwater and therefore must be addressed in the FS.  The primary purpose of the Data Gaps 
investigations related to Cr(VI) was to provide data to support the development of a site conceptual 
model to describe the likely source and nature of above-background Cr(VI) occurrence at the Site.  In 
addition, the Data Gaps investigations were designed to provide better definition of the Cr(VI) 
distribution in hydrostratigraphic unit 1 (HSU-1) and HSU-2 at and near the Site, and to gain a better 
understanding of chromium (Cr) fate and transport in the subsurface.  This enhanced understanding 
of Cr(VI) was needed in order to develop possible remediation strategies in the FS. 

This sub-section (Section 1.1) provides a general overview of Cr geochemistry, a brief 
background on known Site Cr(VI) conditions prior to the Data Gaps investigations, and a summary 
of the Data Gaps Cr(VI) tasks, purpose and scope, as defined in the Feasibility Study Data Gaps 
Work Plan (Weiss, 2008a) and modified during implementation. Section 1.2 presents the Data Gaps 
Cr(VI)-related results, and evaluations and interpretations based on these results and previous data.  
Section 1.3 presents conclusions based on the results and data evaluation, and discusses how this 
information will be used in the FS.  

1.1.1 Chromium Environmental Geochemistry 

While the average concentration of Cr in the earth’s crust is approximately 100 milligrams 
per kilogram (mg/kg) (Nriagu et al., 1988), low silica, igneous and metaigneous (ultramafic) rocks, 
such as the serpentinite source material for alluvial material underlying the Site, have much higher Cr 
concentrations, averaging approximately 2,400 mg/kg.  Previous project reports have discussed the 
Coast Range serpentinite source material present in Putah Creek deposits in the vicinity of the Site 
(e.g., Groundwater Source Investigation and Data Evaluation Report, Dames & Moore, 1999).  A 
recent regional soil and sediment geochemical study that included the UC Davis area was conducted 
by the United States Geological Survey (USGS), in which over 1300 archival soil samples were 
analyzed for 42 elements (Goldhaber et al., 2009).  The 20,000 square kilometer area of northern 
California used for this regional-scale study was chosen because soils in the area contain elevated 
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amounts of Cr and nickel in relation to average content of soils from the conterminous US.  This 
study demonstrates that a mixture of alluvium from ultramafic sources of the Coast Ranges and the 
Great Valley Group, which is itself enriched in mafic minerals, dominates the sediments contributed 
to the Cache and Putah Creek alluvial plains of the western Sacramento Valley, including where the 
Site is located (Goldhaber et al., 2009).  The study found that the elements, magnesium, Cr, cobalt, 
nickel, and vanadium are especially enriched on the west side of the Sacramento Valley and have 
affinities to mafic or ultramafic rock types. Cr found in most minerals, such as chromite 
([Fe,Mg]Cr2O4) and as a cation substitute in other minerals, generally occurs in its trivalent form 
(Nriagu et al., 1988).   Anthropogenic sources of Cr can be in either the trivalent or hexavalent form.  

Once in the aqueous environment, the geochemistry of Cr is quite complex due to its two 
common stable oxidation states, the cation trivalent chromium [Cr(III)] and the oxyanion Cr(VI) as 
chromate [CrO4

-2] or hydrochromate [HCrO4
-], which have greatly different toxicity and transport 

characteristics. While Cr(III) is the predominant form in reducing to moderately oxidizing waters, it 
generally does not enter solution because it is strongly sorbed on mineral surfaces (Guertin et al., 
2005).  However, experiments by Oze et al., 2007, have demonstrated that although chromite is 
considered geochemically inert, accelerated dissolution of chromite and subsequent oxidation of 
Cr(III) to aqueous Cr(VI) is feasible in the presence of manganese minerals.  The solubility and 
dissolution rates of the Cr(III) host minerals,  the solution pH and the accessibility of aqueous Cr(III) 
to mixed valences Mn(IV/III) oxides in ultramafic rocks thereby control the rates of the aqueous 
Cr(VI)  production.  Additionally, the aqueous concentrations of Cr(VI) derived from these 
ultramafic and serpentinite materials are dependent on the mass balance between average rates of 
production and consumption.  The consumption of Cr(VI) and production of Cr(III) is primarily 
linked to activities of microorganisms and to sorption of Cr(VI) onto trivalent iron and aluminum 
oxides (Oze et al., 2007).   

Non-chelated aqueous Cr(III) can be quickly oxidized to Cr(VI) by manganese oxides, 
however, the fate of organically chelated Cr(III) is yet not fully understood.  Many organic 
compounds in the soil environment can chelate Cr and maintain it in soluble forms.  Studies have 
shown that Cr(III) can be chelated by low to moderate molecular weight organic compounds such as 
fulvic and citric acids, and thus remain stable and soluble in solution at higher pH than unbound 
Cr(III).  This soluble, organically bound Cr(III)  may subsequently oxidize to Cr(VI) since it is 
mobile enough to come in contact with immobile manganese oxide surfaces (United States 
Environmental Protection Agency [US EPA], 2000; Bartlett, 1991), which are common in deposits 
derived from ultramafic rocks.  However, these complexes form slowly, and once formed are 
difficult to break (Hossner et al., 1998).  In addition, Cr(III) is in competition with other cations, 
notably Fe(III), for the chelate.  Fe(III) chelation could greatly limit the extent of Cr(III) chelation 
due to the much greater quantity of Fe(III) relative to Cr(III) within the soil.  It is therefore not well 
understood if organically chelated Cr(III) is a major source of Cr(VI). 

The oxidation of Cr(III) by manganese oxide, which serves as the electron acceptor, occurs in 
aerobic but not in anaerobic sediments. Oxidation of Cr(III) by dissolved oxygen (DO) is possible 
but insignificant when compared with manganese oxide, which is the primary oxidant of Cr(III) in 
natural systems (Schroeder and Lee, 1975; Izbicki et al., 2008; Oze et al., 2007). Although 
manganese oxides are typically small and in low-abundance, their chemical influence on the soil 
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system is significant due to their dynamic redox behavior and surface characteristics (i.e., high 
negative surface charge, large surface area, low crystallinity) (Negra et al., 2005). Manganese oxides 
are powerful oxidizers and substantial evidence exists that manganese abundance is positively 
correlated to Cr being oxidized in soils. However, despite the fact that manganese oxides have been 
extensively studied, significant gaps in knowledge of the manganese distribution in bulk soil exist 
(UC Davis, 2003; Negra et al., 2005). Manganese oxides/hydroxides are largely present in the fine-
grained fraction of the soil, and are present as dispersed particles or small nodules and poorly 
crystalline masses or soil coatings. Their unusually high adsorption and scavenging capacities 
provide one of the major controls of trace metals in soil systems (UC Davis, 2003). 

Recent experiments indicate that serpentinite-bearing soils (such as those at LEHR) 
containing a common manganese oxide mineral (suspected to be present at LEHR based on source 
rock, soil manganese concentrations, Site redox conditions, and abundant black minerals reported in 
boring logs) and at pH/Eh conditions similar to those at LEHR/SCDS (i.e., circum-neutral pH and 
high Eh, or oxidation-reduction potential [ORP]) can generate Cr(VI) at such a rate that pore water 
concentrations exceed 50 micrograms per liter (µg/L) in 100 days (Oze et al., 2007). While Cr(VI) is 
typically sorbed by iron oxides at acidic and near neutral pH, it is not strongly sorbed at higher pH 
(Izbicki et al., 2008). Other factors affecting the degree to which Cr(VI) is present in groundwater, 
rather than being sorbed to oxides, include its ionic strength (Izbicki et al., 2008) and the presence of 
“competing” anions such as sulfate, phosphate, or nitrate (Guertin et al., 2005). In Western Australia, 
naturally high Cr(VI) has been shown to correlate directly with the presence of ultramafic rocks 
regardless of water pH, with groundwater concentrations as high as 430 µg/L reported (Gray, 2003).  
Dissolved Cr(VI) concentrations as high as 700 µg/L in pore-water have been reported for soils 
derived from ultramafic rocks in New Caledonia (Oze et al., 2007). These soils had been amended 
with phosphate as a nutrient, which displaced Cr(VI) from mineral surfaces and contributed to the 
highest reported natural Cr(VI) concentrations (Oze et al., 2007).  In the Mojave Desert, higher 
Cr(VI) concentrations have been correlated with higher sulfate concentrations associated with animal 
wastes (Izbicki et al., 2008). 

Reduction of Cr(VI) to Cr(III) occurs through both biotic and abiotic processes in the 
presence of organic material and other reducing agents (Izbicki et al., 2008). Reduced Cr(III) rapidly 
precipitates (as a chromium or chromium-ferric hydroxide) or adsorbs on existing minerals, thus 
being removed from solution.  Cr(VI) can be reduced to immobile Cr(III) in the subsurface by redox 
transformations that depend on pH, oxygen concentration, nitrate concentration, presence of naturally 
existing reductants, and ligands. It has been thought that reductions of Cr(VI) to Cr(III) can occur in 
soils of normal pH and redox conditions; however, investigations have shown that reduction of 
Cr(VI) in soil under normal pH is not very rapid under aerobic conditions (Guertin et al., 2005). Soil 
organic matter and the associated microbial communities present, have been shown to be complex 
and central to the environmental fate of Cr(VI).  It has been suggested that Cr(VI) reduction under 
anaerobic conditions transpires mainly from iron-reducing bacteria feeding on organic matter and 
linking this to Fe(III) reduction.  A product of the reaction is microbially-generated Fe(II), which 
then acts as a facile reductant of Cr(VI) (Guertin et al., 2005).  Recently it has been suggested that 
Cr(VI) reduction may also be limited by the presence of nitrate, which provides a more 
thermodynamically favorable electron acceptor (USGS, 2008; Izbicki et al., in press). Especially in 
sandy soils and soils that have low organic content, chromate can be relatively stable and highly 
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mobile (Guertin et al., 2005). Studies demonstrate that the aqueous phase contributes less than one 
percent of the oxidation and reduction capacities of aquifer systems, while the solid matrix 
contributes the remaining fraction. Thus, any discussion of Cr(VI) reduction or Cr(III) oxidation in 
the subsurface must focus on the solid matrix (Barcelona and Helom, 1991; UC Davis, 2003). 

1.1.2 Pre-Data Gaps Understanding of Chromium at the Site 

Several investigations focused on the elevated Cr(VI) in HSU-1 at LEHR/SCDS had been 
conducted prior to the Data Gaps investigation (UC Davis, 2003; Brown and Caldwell, 2008a).  As 
presented in the work plan (Weiss, 2008a), the pre-Data Gaps understanding of conditions and 
outstanding questions related to Cr(VI) were: 

(1) Site conditions had been shown to be favorable for naturally-occurring Cr(VI) in 
groundwater.  Soil at the Site is partly derived from ultramafic rocks of the Coast Ranges and is 
naturally high in Cr (up to 306 mg/kg measured in background samples) and manganese oxides 
needed to oxidize Cr.  Site groundwater conditions are oxic so that Cr(VI) tends to persist in 
groundwater once it is formed. 

(2) Site had been shown to be in an area where natural Cr(VI) is known to occur in 
groundwater.  USGS reports that groundwater with 30 to 50 μg/L Cr is not uncommon in the area 
(USGS, 2006).  Supply wells south of Putah Creek in an area not impacted by the Site have reported 
Cr concentrations as high as 180 μg/L. 

(3) Neither anthropogenic sources of Cr nor Cr(VI)-enhancing geochemical changes had 
been identified through environmental investigations as impacting Site soil or groundwater, and the 
cause of the elevated Cr in HSU-1 groundwater remained unclear. Several proposed hypotheses 
remained unproven.  

(4) Elevated (i.e., greater than 50 µg/L) Cr in HSU-1 groundwater occurs most notably in an 
“anomalous Cr area” near well UCD1-28, where concentrations have been stable above 400 ug/L for 
over ten years. 

(5) Defined lateral extent of elevated Cr in HSU-1, although adequate, needed some 
improvement.  In addition, the “background” Cr(VI) level in HSU-1 in the area has not been defined.   

(6) HSU-2 Cr concentrations in LEHR/SCDS are generally less than 70 µg/L and were not 
believed to significantly impact HSU-2 above the regional “background” level, although this level 
has not been established. Additional characterization data were needed to confirm whether significant 
impacts from the Site are occurring now, or if they could occur in the future. 

1.1.3 Chromium Tasks, Purpose and Scope 

The following summarizes the Cr tasks proposed in the Work Plan and describes each task’s 
intended purpose.  Section 1.1.4 below and Table 1-1 summarize the scope of work for each of the 
tasks, and discuss variances from the proposed work and the reasons for these variances. Figure 1-1 
shows all the Data Gaps sampling locations for the Cr tasks. 
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Task Cr1: Records Review and Analysis.   The purpose of this task was to review available 
data and information in light of potential Cr(VI) source mechanisms to help determine specific 
sampling locations and the analytic plan for the detailed Cr evaluation (Task Cr3).  Much of Task 
Cr1 was completed during preparation and finalization of the Work Plan. 

Task Cr2: Leak-testing, Pumping and Sampling of UCD2-27 Well “Cluster”.  The plan was 
to rehabilitate and re-sample this multi-port well so as to obtain reliable depth-discrete HSU-1 and 
HSU-2 groundwater Cr and related geochemical data, which may have been useful in understanding 
the Cr(VI) source mechanism and transport between HSU-1 and HSU-2.  However, as described in 
Section 1.1.4, this task was not completed due to the well conditions. 

Task Cr3: Discrete Interval Soil and Groundwater Geochemical Sampling.  The purpose of 
this task was to provide data for comparing vadose zone and HSU-1 soil lithology and 
soil/groundwater geochemistry in background and Cr anomaly area locations for insight into Cr(VI) 
source and for use in evaluating potential remedial alternatives. 

Task Cr4:  Chromium HSU-1 Hydropunch Investigation.  This purpose of this task was to 
better delineate the extent of elevated HSU-1 groundwater Cr to guide the locations of new wells 
(Task Cr5). 

Task Cr5: New Well Installation.  The purpose of this task was to provide additional long-
term monitoring wells for tracking the Cr groundwater plumes in HSU-1 and HSU-2.  These wells 
also help define the HSU-1 and HSU-2 chloroform plumes, and one of the wells also serves as a new 
downgradient monitoring well for Landfill Unit (LFU) 1 (see Section 2.2). 

Task Cr6: Well Water Geochemical Analysis.  The purpose of this task was to provide 
comprehensive, contemporaneous geochemical data for the new and selected existing wells that 
could provide insight into the Cr(VI) source and distribution, as well as providing data for evaluating 
remedial options. 

Task Cr7: Data Evaluation.  The purpose of this task was to incorporate the new Data Gaps 
data with the existing Site data to assess: 1) the source of elevated Cr in groundwater; 2) the extent 
and temporal evolution of elevated Cr in HSU-1; 3) the impact of elevated Cr in HSU-1 on HSU-2; 
and, 4) the future fate of elevated Cr in groundwater, with or without remediation. 

1.1.4  Chromium Data Gaps Investigation Activities 

Sample locations for the Cr Data Gaps field work are shown on Figure 1-1.  With the 
exception of the four quarters of Cr monitoring of groundwater wells, the Cr Data Gaps field work 
was conducted in late September and early October 2008.  The quarterly sampling events were 
conducted in early October 2008 (summer event), early December 2008 (fall), February 2009 
(winter), and May 2009 (spring).  To the extent possible, the Data Gaps sampling events were 
conducted to coincide with the quarterly schedule already established for the routine site-wide 
groundwater monitoring program.  These routine events were scheduled to occur in August and 
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November of 2008 and February and May of 2009.  The only significant deviation from this schedule 
was for the August (summer) event, which was delayed until early October because installation and 
development of the new Data Gaps monitoring wells was not completed until that time.  Because the 
rainy season had not begun and the water levels were significantly lower during the October event 
than during the previous and subsequent events, the results for this event are considered 
representative of summer conditions and this delay has no significant effect on achieving DQOs.  
The fall (December) event was only delayed a few weeks from the planned monitoring schedule and 
the February (winter) and May (spring) events were conducted according to schedule.  With a few 
minor exceptions (Table 1-1), the field and laboratory activities for the Cr Data Gaps tasks were 
conducted in accordance with the Feasibility Study Data Gaps Work Plan (Weiss, 2008a), including 
compliance with the Project Health and Safety Plan (HSP) (Weiss, 2008b), and the Quality 
Assurance Project Plan (QAPP) (Dames & Moore, 1998, as revised by Weiss, 2008c).  Table 1-1 
summarizes the work as it was proposed in the Work Plan, and describes all deviations from the 
proposed work and the rationale for these changes.  None of these changes has a significant impact 
on meeting the Cr investigation data quality objectives (DQOs) that were presented in the Work Plan 
(Weiss, 2008a). 

1.2 Chromium Investigation Results 

1.2.1 Summary of Data Evaluated 

The following summarizes the information and data that were considered as part of the Data 
Gaps evaluation to better understand Cr(VI) source, distribution, fate, and transport: 

Site and Surrounding Area Use Information:  The Remedial Investigation (RI) report (UC 
Davis, 2004) and other previous investigation reports; historical aerial photographs; historical 
topographic maps; other historical maps and drawings; University archive documents on landfill and 
old wastewater treatment system; first-person anecdotal information; information on land use at other 
sites with elevated groundwater Cr(VI). 

Hydrogeologic/geologic information: RI and other previous investigation reports; boring logs 
for previous and Data Gaps boreholes (Appendix A); pump test results; HSU-1 and HSU-2 historical 
groundwater elevation contour maps; water level versus time plots for individual wells; drawdown 
during well purging records; downhole magnetic susceptibility, gamma and conductivity logging of 
selected Site wells; hydrogeologic/geologic information for other sites with elevated groundwater 
Cr(VI). 

Geochemical information: RI and other previous investigation reports, including two 
specifically focused on Cr(VI) (UC Davis, 2003, UC Davis, 2004, Geomatrix, 2005, and Brown and 
Caldwell, 2008a); previous and Data Gaps chromium, other metals, cation/anion, pH, ORP, and other 
geochemical data for soil and groundwater; results of previous and Data Gaps laboratory extraction 
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tests performed by PRIMA Environmental (Appendix B) and Chung et al. (2001); stable Cr isotope 
data for two Site wells; geochemical data for other sites with elevated groundwater Cr(VI).  

1.2.2 Chromium Distribution in Groundwater 

This section presents the current understanding of Cr distribution in HSU-1 and HSU-2 
groundwater and its variability over time.  Interpretation of what these data may mean in terms of 
source mechanism and fate and transport is presented in subsequent sections. 

Past groundwater analyses at the Site indicated that the Cr in groundwater is essentially all in 
the Cr(VI) form, and the Data Gaps investigations have corroborated this.  As shown on Table 1-3, 
Cr and Cr(VI) results are very similar for those samples analyzed for both, with the Cr(VI) 
concentration ranging from 85% to 140% of the Cr concentration.  Given analytical uncertainty, 
these results can be considered essentially equivalent; therefore all discussions of Cr in groundwater 
can also be considered discussions of Cr(VI) in groundwater. 

1.2.2.1 HSU-1 Groundwater 

The distribution of Cr in HSU-1 groundwater based on recent monitoring well data, 
November 2007 hydropunch data, and Data Gaps hydropunch data collected in September 2008 is 
depicted on Figure 1-2, and Cr data for the selected wells sampled quarterly for the Data Gaps 
investigation are shown on Table 1-2.  As shown, Cr in groundwater is highest in the vicinity of well 
UCD1-28, where concentrations exceed 400 µg/L in wells UCD1-028 and UCD1-053, and were 
530 µg/L in Data Gaps hydropunch sample HSCr-2 (706 µg/L was reported for 2007 hydropunch 
sample, HPCr-11, at this same location). Cr concentrations appear to decrease in all directions from 
this area, with a gentler concentration gradient decrease to the southwest and north/northeast, and a 
much steeper gradient decrease to the east/southeast to values below 50 µg/L.  A “background” 
concentration for Cr(VI) in groundwater in the area has not been defined; however, UC Davis is 
currently working towards establishing one in response to a Central Valley Regional Water Quality 
Control Board  (CVRWQCB) request (CVRWQCB, 2009).   

Cr concentrations over time in HSU-1 wells are presented on Figures 1-3 and 1-4.  As shown 
on these figures, HSU-1 Cr concentrations have generally declined since the early 1990s.  The most 
notable decreases have occurred in the well UCD1-25 Cr concentration, which has decreased steadily 
from approximately 400 µg/L in the mid-90s to approximately 75 µg/L in recent samples; the well 
UCD1-11 Cr concentration, which decreased from over 300 µg/L in the early 1990s to approximately 
150 µg/L, where it has remained since 2003; and the well UCD1-12 Cr concentration, which 
decreased from approximately 250 µg/L in the early 90s to approximately 100 µg/L in 2001 and then 
increased slightly to approximately 120 to 140 µg/L, where it has remained since 2003.  As shown on 
Figures 1-3 and 1-4, Cr concentrations in other HSU-1 wells have shown less dramatic decreases or 
have remained relatively stable over time.  As shown on Figure 1-4, many of the lower Cr 
concentration wells showed significantly higher and more variable Cr concentrations prior to 1994.  
This may indicate actual variability in Cr concentrations in these wells during this time, or may 
reflect the less rigorous sampling/analysis protocols used during this early phase of the project.  A 
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review of the UC Davis LEHR/SCDS chemical database did not indicate any recorded differences in 
sampling or analytic methods that would explain the variability. 

There is no apparent link between groundwater levels or flow and the long-term decreasing 
concentration Cr trends observed in HSU-1 wells.  Graphs showing water levels and Cr 
concentrations over time for HSU-1 wells are included on the CD in Appendix F.  While water levels 
reached lower elevations and measured Cr concentrations were higher in the early 1990s than they 
have been since, sampling and analytic documentation is less reliable for this timeframe and this 
potential correlation is not confirmed by data collected since the early 1990s.  Variability over time 
in the direction and magnitude of both the horizontal and vertical HSU-1 groundwater gradients was 
also compared with Cr concentration and no apparent correlations were noted.  Wells UCD1-11 and 
UCD1-12 are located immediately downgradient of UC Davis DUs, and the significantly decreasing 
trend observed in these wells may reflect the natural depletion of whatever had caused the elevated 
Cr concentrations in those wells (see Section 1.3 for discussion of potential mechanisms). 

The more dramatic and ongoing decrease in Cr concentration in downgradient well UCD1-25 
may reflect a combination of depletion of upgradient “source” and localized reducing effects of 
nearby well UCD1-27.  Unlike the decreasing Cr trends in other HSU-1 wells, the decrease in well 
UCD1-25 Cr concentration has been accompanied by an increase in total organic carbon (TOC) and 
Mn concentrations.  As described in the Data Gaps Work Plan (Weiss, 2008a), nearby well UCD1-
27 is a multi-port monitoring well with three discrete, two-foot long screened intervals in HSU-1 
(and four discrete intervals in HSU-2).  Monitoring results for these HSU-1 intervals have been 
consistently anomalous, with very low Cr and significant Mn groundwater concentrations, suggesting 
locally reducing conditions.  Although no direct measurements of redox conditions (e.g., ORP or 
DO) are available, low nitrate concentrations and decreasing sulfate concentrations in well UCD1-
027Z1 might indicate slightly reducing conditions.  Nitrate concentrations in this particular interval 
Z1 averaged 3.8 mg/L from 2002 to 2006, while sulfate concentrations decreased from 115 mg/L to 
26.2 mg/L over the same time period.  Additionally, the detection of significant concentrations of 
dissolved Mn (average of 1,565 µg/L; 2002-2006) and dissolved nickel (average of 1,214 µg/L; 
2002-2006) suggests that oxide minerals are being reduced.  Although not all of the planned Data 
Gaps work on well UCD1-27 could be completed (see Table 1-1), it was confirmed that the well 
sampling and purge ports are not leaking, and therefore that the samples collected from these ports 
have been formation water and not stagnant casing water.  This, in combination with the data 
discussed above and trends observed in well UCD1-25, suggest that locally reducing conditions 
occur in the well UCD1-27 HSU-1 zones and that these conditions are increasingly affecting well 
UCD1-25, located less than 20 ft away.  Average TOC concentrations of 8.9 mg/L (2002-2006) were 
detected in well UCD1-027Z, which could foster these reductions by providing energy and carbon to 
microorganisms.  These microorganisms can then use nitrate or oxide minerals, such as manganese 
oxides, as electron acceptors, thereby creating reducing conditions.  The cause of these reducing 
conditions is unknown, although it is recorded that bentonite with a biodegradable coating was used 
to seal off the discrete monitoring zones and this may be the cause.  These results are of interest for 
the FS because they suggest that slightly reducing conditions that remove Cr(VI) from groundwater 
can be at least locally created and sustained in HSU-1 at the Site.   
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1.2.2.2 HSU-2 Groundwater 

The distribution of Cr in HSU-2 based on recent groundwater monitoring data is shown on 
Figure 1-5, and Cr data for the selected wells sampled quarterly for the Data Gaps investigation are 
shown on Table 1-2.  As with HSU-1, UC Davis is currently working to define a “background” level 
for Cr(VI) in area HSU-2 groundwater (CVRWQCB, 2009).  Site HSU-2 groundwater Cr 
concentrations are generally below 50 µg/L and comparable to offsite, presumably background well 
concentrations.  Exceptions exceeding 50 µg/L are three wells east/northeast of the Site, including 
new Data Gaps well UCD2-59 located approximately 1700 ft east/northeast of the Site; well UCD2-
46 located approximately 3500 ft northeast of the Site (Figure 1-5), both of which have 
approximately 60 µg/L Cr in groundwater; and well UCD2-56 located approximately 800 ft north of 
the northeastern corner of the Site (Figure 1-5), which has Cr reported at approximately 80 to 90 
µg/L.  Unlike most other “UCD2” wells, which either fully penetrate HSU-2 or are screened across 
the highly permeable HSU-2 gravels, well UCD2-56 is screened only in the upper 10 ft of HSU-2 
sand, which may explain the somewhat anomalously high Cr concentrations reported for this well.  

As discussed in the next section, many HSU-2 wells have had somewhat variable Cr 
concentrations over time, and some of these variations correlate with seasonal water level changes.  
However, with the exception of three monitoring wells near the HSU-2 groundwater extraction well 
that are showing an increasing Cr concentration trend (discussed in more detail in the next section), 
HSU-2 wells do not show any clear long-term concentration trends. 

1.2.2.3 Potential Impact of Chromium in HSU-1 on HSU-2 Groundwater 

While there is no direct correlation between the Cr concentrations reported for HSU-1 wells 
and nearby HSU-2 wells, Cr in HSU-1 appears to have some influence on HSU-2 concentrations 
based on:  

1. Increases in Cr concentration observed since 2006 for the HSU-2 groundwater extraction 
system and the three monitoring wells located close to the extraction well (i.e., wells UCD2-
29, UCD2-30, and UCD2-31) suggest that HSU-1 groundwater from the elevated Cr area 
overlying these HSU-2 wells is being drawn downward into HSU-2. 

2. Generally higher HSU-2 Cr concentrations at and to the east (downgradient) of higher Cr 
concentrations in HSU-1 suggest that HSU-1 Cr may be impacting HSU-2. 

3. Many HSU-2 wells have shown seasonal variations in Cr concentration that correlate with 
water level changes, with higher Cr concentrations observed during periods of lower water 
level (Geomatrix, 2005).  These wells are located in areas where the Cr concentrations in the 
overlying HSU-1 are significantly higher than those in HSU-2 (see graphs in Appendix F), 
suggesting increased Cr transport from HSU-1 into HSU-2 may occur when water levels are 
dropping and downward vertical gradients are present. 
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The groundwater modeling effort that is currently underway (UC Davis, 2009a) will significantly 
enhance the understanding of groundwater flow and Cr(VI) mass flux in and between HSU-1 and 
HSU-2.  Results of this modeling will be presented in an appendix to the FS. 

1.2.2.4 Regional and Other Sites 

As part of the Data Gaps investigations, available Cr data for other sites were considered.  
Data for studied sites not in the immediate vicinity of the LEHR/SCDS site are referred to in 
Section 1.1.1. Cr data for the immediate Site vicinity that were reviewed included data for wells on 
the neighboring supply well monitoring program.  Based on well construction information, which is 
available for only some of the wells, these supply wells primarily tap high-producing zones below 
HSU-2, with typical screened interval depths between 100 and 300 feet below ground surface 
(ft bgs).  As shown on Figure 1-6, available groundwater Cr data from these agricultural and 
domestic water supply wells in the immediate vicinity of the Site show concentrations ranging from 
as low as three µg/L in former well 22N immediately downgradient of the Site to as high as 180 µg/L 
in well CMDW located approximately a mile crossgradient from the Site and south of Putah Creek.  
The elevated Cr concentrations detected in well CMDW and several others south of Putah Creek 
indicate that elevated groundwater Cr is present in other nearby areas that are not impacted by Site 
activities.  Therefore, it appears that whatever has caused the elevated Cr at the Site may also be 
causing elevated Cr in other nearby areas. 

1.2.3 Evaluation of Potential Site Use History Effects on Cr(VI) Distribution 

Potential Site activities that could affect Cr(VI) distribution in groundwater fall under three 
categories:  1) activities that added Cr(VI) or total Cr to the subsurface; 2) activities that introduced 
oxidants that directly converted Cr(III) in the subsurface to Cr(VI); and, 3) activities that either 
enhanced the mobility of Cr(VI) or enhanced the mobility of Cr(III) and/or Mn-oxides such that these 
were brought into proximity of one another thereby enhancing the oxidation of Cr(III) to Cr(VI). 

Historical Site activities that could have potentially added Cr to the system include disposal 
of chromic acid or other Cr(VI) containing chemical either in one of the DUs or elsewhere at the Site.  
No records or evidence of Cr(VI) use or disposal were located; however, chromic acid may have 
been used for cooling towers, cleaning laboratory glassware, or other purposes at UC Davis, with the 
waste ending up in the DUs at the Site, either as waste chemical or within wastewater sludge.  Any 
Cr(VI) that ended up in wastewater and subsequently in wastewater sludge would have almost 
certainly been reduced to Cr(III).   Other potential anthropogenic sources of Cr(III) that may have 
been disposed of in the DUs include paint pigments, fertilizer, and chrome-plated metal.  Little 
evidence of metal debris and no evidence of paint or fertilizer were reported in the investigatory 
trench logs for the Site DUs.  

There is no evidence and it is unlikely that oxidants (e.g., permanganates or peroxides) were 
disposed of at the DUs in any significant quantity, so direct enhanced oxidation of Cr(III) is unlikely.  
On the other hand, there are several known or potential historical Site activities that could have 
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enhanced the mobility of Cr(VI), or enhanced the mobility of Cr(III) and/or Mn-oxides to result in 
increased oxidation to Cr(VI).  These are discussed further in Section 1.3.1 and include: 

• Wastewater sludge and other organic waste disposed of in DUs or elsewhere at 
the Site, which could generate reducing conditions that result in manganese 
mobilization, with downgradient re-oxidation and concomitant oxidation of 
Cr(III) to Cr(VI). 

• Organic waste disposed of in DUs or elsewhere at the Site that generates ligands 
that could complex with Cr(III) thereby mobilizing it and bringing it into contact 
with Mn-oxides for potential oxidation to Cr(VI). 

• Animal waste, fertilizer, or wastewater sludge, which could: a) provide 
phosphate and/or sulfate that could act as competing anions to displace any 
Cr(VI) sorbed to oxides or clays; and/or b) provide nitrate that could limit 
Cr(VI) reduction by providing a more thermodynamically-favorable electron 
acceptor. 

1.2.4 Evaluation of Potential Geologic/Hydrogeologic Effects on Cr(VI) Distribution 

One hypothesis for the source of elevated Cr(VI) in Site groundwater is that it is entirely 
naturally-occurring, and that the variability in concentration is due to geologic and/or hydrogeologic 
variability.  Geologic factors that could potentially result in variability in groundwater Cr(VI) include 
variability in the amount, distribution, and type of Cr-containing minerals; variability in the amount, 
distribution, and type of the manganese oxides that are known to oxidize the Cr; variability in the 
amount, distribution, and type of iron oxides to which Cr(VI) may bind; and variability in the amount 
of organic matter, which could affect metals oxidation state and hence metals mobility.  
Hydrogeologic factors that could potentially result in variability in groundwater Cr(VI) include 
variability in fresh water recharge, hydraulic conductivity, hydraulic gradients, and/or effective 
porosity, which could affect groundwater residence time, which could in turn potentially have an 
impact on Cr concentration variability. 

The evaluation of potential geologic influences on Cr(VI) distribution included: 
1) continuous logging of two boreholes in the area of elevated Cr (borings HSCr-1 and HSCr-2) and 
two boreholes in “background” areas (borings BGCr-1 and BGCr-2) through HSU-1 and into the top 
of HSU-2 (Appendix A), with particular attention to evidence of manganese oxides (black or brown-
black staining and specks) and iron oxides (rust-colored staining and specks); 2) review of existing 
boring logs and cross sections for evidence of manganese oxides, iron oxide, natural organic matter, 
and any other geologic differences in HSU-1 that might affect Cr distribution; and 3) review of 
USGS magnetic susceptibility logs, which provide an indication of the amount of magnetite present, 
which is a mineral often rich in chromium.  None of these provided evidence that the variability in Cr 
distribution is due to geologic variability.  Evidence of manganese oxides and iron oxides was 
reported commonly in HSU-1 deposits throughout the Site, regardless of Cr groundwater 
concentration.  Although conclusive field identification of Mn oxides is difficult, most Mn oxide 
minerals are brown-black and typically occur as intimately intermixed, fine-grained, poorly 
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crystalline masses or coatings (Post, 1999).  Therefore, the black staining and specks observed in the 
soil core were assumed to be Mn oxides. Similarly, iron oxides typically have a distinctive rust color, 
therefore the rust-colored staining and specks were assumed to be iron oxides. Although no X-ray 
diffraction or similar analyses were performed specifically on the presumed Mn/Fe minerals, the high 
concentrations of easily reducible Mn in soil from background and hotspot locations (see Section 
1.2.5 below) indicate that these soils contain significant Mn oxides.  Consistent with the field 
observations, no statistical difference between the Mn oxide concentrations in the hotspot and in the 
background locations was identified (Section 1.2.5).  Little evidence of natural organic matter was 
reported in any boring.  Although there may be a correlation between magnetic susceptibility and 
total Cr in soil, the amount of total Cr in soil does not correlated with the Cr(VI) concentration in 
groundwater (see Section 1.2.5). 

The evaluation of potential hydrogeologic influences on Cr(VI) included: 1) comparison of 
HSU-1 soil types and estimated permeabilities based on previous and Data Gaps boring logs; 2) 
comparison of previous HSU-1 well slug test results and drawdown during well purging; 3) review of 
historical HSU-1 groundwater elevation contour maps; and, 4) review of water levels over time and 
HSU-1/HSU-2 vertical gradient over time.  None of these data indicated potential variabilities that 
could explain the Cr(VI) distribution.  Variability in HSU-1 hydraulic conductivity based on soil 
types and available aquifer test results does not correlate with Cr(VI) variability.  Previous 
investigations (State Water Resources Control Board, 1996) indicate that Putah Creek provides 
significant recharge to both HSU-1 and HSU-2, and Putah Creek water is more reducing than HSU-1 
groundwater and contains only trace concentrations (averaging about 3 µg/L) of Cr(VI).  The 
hydraulic gradient in HSU-1 adjacent to the creek generally falls between approximately 0.001 to 
0.01 ft/ft, while it is essentially flat in the elevated Cr area around well UCD1-28, so the HSU-1 
apparently has a longer residence time in the UCD1-28 area.  Based on this, it is not surprising that 
the wells closest to Putah Creek have low Cr(VI) levels.  However, proximity to Putah Creek alone 
cannot explain the Cr(VI) distribution in HSU-1 groundwater across the Site, since there are areas of 
significantly lower Cr(VI) concentrations at greater distances from Putah Creek than the well UCD1-
28 area where the highest Cr(VI) concentrations are detected. 

While there do appear to be some correlations between water levels and Cr concentrations in 
both HSU-1 and HSU-2 wells, these correlations are not consistent and do not appear to explain the 
overall distribution of Cr(VI) in HSU-1.   As mentioned in Section 1.2.2.3 above, many HSU-2 wells 
have shown some correlation between seasonal water level changes and chromium concentration, 
with lower water levels correlating with higher Cr concentrations.  HSU-1 wells UCD1-13, UCD1-
19, and UCD1-20 also show evidence of higher Cr concentrations with seasonally lower water levels.  
However, longer-term water level trends do not appear to have had a predictable effect on Cr 
concentrations. 

1.2.5 Evaluation of Potential Soil Geochemistry Effects on Cr(VI) Distribution 

In order to evaluate whether local soil geochemistry could be affecting groundwater Cr(VI) 
distribution at the Site, the Data Gaps investigations included detailed soil logging and sampling 
from two off-site background borings (BGCr-1 and BGCr-2) and two onsite Cr anomaly area borings 
(HSCr-1 and HSCr-2) at locations shown on Figure 1-1. While these boring locations were selected 
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based on all available data to best represent background and the Cr anomaly areas, they may not fully 
represent the geochemical variability associated with these areas due to the limited number of 
samples collected.  Soil samples from these borings were analyzed for a variety of parameters to 
determine if there are any clear correlations between soil geochemistry and groundwater Cr, and to 
assess whether Cr(VI) could be generated or leached from the serpentinite-bearing soils underlying 
the Site.  The analytical data for these soil samples are presented in Tables 1-3 and 1-4, and methods 
used by PRIMA Environmental for bench testing are described in Appendix B.  Although statistical 
analyses using the Student’s T-test indicate some significant (i.e., p <0.05) correlations as described 
below, no differences were found between “hot spot” and background soil samples that would 
explain the significantly higher Cr(VI) groundwater concentrations in the HSU-1 Cr anomaly area. 

The Cr concentrations of the off-site, background samples are not statistically different from 
those of the onsite samples (t-test, p = 0.26).  Total Cr concentrations in “hot spot” sample locations 
HSCr-1 and HSCr-2 range from 48 mg/kg to 150 mg/kg (mean = 95 mg/kg), while total Cr 
concentrations in background sample locations BGCr-1 and BGCr-2 range from 42 mg/kg to 
230 mg/kg (mean = 113 mg/kg), within the range defined as “background” for the Site 
(Weiss, 2008a).  Cr(VI) was not detected by alkaline digestion above the laboratory reporting limit of 
0.05 mg/kg in any “hot spot” or background soil samples.  This is not surprising, since sorption of 
Cr(VI) anions by soil surfaces is very low in alkaline (pH above eight) environments.  The Data Gaps 
background soils and soils from the two Cr anomaly area locations had soil pH values commonly 
exceeding eight and soil OPRs greater than 200 millivolts (mV) (Table 1-3).  Under these oxic and 
alkaline pH conditions, adsorption of Cr(VI) anions to oxide or oxyhydroxide surface minerals 
diminishes to nearly zero and Cr(VI) becomes freely mobile in both the vadose zone and saturated 
aquifers (Qafoku et al., 2009; Chung et al., 2001). 

These results were generally confirmed by soil leaching tests using both deionized (DI) water 
and a phosphate buffer solution (Table 1-4).  Results for the leaching tests with DI water are assumed 
to represent the Cr dissolved in pore water plus any Cr loosely bound to soil.  These results ranged 
from below the reporting limit of 0.1 mg/kg (of soil plus pore water) to 0.24 mg/kg in Cr “hot spot” 
locations and from below the reporting limit of 0.1 mg/kg to 0.20 mg/kg in off-site background 
locations. Based on an estimated moisture content of 20% by weight (DB Stephens, 2008) and 
assuming all the Cr measured in the DI extracts was dissolved in pore water, these results would 
equate to pore water concentrations ranging from less than approximately 500 μg/L to approximately 
1,200 μg/L, with significant uncertainty in these values given the detection limits and presence of Cr 
in the control samples (see Appendix B).  The anionic phosphate solution is designed to displace 
chromate anions from soil into groundwater by directly competing for adsorption sites.  Chromium 
was not detected in the extract above 0.1 mg/kg in most of the exchangeable Cr samples (Table 1-4), 
however, indicating the soils did not contain significant leachable Cr(VI). 

As seen in the standard Cr oxidation test, “hot spot” and background soil samples also 
demonstrated the ability to oxidize dissolved Cr(III) to Cr(VI) (Table 1-4).  Both soils were able to 
oxidize a significant amount of Cr(VI) from added Cr(III).  The produced Cr(VI) concentrations in 
“hot spot” samples were not statistically different from Cr(VI) concentrations in background samples 
(t-test, p = 0.88).  The Cr(VI) production in “hot spot” samples ranged from 0.1 mg/kg to 12.9 mg/kg 
(0.01 mg/L to 1.29 mg/L), and ranged from 1.9 mg/kg to 12.5 mg/kg (0.19 mg/L to 1.25 mg/L) in 
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background samples.  These results indicate that significant amounts of Cr(VI) can be generated from 
the serpentine-rich soils, if native soluble Cr(III) is present in the aqueous phase.  Based on these 
results, it also appears that “hot spot” and background soils from shallower depths (less than 
40 ft bgs) are able to oxidize more Cr(III) than soils from deeper depths (Table 1-4). 

The available amount of Cr(III) and possibly manganese that can be leached by low 
concentrations of organic chelating substances was determined by a leaching test with sodium citrate, 
one of the strongest Cr chelators persistent in natural systems.  A significant difference (t-test, 
p = 0.01) in Cr concentrations was detected between “hot spot” samples (mean = 0.83 mg/kg) and 
background samples (mean = 0.38 mg/kg).  The concentrations of dissolved and chelated Cr(III) in 
“hot spot” samples ranged from 0.14 mg/kg to 2.01 mg/kg (of the original soil plus pore water mass), 
while the Cr(III) concentrations in background samples ranged from 0.06 mg/kg to 0.86 mg/kg.  This 
indicates that these soils contain some weakly bound Cr, which can be chelated and solubilized by 
organic ligands.  This Cr is likely not Cr(VI), since it was not leached from test soils in the 
exchangeable Cr test.  More likely, it is Cr(III) that binds more strongly to the chelating agent than to 
soil minerals. The Cr concentrations measured in this test were consistently higher in the “hot spot” 
soils than in the background soils, implying that the “hot spot” soils contain more weakly bound Cr 
than the background soils.  As described above in Section 1.1.1, it has been speculated that Cr(III) in 
a complexed form may be mobile in groundwater and therefore brought into contact with Mn oxides 
and readily oxidized, although this has not been documented in the field (Guertin et al., 2005). It is 
therefore not well understood if organically chelated Cr(III) is a significant source of Cr(VI) at the 
Site. 

As described in Section 1.1.1, Mn oxides play a key role in the natural oxidation of Cr.  
Comparison of the “hot spot” and background soils shows that concentrations of total manganese are 
not significantly different (t-test, p = 0.77). Total manganese concentrations in background soils 
range from 320 mg/kg to 1,100 mg/kg (mean = 559 mg/kg), while manganese concentrations in the 
“hot spot” soils range from 130 mg/kg to 1,900 mg/kg (mean = 600 mg/kg).  The easily reducible 
manganese test, an aggressive method for measuring the amount of reducible manganese oxide 
compounds in the soils that may be available to oxidize Cr(III) to Cr(VI), indicated no significant 
difference (t-test, p = 0.82) between “hot spot” (mean = 228 mg/kg) and background (mean = 236 
mg/kg) samples.  This easily-reducible manganese oxide content is linearly related to the Cr(VI) 
generated during the standard Cr oxidation test for both the “hot spot” (R2 = 0.30, p = 0.035) and the 
background (R2 = 0.42, p = 0.01) locations.  In addition, the available manganese that can be chelated 
by organic substances was also determined during the citrate leach test.  As with the available Cr(III), 
a significant difference (t-test, p = 0.03) in available manganese concentrations was detected between 
“hot spot” samples (mean = 226 mg/kg) and background samples (mean = 151 mg/kg).  This 
available manganese is linearly related to Cr(VI) generated during the standard Cr oxidation test for 
both the “hot spot” (R2 = 0.57, p = 0.001) and the background (R2 = 0.27, p = 0.0049) locations.  It is 
not known, however, if manganese is solubilized and chelated as manganese oxides and if these 
manganese oxides still have the potential for oxidizing Cr(III) to Cr(VI). 

Additionally, statistically significant differences (p<0.05) for boron, nitrate, sulfate, and 
phosphate concentrations in soils were found between the Data Gaps off-site background locations 
and the onsite Cr anomaly area locations, with the onsite area having the higher concentrations.  
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When comparing all available Site soil data for these analytes, a significant difference between 
background and onsite soil samples was only detected for boron (p<0.001), with the onsite samples 
having higher concentrations.  Boron may be naturally occurring or anthropogenic, and the 
significance of this correlation, if any, is not known. The slightly higher nitrate, sulfate, and 
phosphate concentrations in the Cr anomaly area may reflect natural variation or the historical and 
ongoing presence of manure in this area.  However, the differences are small (Table 1-3) and not 
significant in terms of the elevated Cr(VI) in groundwater in this area.   Although these anions have 
been reported to compete with Cr(VI) for sorption sites on soil, thereby releasing the Cr(VI) to 
groundwater (see Section 1.1.1), very little if any Cr(VI) is present on Site soil as described above. 

1.2.6 Evaluation of Potential Groundwater Geochemistry Effects on Cr(VI) Distribution 

As part of the Data Gaps evaluations, the concentration distribution of geochemical 
parameters in groundwater at the Site was compared to Cr to determine if any significant correlations 
exist.  In general, onsite groundwater is considered a magnesium bicarbonate type water with a 
neutral to alkaline pH (i.e., pH 6.5 to 8.1), high DO concentrations (i.e., 1 – 9 mg/L) and positive 
ORPs (ORP > 100 mV).  As mentioned above, under these oxidizing and alkaline conditions, Cr(VI) 
is extensively hydrolyzed and therefore present as an anion, generally forming chromate and 
hydrogen chromate.  A very strong correlation (R2 = 0.99) between the dissolved Cr and Cr(VI) in 
hydropunch and monitoring well groundwater data demonstrates that virtually all of the Cr is in the 
hexavalent state.  Adsorption of Cr(VI) anions to soil surfaces is therefore suppressed, resulting in 
increased mobility in the subsurface, especially in the presence of other competing anions such as 
sulfate, phosphate, or bicarbonate.  However, no significant correlations between Cr and these 
competing anions have been found, suggesting that Cr(VI) is not significantly sorbed to soil mineral 
surfaces (see also Section 1.2.5).  Dissolved or total organic carbon concentrations generally show no 
correlation with aqueous Cr, suggesting that the groundwater does not possess a sufficient capacity to 
reduce aqueous Cr(VI) concentrations.  Similar concentrations of dissolved Cr and Cr(VI) also 
suggest that Cr(III) is not significantly complexed by organic matter. 

Due to the oxidizing nature of HSU-1 and HSU-2, little or no Mn is detected in groundwater 
from most Site wells (Table 1-2) because only the reduced form, Mn(II), is significantly soluble.  
Surprisingly, several of the hydropunch samples collected from “hot spot” HSCr-1 and background 
locations BGCr-1 and BGCr-2 show significant dissolved Mn concentrations (up to 480 µg/L as 
shown in Table 1-2; the 17,000 µg/L Mn detected in BGCR-1-85 is considered unreliable based on 
the anomalously high concentrations of other constituents also detected in that sample).  In general, 
the higher Mn concentrations correlate with lower Cr concentrations, as would be expected if this 
correlation is due to redox variations. This might indicate that subsurface conditions are slightly 
reducing at these discrete sampling depths at the bottom of HSU-1 and top of HSU-2 in some areas 
but not in others (e.g. not in the HSCr-2 location). 

As with soil, the only significant correlation found in sitewide HSU-1 and HSU-2 
groundwater is between boron and chromium.  Groundwater data suggest that boron is linearly 
related to Cr in a plot of all HSU-1 wells (R2 = 0.57, p < 0.001) and of all HSU-2 hydropunch and 
well groundwater samples (R2 = 0.50, p = 0.01).  The significance of this correlation is uncertain. 
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Chloride concentrations in HSU-1 and HSU-2 hydropunch groundwater samples from the Cr 
anomaly area are higher than in samples from the background locations.  The chloride concentrations 
in hydropunch “hot spot” samples range from 44 mg/L to 82 mg/L, while background concentrations 
range from 11 mg/L to 21 mg/L.  Similarly, sodium levels are slightly higher in these “hot spot” 
samples than in background samples, with concentrations ranging from 76,000 µg/L to 97,000 µg/L 
in the “hot spot” areas and 28,000 µg/L to 64,000 µg/L in the background areas (Table 1-2).  
However, no significant correlations between Cr and chloride, and Cr and sodium were detected in 
Sitewide HSU-1 and HSU-2 hydropunch and well groundwater.  A very weak but statistically 
significant correlation in HSU-1 hydropunch and groundwater samples was detected for Cr and 
nitrate (R2 = 0.19, p = 0.018).  When Cr and nitrate concentrations in groundwater samples only from 
monitoring wells were compared, a more significant correlation (R2 = 0.37, p = 0.002) was detected.  
This might indicate that the source(s) of Cr and nitrate are related, or that nitrate potentially interferes 
with the bacterially mediated reduction of Cr(VI) to Cr(III).  No evidence of significant nitrate 
reduction has been observed at the Site, however, and some wells (i.e., UCD1-11, UCD1-19) have 
shown an increase in nitrate concentrations while Cr concentrations have declined.  No significant 
correlation in HSU-2 hydropunch and groundwater samples was detected for Cr and nitrate.  

1.3 Evaluation of Potential Chromium Source Mechanisms 

1.3.1 Chromium Source Mechanism Screening 

In the Data Gaps Work Plan (Weiss, 2008a), the following general categories of potential 
source mechanism were identified: anthropogenic Cr(VI); anthropogenic Cr(III) with anthropogenic 
oxidation and/or mobilization; anthropogenic Cr(III) with natural oxidation and/or mobilization; 
natural Cr(III) with anthropogenic oxidation and/or mobilization; natural Cr(III) with natural 
oxidation and/or mobilization; and, natural Cr(VI) mobilization.  Based on the Data Gaps data and 
evaluations as summarized in Section 1.2 above, several of these general categories have been 
screened out as unlikely, while others have been further developed and refined, as follows: 

• Anthropogenic Cr(VI): This would be chromic acid or other Cr(VI) containing 
chemical that was either released from one of the DUs or elsewhere at the Site.  
As discussed in Section 1.2.3, no records of Cr(VI) use or disposal were located; 
however, chromic acid may have been used for cooling towers, cleaning 
laboratory glassware, or other purposes at UC Davis, with the waste ending up 
in the DUs at the Site, either as waste chemical or within wastewater sludge.  
Disposal in the UC Davis DUs of enough waste Cr(VI) chemicals to explain the 
elevated area in HSU-1 is considered highly unlikely, given what is known 
about the waste based on historical use records, trench logs, and soil/waste Cr 
analyses (see Section 1.2 and Weiss, 2008a).  Any Cr(VI) that ended up in 
wastewater and subsequently in wastewater sludge almost certainly would have 
been reduced to Cr(III), and therefore would fall under one of the next two 
categories of potential release mechanism (i.e., anthropogenic Cr(III) that is 
subsequently re-oxidized).  Release of wastewater Cr(VI) directly into the leach 



Feasibility Study Data Gaps Technical Report Section 1 
LEHR/SCDS University of California, Davis Rev.0  2/12/10 
 Page 1-17 of 1-23  
 

J:\UCDavis\LEHR\2.1_CERCLA_Documents\2.1.1_Draft_FS\2.1.1.2_Data_Gap_Investigation\Data_Gaps_Tech_Memo\Rev0\Final_Data_Gaps_Tech_Memo_Rev0.doc  

fields associated with septic systems and wastewater treatment systems at the 
Site is considered unlikely because there is no record and low probability that 
significant quantities of chromic acid or other Cr(VI) chemical were used at the 
Site. 

• Anthropogenic Cr(III)/ Anthropogenic oxidation and/or mobilization: Potential 
anthropogenic sources of Cr(III) that may have been disposed of in the DUs 
include paint pigments, fertilizer, and chrome-plated metal.  As discussed in 
Section 1.2.3, these are considered unlikely to be the source of the elevated 
Cr(VI) in groundwater based on Site use history and investigation results.  
Reduced Cr in wastewater sludge (see above) is a more likely source of added 
Cr(III) in the DUs, although no evidence has been detected at the Site.  In 
addition, even if Cr(III) was disposed of at the Site,  anthropogenic oxidation of 
this Cr(III) is considered very unlikely, as discussed below.  

• Anthropogenic Cr(III)/ Natural oxidation and/or mobilization: As stated above 
and discussed in Section 1.2, anthropogenic Cr(III) is considered unlikely to be 
the source of the elevated Cr(VI) in groundwater based on Site use history and 
investigation results. In addition, significant oxidation of any Cr(III) in waste is 
unlikely because it would be expected to be very stable and would not be 
expected to be brought into close contact with the natural Mn-oxides needed for 
significant Cr oxidation. 

• Natural Cr(III)/ Anthropogenic oxidation and/or mobilization: Direct 
anthropogenic oxidation would require the release of large quantities of an 
oxidant, such as permanganate or peroxide.  Reduced species other than Cr(III) 
in the subsurface would also consume this released oxidant.  Based on the Site 
use history and investigation data (see Section 1.2.3), it is highly unlikely that 
sufficient oxidant to result in the observed elevated Cr(VI) in groundwater could 
have been released at the Site.  On the other hand, there are two potential 
mechanisms by which anthropogenic organic carbon at the Site could mobilize 
Cr(III) and/or Mn-oxides such that these two are brought into close proximity 
and Cr oxidation is enhanced (see Section 1.1.1).  

• Natural Cr(III)/ Natural oxidation and/or mobilization:  Although the natural 
system has been demonstrated to be capable of generating significant Cr(VI), 
this mechanism is considered less likely to explain all of the Site Cr(VI) than 
anthropogenically-enhanced oxidation because: 1) no other similar sites with 
natural Cr(VI) groundwater concentrations as high as those reported in HSU-1 at 
the Site were identified; and, 2) no natural hydrogeologic or geochemical 
variations that could potentially explain the HSU-1 Cr(VI) variability were 
identified.  

• Natural Cr(VI) mobilization: This hypothesis requires that significant naturally-
generated Cr(VI) is sorbed or otherwise bound to the soil matrix and is variably 
released due to anthropogenic or natural influences.  As discussed in Section 
1.1.1, competing oxyanions such of phosphate, sulfate or nitrate could displace 
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Cr(VI) from the solid phase.  However, Data Gaps and previous results indicate 
that very little if any Cr(VI) is bound to the soil anywhere at the Site, so this 
mechanism is considered unlikely.  Another potential effect of nitrate is that it 
may provide a more thermodynamically favorable electron acceptor than Cr(VI) 
and thereby inhibit Cr(VI) reduction to Cr(III).  However, the natural redox 
conditions of HSU-1 and HSU-2 suggest that very little Cr(VI) reduction occurs 
naturally, so it is unlikely that nitrate inhibition of Cr(VI) reduction is a 
significant process at the Site. 

1.3.2 Comparative Analysis of Potential Chromium Source Mechanisms 

Based on the screening assessment of potential Cr(VI) source mechanisms presented in 
Section 1.3.1 above, four mechanisms are considered possible: 1) disposed organic matter enhanced 
natural Cr oxidation through one of three specific mechanisms (Hypotheses 1A, 1B and 1C);  
2) Cr(VI) is entirely natural, with variability due to natural hydrogeochemical heterogeneity 
(Hypothesis 2); 3) naturally-occurring Cr(VI) on soil is variably released to groundwater by 
competing anions; and, 4) mobilization of disposed Cr(VI) or Cr(III) that has been re-oxidized 
(Hypothesis 4).  A detailed evaluation of these potential source mechanisms is presented below and 
summarized in Table 1-5. 

Hypothesis 1A: Manganese reduction, mobilization and re-oxidation with Cr(VI) generation. 

This source mechanism is considered one of the more likely source mechanisms for Cr “hot 
spot” concentrations at the Site.  Disposal of wastewater sewage sludge and/or other organic wastes 
in the Site landfills or septic systems would have introduced considerable amounts of organic 
material that is readily available for degradation by soil biota, thereby creating localized reducing 
conditions.  When reducing leachate from a landfill contacts manganese and iron oxide minerals in 
the soil, the minerals will dissolve since they are more soluble in a reducing environment than in the 
natural oxidizing environment.  Because Mn(IV) is reduced at a higher Eh than Fe(III), the oxidized 
manganese minerals will dissolve before the iron minerals as reducing conditions develop beneath 
the landfill. This manganese reduction and mobilization mechanism by landfill leachate is a well-
established process (Deutsch, 1997).  These conditions would have reduced manganese oxides and 
solubilized manganese as Mn(II), which then migrated downgradient within the anaerobic zone.  
Once subsurface conditions downgradient of the landfill reverted back to aerobic conditions, it is 
believed that Mn(II) reoxidized to form very reactive fresh manganese oxide coatings which oxidized 
native Cr(III) to Cr(VI) in the process.  A conceptual model of this Cr source mechanism is shown on 
Figure 1-7.  As described in Section 1.2.5, the easily reducible manganese test conducted on Site 
soils estimates that approximately 40% of total manganese in soils is composed of manganese oxides, 
and that these manganese oxides are able to oxidize significant amounts of Cr(III) to Cr(VI).  Since 
subsurface conditions downgradient of the landfill are oxic with a neutral to alkaline pH, the 
generated Cr(VI) is believed to have moved nearly unretarded (no adsorptive retardation) through 
sediments of the vadose and saturated zone.  This mechanism is supported by the location of the area 
of highest groundwater Cr(VI), which is downgradient of the Site landfill and septic systems at a 
distance consistent with the age of operation (generally 30 to 50 years ago) and the range of 
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calculated HSU-1 groundwater flow velocities (estimated at three to 40 ft per year).  This potential 
source mechanism has not been documented at other sites, although it might explain elevated Cr 
concentrations in water supply wells at nearby and off-site agricultural locations.  This mechanism is 
reportedly being evaluated at the Hinkley site in California as a potential concern associated with 
reductive in situ remediation. 

Hypothesis 1B: Organic complexation of Cr(III), downgradient oxidation to Cr(VI). 

Another of the more likely Cr source mechanisms is organic complexation of Cr(III) with 
downgradient oxidation of complexed Cr(III) to Cr(VI) by manganese oxides.  The disposal of 
wastewater sewage sludge and/or other organic wastes in the landfill or septic systems would have 
introduced considerable amounts of organic acids such as citric and fulvic acids, which potentially 
could have chelated and solubilized Cr(III).  This chelated Cr(III) could have remained stable and 
soluble in solution at a higher pH than unbound Cr(III).  As described in Section 1.2.5, the available 
amount of Cr(III) that can be leached from Site soil by low concentrations of organic chelating 
substances was determined by a leaching test with sodium citrate. Results indicate that significant 
amounts of Cr(III) can be chelated and mobilized from the solid phase (Table 1-4).  It is well know 
that non-chelated aqueous Cr(III) can be quickly oxidized to Cr(VI) by manganese oxides, however, 
the fate of organically chelated Cr(III) is yet not fully understood.  Laboratory studies by others have 
shown that Cr(III) can be mobile if it is in an organically complexed form, however, the existence of 
Cr(III) complexes has not been documented under field conditions (Guertin et al., 2005).  These 
organically chelating complexes form slowly and once formed, are difficult to break.  It is therefore 
not known if chelated Cr(III) can be oxidized to Cr(VI) once it comes into contact with immobile 
manganese oxides.  As with Hypothesis 1A, this mechanism is supported by the location of the Cr 
“hot spots” downgradient of the landfill/septic systems at a distance consistent with Site operation 
dates and HSU-1 calculated groundwater flow velocities.  This potential Cr release mechanism has 
not been documented at other sites, although it might also explain elevated Cr concentrations in 
water supply wells at nearby and off-site agricultural locations. 

Hypothesis 1C: Organic complexation of manganese, downgradient oxidation of Cr(VI). 

Another potential Cr source mechanism is organic complexation of manganese oxides with 
downgradient oxidation of native Cr(III) to Cr(VI).  This mechanism is similar to the Cr(III) 
complexation mechanism described under Hypothesis 1B, with the difference that the organic acids 
from the landfill or septic systems might have chelated and solubilized manganese oxides, rather than 
Cr(III).  The available amount of manganese that can be leached by low concentrations of organic 
chelating substances in Site soils was determined by a leaching test with sodium citrate. As described 
in Section 1.2.5, significant differences in organically available manganese were detected between 
the “hot spot” and background soil samples, suggesting that more chelated manganese may be 
present in soils from the Cr anomaly area.  These laboratory tests also showed a significant 
correlation between chelated manganese and the Cr(VI) generated during the standard Cr oxidation 
test for “hot spot” and background soil samples.  However, the redox state of the chelated manganese 
is not known and it is also not known if manganese has been chelated as a manganese oxide.  
Manganese might be chelated in a non-reactive form, in a reduced form, or even in an oxic form, 
without being able to oxidize Cr(III) to Cr(VI).  As mentioned for Hypotheses 1A and 1B, the current 
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location of elevated Cr(VI) is consistent with the timing of potential organic acid releases and 
calculated HSU-1 groundwater velocities, and this hypothesis could also explain elevated Cr 
concentrations in water supply wells at nearby and off-site agricultural locations. 



Feasibility Study Data Gaps Technical Report Section 1 
LEHR/SCDS University of California, Davis Rev.0  2/12/10 
 Page 1-21 of 1-23  
 

J:\UCDavis\LEHR\2.1_CERCLA_Documents\2.1.1_Draft_FS\2.1.1.2_Data_Gap_Investigation\Data_Gaps_Tech_Memo\Rev0\Final_Data_Gaps_Tech_Memo_Rev0.doc  

Hypothesis 2: Occurrence of Cr(VI) is entirely natural. 

The hypothesis that the source of elevated Cr(VI) in Site groundwater is entirely naturally 
occurring, and that the variability in concentration is due to hydrogeologic and/or natural 
biogeochemical variability, is considered possible but less likely than Hypothesis 1.  No significant 
hydrogeologic or biogeochemical differences between the “hot spot” and background areas were 
observed that could explain the elevated Cr concentrations in the Cr anomaly areas.  Cr 
concentrations in the “hot spot” anomaly area exceed natural Cr(VI) concentrations reported for other 
sites with similar geochemistry.  The only other known sites where ultramafic rocks have contributed 
to the formation of Cr(VI) at similar levels are in New Caledonia, where pore-water concentrations 
are as high as 700 µg/L, and in Western Australia, where groundwater concentrations are as high as 
430 µg/L.  However, at these sites the water was within ultramafic rocks, with significantly higher Cr 
concentrations than those at the Site.  Declining Cr concentration trends in many Site HSU-1 wells 
also suggest that the Cr source has been depleted, which would not be expected with a purely natural 
source. 

Hypothesis 3: Competing anions displace Cr(VI) from mineral surfaces. 

The source mechanism that involves significant amounts of naturally-generated Cr(VI) 
adhering to soil and then being released to groundwater by competing anion replacement is believed 
to be less likely than Hypotheses 1 and 2.  The landfill or septic systems and manure or fertilizer 
applications could have provided a source of competing anions such as phosphate or sulfate.  
However, no significant correlations have been observed in groundwater that would support this 
mechanism. Cr(VI) concentrations in background and “hot spot” soils were non-detect and Cr(VI) 
concentrations measured during the exchangeable Cr leach tests are also too low the explain the 
several hundred µg/L of Cr concentrations in Site groundwater wells. 

Hypothesis 4: Cr release from the landfill. 

This hypothesis is believed to be the least likely of the four hypotheses.  If Cr had been 
disposed of in wastewater sludge or laboratory waste in the landfill, it is likely that the organic matter 
in the landfill quickly created reducing conditions, leading to the reduction of Cr(VI) to Cr(III).   It is 
unlikely that the reduced Cr(III) would have then come in close enough proximity to manganese 
oxides for significant re-oxidation.  Disposal of Cr(VI) in the landfills through any other mechanism 
is considered very unlikely based on historical records and investigation findings. 

1.4 Chromium Investigation Conclusions and Recommendations 

Key conclusions and recommendations based on the Data Gaps Cr tasks are: 

• The geology, hydrogeology, and geochemistry of HSU-1 at the Site provide the 
conditions necessary to potentially generate and maintain Cr(VI) in 
groundwater, including: 1) soil very high in Cr and manganese (Mn) oxides; 2) 
groundwater with positive oxidation-reduction potential (ORP), high dissolved 
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oxygen (DO) and high alkalinity (bicarbonate); and 3) slow groundwater 
velocities resulting in relatively long groundwater resident times. 

• Although a definitive source and an explanation for the distribution of elevated 
Cr(VI) have not been identified, it appears that: 1) the Site hydrogeology and 
natural geochemistry cannot account for the observed Cr(VI) distribution; 2) it is 
likely that an anthropogenic effect is enhancing the oxidation of the naturally-
occurring Cr;  
3) organic carbon waste is the most likely anthropogenic effect causing this 
enhanced oxidation, through one of three possible mechanisms; and, 4) this 
organic carbon waste was probably not disposed in the area(s) of current 
elevated Cr groundwater concentrations. 

• The “source” of the elevated Cr(VI) appears to be depleting or depleted based 
on declining or stable Cr concentrations in most HSU-1 wells.  If the “source” 
was organic carbon from onsite waste disposal, its depletion is also indicated by 
the highest Cr groundwater concentrations being located significantly 
downgradient from disposal area(s). For example, the elevated Cr area centered 
on well UCD1-28 is approximately 600 ft downgradient of LFU-1, where 
wastewater sludge was reportedly disposed.  If this elevated Cr(VI) area 
originated near LFU-1 and migrated with groundwater at a rate of 30 ft/yr, this 
would suggest that the source started to deplete approximately 20 years ago. 

• Bench tests were performed (July to September 2009) to evaluate whether 
Cr(VI) concentrations in Site groundwater could be reduced to Cr(III) through 
the addition of various reducing agents.  The results of these bench tests were 
used to begin evaluating whether the Cr(VI) can be reduced without undesirable 
groundwater impacts.  These tests also included a “re-oxidation” phase to 
evaluate whether the reduced Cr(III) is readily oxidized back to Cr(VI) once 
natural, baseline conditions are restored.  Bench test results indicated that: 1) 
calcium polysulfide (CaSx) effectively reduced groundwater Cr(VI); 2) although 
groundwater arsenic and other metal concentrations increased due to reduction 
by CaSx, these concentrations were restored to near baseline levels during the 
re-oxidation test; 3) no significant Cr re-oxidation was observed in the initial 
bench tests; and, 4) although CaSx treatment increased groundwater sulfate 
concentrations in the initial bench tests, additional bench testing indicates that 
the CaSx dose can be reduced, thereby reducing sulfate generation.  Based on 
preliminary findings, the LEHR Team regulators (i.e., US EPA, CVRWQCB, 
California Department of Toxic Substances Control [DTSC], and California 
Department of Public Health Radiologic Health Branch) agreed during an 
August 25, 2009, conference call that a field test of CaSx could be performed.  
Therefore, a pilot test work plan for in situ reduction of chromium, including the 
laboratory bench-test results, was submitted, approved by the LEHR Team, and 
finalized on January 7, 2010 (Weiss, 2010a).  The CaSx field pilot-scale test is 
currently underway.    
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• With the completion of the Data Gaps investigations and based on the results, 
the current Site groundwater monitoring well network may be adequate for long-
term monitoring of elevated Cr.  Following the Data Gaps work, one additional 
HSU-1 well (UCD1-67) was installed north of the Site to improve definition of 
Cr and other constituents in this area (Weiss, 2009).  This new well and the three 
new HSU-1 Cr definition monitoring wells (UCD1-61, UCD1-62, and UCD1-
63) and two new HSU-2 Cr definition monitoring wells (UCD2-59 and UCD2-
60) have been added to Site groundwater monitoring program, with specific 
monitoring recommendations included in the recently submitted Draft Work 
Plan for 2010 Well Monitoring (Weiss, 2010b). 
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2 SOIL TO GROUNDWATER IMPACT EVALUATION 

2.1 Background and Introduction 

Section 2 of this report presents the results for the Data Gaps investigations and evaluations 
conducted to assess the current and potential future impact to groundwater by constituents of 
potential concern (COPCs) identified in the UC Davis DUs.  These investigations and evaluations 
were conducted to provide information needed to complete the FS for the UC Davis areas of 
responsibility at the Site.  The primary purpose of the Data Gaps investigations related to the DU 
soil-to-groundwater impact evaluation was to enhance existing data on COPC distribution in the 
vadose zone soil and soil gas and vadose zone soil properties.  These data comprise the key 
parameters for vadose zone modeling to predict potential impact to underlying groundwater.  An 
additional purpose of these investigations was to improve the monitoring well network for HSU-1 
groundwater immediately downgradient of the DUs. 

This section of the document provides a brief background on the soil-to-groundwater impact 
evaluation methodology and the UC Davis DUs, and a summary of the Data Gaps DU tasks, purpose 
and scope, as defined in the Feasibility Study Data Gaps Work Plan (Weiss, 2008a) and modified 
during implementation. Section 2.2 presents a summary of current groundwater impact from the DUs 
based on historical and Data Gaps groundwater monitoring results, and the Data Gaps hydropunch 
sampling. Section 2.3 presents the soil-to-groundwater impact evaluation including data used, 
methodology, and results.  Section 2.4 presents conclusions based on this evaluation and discusses 
how this information will be used in the FS. 

2.1.1 Soil-to-Groundwater Impact Evaluation Overview 

To evaluate remedial options for the UC Davis DUs, protection of groundwater from COCs 
in these units must be addressed. This pathway had not been thoroughly addressed prior to the Data 
Gaps work, in part because the previously assumed remedy (i.e., capping) involves engineered 
controls to protect groundwater from landfill leaching (UC Davis, 2006).  A preliminary evaluation 
of potential groundwater impacts was conducted in early 2008 (Brown and Caldwell, 2008b), 
however, this evaluation had limitations, including: 1) the initial elevated vadose zone COPCs were 
assumed to be constrained to the interval from 15 to 16 ft bgs; 2) lithologies and soil properties for 
the vadose zone soil columns were generalized and based on limited data; 3) depth-to-water was 
assumed to be 40 feet, while the minimum depth can be as little as 20 feet; 4) VOC distribution in 
vadose zone soil was based on limited and potentially non-representative soil data; 5) a 15-foot thick 
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groundwater mixing zone was assumed; and 6) the lateral extent and overall mass of COPCs in the 
vadose zone was not considered. 

To augment this previous groundwater impact evaluation, new data and methods previously 
approved and applied at LEHR/SCDS were used in these Data Gaps investigations (Figures 2-1 and 
2-2). These methods are:  

1. Use the approved screening process (Figure 2-2) for developing the list of 
COPCs that warrant evaluation. In the Data Gaps Work Plan (Weiss, 2008a), the 
COPC lists previously generated for each UC Davis disposal area were updated 
using more conservative soil-water partitioning coefficients (Kds). These lists 
were further refined based on the new analytic data generated during the Data 
Gaps investigations.  

2. Conduct Designated Level (DL) modeling using the same general methods and 
procedures used for United States Department of Energy (DOE) areas at 
LEHR/SCDS (Weiss, 2005). This modeling was used to develop DU-specific 
groundwater impact screening levels for each soil and soil gas COPC. 

3. Employ a three-step procedure that uses groundwater monitoring data, DU 
characterization data, and the DL modeling results to screen COPCs and identify 
“constituents of potential groundwater concern” (COPGWCs) for each DU.  

4. Conduct a risk evaluation for each COPGWC, taking into account its 
distribution in the vadose zone, existing groundwater data, data reliability and 
representativeness, and other factors (Figure 2-1), using the same methods 
previously approved for DOE areas (Weiss, 2005). 

The UC Davis disposal areas that were evaluated following this process in the Data Gaps 
investigation and that will be addressed in the FS are (Figure 2-3): LFUs 1, 2, and 3; the Southern 
Trenches; the Eastern Trenches; and the Waste Burial Holes (WBHs). LFU1, LFU2, and LFU3 were 
three distinct disposal areas for the landfill used by UC Davis for general campus and municipal-type 
waste disposal from the 1940s until the late 1960s.  LFU1 was the oldest unit and was used in the 
1940s and 1950s (UC Davis, 2004).  General campus wastes were reportedly disposed of in LFU1, 
and glass, metal, and burned materials including ash, charcoal, and melted glass were identified in 
LFU1 during investigations of the area (UC Davis, 2004).  Sludge from the adjacent former sewage 
treatment plant was also reportedly disposed at LFU1.  Typical waste depths range from 3.5. to six 
ft bgs (UC Davis, 2004), with a maximum of eight ft bgs. LFU2 was operated from 1956 to 1967.  
Based on investigations of the area, wastes in LFU2 include general municipal refuse similar to 
LFU1, animal parts, and laboratory waste (UC Davis, 2004).  Waste was disposed of in 12 east-west 
disposal pits, with average maximum depths of approximately 10 ft bgs, although some waste was as 
deep as 14 ft bgs.  Waste materials were disposed at LFU3 from 1963 to 1967.  Based on 
investigations in LFU3, the waste placed in this area was general municipal and campus waste, 
construction debris, and minor quantities of laboratory waste including pipettes, gloves, and plastic 
containers, buried at a maximum depth of at least 11 ft bgs (UC Davis, 2004). 
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Pits and trenches around the UC Davis landfill were used for disposal of chemical and 
radioactive wastes associated with LEHR activities.  The Eastern Trenches were used from 1957 to 
1965 for disposal of general laboratory waste, pesticide containers, and gravel.  The Eastern Trenches 
consist of five north-south trending trenches and six east-west trending trenches with typical bottom 
depths of approximately 6 ft bgs.  From 1956 to 1974, waste materials including low-level 
radioactive materials, laboratory chemicals, vials, syringes, laboratory glassware, and animal 
carcasses were disposed in the WBHs.  In 1999, the area was excavated to 12 ft bgs, waste materials 
were sorted from soil and the sorted soil was returned as backfill.  The Southern Trenches are two 
east-west oriented trenches that were operated between 1957 and 1965 (UC Davis, 2004). Waste 
materials identified in the trenches during investigation activities include gravel, bones, animal feces, 
and small amounts of laboratory waste.  The trench bottoms were generally approximately 3.5 ft bgs, 
with maximum depths of up to six ft bgs. 

2.1.2 Soil-to-Groundwater Impact Evaluation Tasks, Purpose and Scope 

The following summarizes the soil-to-groundwater impact evaluation tasks proposed in the 
Work Plan and describes each task’s intended purpose.  Section 2.1.3 below and Table 2-1 
summarize the scope of work for each of the tasks and discuss variances from the proposed work and 
the reasons for these variances. 

Task DU1: Disposal Unit Hydropunch Investigation.  The purpose of this task was to provide 
additional data on COPCs in groundwater downgradient of disposal units to determine the need for 
and location(s) of new HSU-1 monitoring well(s). 

Task DU2: Disposal Unit New Well Installation.  This task was designed to provide new, 
ongoing HSU-1 groundwater monitoring points for the area of elevated chloroform in LFU2/Eastern 
Trenches, immediately downgradient of LFU1 and LFU3, and, if necessary, immediately 
downgradient of the WBHs. 

Task DU3: Disposal Unit New Well Sampling and Analysis.  This task provided baseline 
analytic data for the full suite of COPCs for groundwater in the newly-installed DU monitoring 
wells.  These data were used to establish the analyte list for ongoing monitoring of these wells and 
for comparison with the predicted groundwater impact based on the vadose zone modeling. 

Task SGI1/DU4: Vadose Zone to Groundwater Characterization. The purpose of this task 
was to provide the soil, soil gas, first groundwater, and soil physical property data needed for 
evaluation of the potential impact of DU vadose zone COPCs on groundwater.  Some of the 
hydropunch locations for Task DU1 were also used for this task.  The soil gas data collected for this 
task were also used for the evaluation of potential vapor intrusion risk. 

Task SGI2: Groundwater Impact Evaluation.  The purpose of this task was to develop vadose 
zone screening levels for groundwater protection based on the new and existing Site data and using 
the previously-approved modeling approach (Weiss, 2005), and to use these vadose zone screening 
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levels and other information to conduct risk characterization and identify groundwater impact COCs 
for each DU using approved methods (Weiss, 2005).  

2.1.3 Soil-to-Groundwater Impact Data Gaps Investigation Activities 

With the exception of the four quarters of monitoring of the four new DU downgradient 
monitoring wells, the DU Data Gaps field work was conducted from mid-September through early 
October 2008.  The quarterly sampling events were conducted in early October 2008 (summer 
event), early December 2008 (fall), February 2009 (winter), and May 2009 (spring).  With a few 
minor exceptions, the field and laboratory activities for the DU Data Gaps tasks were conducted 
accordance with the FS Data Gaps Work Plan (Weiss, 2008a), including compliance with the HSP 
(Weiss, 2008b) and QAPP (Dames & Moore, 1998, as revised by Weiss, 2008c).  Table 2-1 
summarizes the work as it was proposed in the Work Plan, and describes all deviations from the 
proposed work and the rationale for these changes.  None of these changes has a significant negative 
impact on meeting the DU investigation DQOs that were presented in the Work Plan (Weiss, 2008a). 

In addition to the field work specifically described in the Work Plan tasks, two other 
activities were performed as part of the DU Data Gaps work: 

1. Well Resurveying: While the groundwater mean flow direction in HSU-1 is generally 
to the northeast, the groundwater flow direction based on water level data collected 
for the 2001 through 2004 fall seasons was interpreted to exhibit a south or southeast 
flow direction in some areas of the Site, and these results raised some LEHR Team 
regulator concern that groundwater monitoring downgradient of LFU2 and the 
Eastern Trenches may not be adequate due to variable flow directions.  To assess 
whether inaccurate water level measurements may play a role in this, several 
wellhead elevations were resurveyed as proposed in the Work Plan (Weiss, 2008a).  
In the process of this evaluation, it was discovered that there were discrepancies and 
some confusion regarding the measuring points and surveyed elevations for Site 
wells, so the entire monitoring well network was resurveyed in May 2009. 

2. Disposal Unit Extent: To confirm that the previously-defined boundaries of the DUs 
are appropriate and encompass all of the relevant waste, aerial photographs, historical 
maps, and the geophysical anomaly coordinates from previous investigations were 
reviewed.  No disposal unit boundaries were changed based on this review.  Because 
geophysical surveying of the LFU2 area underlying the former DOE Eastern Dog 
Pens had apparently not been previously conducted, a surface geophysical survey 
using ground penetrating radar, metal-detection, and electromagnetic detection was 
included as part of the Data Gaps investigations.  The results of this survey were used 
in combination with aerial photographs showing LFU2 disposal trenches and boring 
logs to refine the definition of potential disposal in this area. 



Draft Feasibility Study Data Gaps Technical Report Section 2 
LEHR/SCDS University of California, Davis Rev.0  2/12/10 
 Page 2-5 of 2-12  
 

J:\UCDavis\LEHR\2.1_CERCLA_Documents\2.1.1_Draft_FS\2.1.1.2_Data_Gap_Investigation\Data_Gaps_Tech_Memo\Rev0\Final_Data_Gaps_Tech_Memo_Rev0.doc  

2.2 Current Disposal Unit Impact to Groundwater 

HSU-1 groundwater flow at the Site is predominantly to the northeast at an approximate 
velocity of three to 30 feet per year (ft/yr) based on previous slug test results (UC Davis, 2004).  As 
discussed in Section 2.1.3 above and in the Data Gaps Work Plan, some historical groundwater level 
contour maps for the fall season indicated a component of southerly flow towards Putah Creek in the 
vicinity of wells UCD1-24, UCD1-23, and UCD1-4.  It was hypothesized that this may have been 
due to a measuring error associated with wellhead elevations; however, measuring points for each 
well were recently re-established and resurveyed, and the water level contour map for December 
2008 using these confirmed wellhead elevations shows the same pattern of HSU-1 hydraulic 
gradient.  This pattern occurs for a short period in some years during the time after agricultural 
pumping stops and before significant rainfall has fallen, apparently because water levels in most 
HSU-1 wells rise quickly in response to the end of the agricultural pumping season while a few 
(notably UCD1-4 and UCD1-23) respond less quickly.  This may be due to differences in the vertical 
hydraulic conductivities of the soil within or below the wells’ screened intervals.  Well UCD1-4 is 
screened from 45 to 55 ft bgs while wells UCD1-23 and UCD1-24 are screened from 57 to 72 ft bgs, 
which is typical of HSU-1 wells at the Site.  Site HSU-1 deposits are predominantly low permeability 
silts and clays, and boring logs for UCD1-23 and UCD1-24 show silts/clays consistently from 55 to 
72, so it is not evident from the geologic logs why the wells seem to respond differently when 
pumping ends.  However, laboratory permeability tests of similarly described silt and clay samples 
from the Site showed a wide range of permeabilities (10E-05 to 10E-09 cm/s range; DB Stephens, 
2008), so there may actually be significant differences in vertical conductivities between these well 
locations. Regardless, this apparent transient area of southerly gradient clearly has little impact on the 
predominant northeast contaminant transport direction, as is evident by the chemistry in the two 
wells closest to Putah Creek, i.e., UCD1-4 and UCD1-34, both of which have been consistently free 
of Site contaminants. 

The groundwater downgradient of each DU has been previously investigated and the impact 
of the DUs on groundwater has been characterized.  However, additional groundwater investigation 
(Data Gaps Tasks DU1 through DU3) was implemented to augment the current understanding. These 
characterization activities focused on:  

1) Better delineation of the HSU-1 elevated chloroform associated with LFU2 and the 
Eastern Trenches.   Groundwater data were lacking for areas of high chloroform in 
soil gas in parts of these DUs.  

2) Enhanced downgradient monitoring of the LFUs, as required, to help ensure that 
appropriate remedial alternatives are developed and properly evaluated in the FS.  
The LEHR Team regulators requested that the monitoring network be improved 
along the eastern boundaries of LFU1, LFU2, LFU3, and the WBHs. Investigation 
activities were therefore implemented to address HSU-1 groundwater in these 
areas. For LFU1 and LFU2, these activities were combined with the anomalous Cr 
area delineation (see Section 1.1) and the elevated chloroform area delineation, 
respectively, for efficiency. 
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The following summarizes the known groundwater impact suspected to originate, at least in 
part, from the UC Davis DUs.  The UC Davis Remedial Investigation (RI) report (UC Davis, 2004) 
discusses the groundwater impact in more detail and summarizes monitoring data collected through 
2002, and the distribution of these constituents in HSU-1 and HSU-2 based on the recent monitoring 
data is presented on figures in the 2008 Comprehensive Annual Water Monitoring Report 
(UC Davis, 2009b), which are also included on CD in Appendix F of this report.  In addition, the 
potential impact on groundwater of these constituents in the vadose zone of each DU is discussed in 
Appendix D to this report.  Based on the distribution in groundwater as well as the soil-to-
groundwater impact evaluation presented in this section and Appendix D, the UC Davis DUs with 
the greatest historical and predicted future impact on groundwater are LFU2, the Eastern Trenches, 
and the WBHs.  The impact to groundwater from disposal in LFU1 and LFU3 appears to be small 
compared with that of the upgradient LFU2, Eastern Trenches, and WBHs area.  There is no 
evidence that the Southern Trenches have significantly impacted groundwater. 

Chloroform: The highest concentrations of chloroform in HSU-1 are in the area of the 
density-driven convection (DDC) interim remedial system near the northeast corner of LFU2 
and north end of the Eastern Trenches.  Although the DDC system has significantly reduced 
groundwater concentrations, elevated concentrations (e.g., 750 µg/L in UCD1-51 in 2008) 
remain.  Data Gaps and previous soil gas investigations indicate that vadose zone chloroform 
remains in the northern LFU2/Eastern Trench area.   Chloroform has impacted HSU-2 at low 
concentrations over a large area (UC Davis, 2004). 

Tritium: The highest tritium activities in HSU-1 groundwater are associated with the 
WBHs and Eastern Trenches, with well UCD1-13 in the Eastern Trenches area (also 
downgradient of the WBHs) having the highest historical and current concentrations.  
Tritium concentrations have decreased dramatically, probably due to the WBH removal 
action.  Tritium was measured at close to 30,000 picoCuries per liter (pCi/L) in the early 
1990s and was only 270 pCi/L (reported below the 300 pCi/L detection limit) in 2008.  
Although tritium appeared to have some impact on HSU-2 in this immediate area in the early 
1990s (UC Davis, 2004), no ongoing impact to HSU-2 is evident based on recent data (UC 
Davis, 2009b). 

Carbon-14 (C-14): The highest C-14 is also associated with the WBH/Eastern Trench 
area.  As with tritium, the WBH removal action appears to have greatly diminished the 
ongoing impact on HSU-1 groundwater, as concentrations in well UCD1-13 have declined 
from approximately 2,000 pCi/L in the early 1990s (UC Davis, 2004) to 179 pCi/L in 2008 
(UC Davis, 2009b).  C-14 levels in HSU-2 groundwater immediately underlying well  
UCD1-13 appear to be slightly above background (measured at 44 pCi/L in well UCD2-14 in 
2008; UC Davis, 2009b).  C-14 levels in upgradient “background” well UCD2-17 have been 
less than the detection limit, which has consistently been 20 pCi/L in recent years. 

Nitrate: Areas of above-background HSU-1 nitrate (defined as 27 milligrams per liter 
[mg/L] in the RI; UC Davis, 2004) were historically found in well UCD1-24 at the eastern 
side of the DOE’s Western Dog Pens and in the current DDC area (UC Davis, 2004).  
Currently, areas of above background nitrate in HSU-1 are centered on the DDC area (78 
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mg/L in well UCD1-50 and 73 mg/L in well UCD1-51 in 2008; UC Davis, 2009b) and the 
UCD1-28 area (67 mg/L in well UCD1-28 and 63 mg/L in well UCD1-52 in 2008; UC 
Davis, 2009b).  It is suspected that activities in the Western Dog Pens and LFU2 resulted in 
nitrate impact to HSU-1 groundwater, and other Site activities may have also caused nitrate 
impact.  Nitrate levels in HSU-2 do not appear to be significantly elevated above background 
based on groundwater monitoring data. 

Cr(VI): As discussed in detail in Section 1, Cr levels in HSU-1 appear to be elevated 
above the local background level under parts of the Site, with the highest concentrations 
found east of the Site in the well UD1-28 vicinity.  Cr levels in HSU-2 also appear to be 
above the local background level under and to the east of the Site.  As discussed in Section 1, 
the Cr in groundwater is believed to be from natural sources, although secondary, 
anthropogenic factors associated with Site activities appear to have enhanced the 
oxidation/mobilization of the naturally-occurring Cr.  As discussed in Section 1, Cr 
concentrations in HSU-1 have generally declined over time and these anthropogenic factors 
are believed to be no longer active at the Site. 

Total Dissolved Solids (TDS): The distribution of TDS at the Site is similar to that of 
nitrate, with the highest levels found in the DDC system and well UCD1-28 areas.  TDS in 
Site groundwater ranges up to approximately 1400 mg/L based on recent results (UC Davis, 
2009b), while levels are typically 300 to 600 mg/L upgradient of the Site.  TDS 
concentrations in HSU-2 are more consistent, and are approximately 400 mg/L upgradient of 
the Site and approximately 600 mg/L near the downgradient edge of the Site based on recent 
data (UC Davis, 2009b).  The source(s) of elevated TDS in groundwater are not identified, 
but are suspected to be related to Site activities. 

1,4-dioxane: This constituent was identified as a potential COC in groundwater by 
the community group technical advisor in August 2008 (Lee, 2008), and was sampled and 
analyzed for in selected HSU-1 and HSU-2 wells during the four quarterly sampling events 
from October 2008 through May 2009.  The highest 1,4-dioxane concentrations were 
detected in new wells UCD1-66, which had reported concentrations ranging from 3 µg/L to 
14 µg/L, and UCD1-65, which had from <1 µg/L to 14 µg/L reported.   Concentrations 
showed a decreasing trend over the four quarters of monitoring, and in the May 2009 all 1,4-
dioxane results for HSU-1 were non-detect at a 1 µg/L detection limit, except for a detection 
of 5.3 µg/L in well UCD1-66.  In HSU-2, only trace (1.3 µg/L or less) 1,4-dioxane was 
detected in well UCD2-14 in December 2008 and February 2009.  In May 2009, all 1,4-
dioxane results for HSU-2 wells were below the 1 µg/L detection limit. 

Other constituents that have been analyzed for, but have been determined to not significantly 
impact Site groundwater include: organochlorine pesticides, polychlorinated biphenyls, other semi-
volatile organic compounds (SVOCs), other metals, other radionuclides, and perchlorate.  Potential 
future groundwater impact due to UC Davis disposal areas is discussed in the next section. 
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2.3 Soil-to-Groundwater Impact Designated Level Modeling 

2.3.1 Summary of Data Evaluated 

The data used in the soil-to-groundwater impact evaluation are as follows: 

Non-volatile COPCs: During preparation of the Data Gaps Work Plan, all soil data for non-
volatile constituents that were considered representative of current UC Davis DU conditions (i.e., 
valid data for all areas not affected by removal actions) were evaluated using the approved screening 
process (Figure 2-2) to determine COPCs for each disposal area.  The results of this screening were 
presented in Appendix C of the Work Plan (Weiss, 2008a).  For the Data Gaps investigations, 
additional vadose soil samples were collected from each DU and analyzed for the specific non-
volatile COPCs identified for that area (as described under Task DU4 in Section 2.1.2 and 2.1.3 
above).  These samples were located to target the areas expected to have the highest concentrations 
of COPCs based on previous investigations.  The data from these new samples (Appendix F) were 
incorporated into the previous screening evaluation (Table 2-2) to determine if: 1) any of the 
previously-identified COPCs should be dropped based on similarity to background levels; and 2) the 
previously-identified maximum concentration for each COPC in each DU was a reasonable 
representation of the maximum.  In addition, the new data for non-volatile COPCs was used to help 
define the contaminant distribution over depth for use in establishing conservative contamination 
intervals for the vadose zone modeling. 

Volatile COPCs: Due to LEHR Team regulator concern about the reliability and 
representativeness of VOC data for Site soil samples, the decision was made to use new soil gas data 
to represent VOCs in the vadose zone in the UC Davis disposal areas (Weiss, 2008a).  For the Data 
Gaps investigations, soil gas was sampled at five, ten and 15 ft bgs in each DU and analyzed for 
VOCs, including formaldehyde.  These data (Table 2-3) were used to identify COPCs and 
appropriate contaminated depth intervals for the vadose zone modeling and to calculate theoretical 
maximum soil concentrations for each COPC for comparison with modeled screening levels.  These 
new soil gas data were also used in evaluating potential vapor intrusion concerns, as discussed in 
Section 3 of this report. 

Soil Properties: Soil properties had been previously measured in vadose zone soils from DOE 
areas of the Site (DB Stephens, 1996).  For the Data Gaps investigations, additional soil samples 
were collected to represent various soil types in each of the UC Davis disposal areas, and were 
analyzed for soil parameters.  These data sets were used to assign appropriate soil parameter values 
for use in the soil-to-groundwater impact vadose zone modeling. 

Groundwater: In addition to the Data Gaps hydropunch groundwater data for samples 
collected within each DU and the data for the new DU monitoring wells (Table 2-4), all the COPC 
monitoring data for wells downgradient of each DU was considered in the risk evaluation for soil-to-
groundwater impact COPCs. 
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2.3.2 COPC Identification 

Table 2-2 shows the non-volatile soil-to-groundwater impact COPCs identified for each UC 
Davis disposal area.  This table has been modified from the tables presented in Appendix C of the 
Data Gaps Work Plan to show only those constituents identified as COPCs and to update the data 
summary for each COPC based on the new Data Gaps data.  As a result of this review, hexavalent 
chromium was eliminated as a COPC for LFU2 and the WBHs based on Data Gaps investigation 
results, which indicate that hexavalent chromium is not present above detection limits in Site soil. 
Similarly, a review of past and Data Gaps investigation results for uranium-235 indicate that it is not 
present above detection limits, so it was dropped as a COPC for LFU1 and the WBHs.  Aside from 
these changes, the new data did not change the non-volatile COPC list, nor did any of the maximum 
concentrations change.  As described in more detail in Appendix D, a number of VOCs were added 
as COPCs based on their detection in Data Gaps soil gas samples.  With the exception of 
isopropanol, hexane, and ethanol, all VOCs detected in soil gas (Table 2-3) were retained as soil-to-
groundwater COPCs for evaluation through vadose zone modeling. 

2.3.3 NUFT Modeling and Designated Levels 

This section summarizes the methodology used to develop soil cleanup levels protective of 
groundwater quality.  As described in Section 2.4 below, these soil cleanup levels are a key 
component of the process used to conduct risk characterization for each COPGWC.  A detailed 
description of this soil cleanup level development and risk characterization process and its results are 
presented in Appendix D. 

The modeled DLs were determined according to The Designated Level Methodology for 
Waste Classification and Cleanup Level Determination (CVRWQCB, 1989). Initial vadose zone 
model development and parameter selection/justification was as presented in the Draft Final One 
Dimensional Vadose Zone Modeling for the US Department of Energy Areas at the Laboratory for 
Energy-Related Health Research (Weiss, 1997).  One-dimensional modeling calculations to simulate 
contaminant transport from the vadose zone to groundwater were performed using the 
Non-Isothermal Unsaturated Flow and Transport (NUFT) (Nitao, 1996) numerical code developed 
and validated by Lawrence Livermore National Laboratory. The results of this vadose zone modeling 
were used to estimate the time required for UC Davis area source material to migrate through the 
vadose zone and to determine soil cleanup levels protective of groundwater quality (DLs). 

Model parameters and assumptions include (see Appendix D for additional detail): 

Hydrogeologic Parameters: Conservative representative soil profiles were developed for each 
DU, with soil parameters assigned to each soil type based on the results of laboratory analyses 
performed on Site soil samples.  The same conservative hydrogeologic parameter assumptions that 
were established in the DL calculations performed by DOE for their areas at LEHR were used, i.e., 
20 ft depth to groundwater, 10.8 centimeter per year (cm/yr) infiltration rate, no dispersion for any 
constituent, and negligible dilution in the saturated zone. 
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Chemical Parameters: Because of the potential unreliability of soil VOC data as a 
representative measure of spatial distribution, soil gas data were used to calculate soil concentrations 
based on Henry’s Law and soil adsorption/partitioning coefficient (Kd).  Contaminated depth interval 
assumptions were made from soil and soil gas sample concentration data according to depth. The 
lowest chemical-specific Kd values from literature review were selected, and tritium and carbon-14 
were assumed to partition completely into water in the form of tritiated water and methanol, 
respectively (Kd = 0). Other chemical properties were obtained from literature review, as described in 
Appendix D. 

Groundwater Goals: The primary source of groundwater goals was the California Maximum 
Contaminant Levels (MCLs) for drinking water (DPH, 2009). If MCLs were unavailable, the United 
States Environmental Protection Agency, Region 9, Regional Screening Levels (RSLs) for tap water 
were used (US EPA, 2008). The California Environmental Protection Agency risk-based target of 
1.1 ug/L for groundwater was used for chloroform. California notification levels (CNLs) were used 
as goal concentrations for carbon disulfide, 1,4-dioxane and formaldehyde (DPH, 2009). Background 
levels for inorganic constituents and sample detection limits for organic constituents were also used 
to provide baseline goals. 

2.4 Soil-to-Groundwater Impact Risk Characterization 

Risk characterization is intended to provide risk managers with an understanding of the 
uncertainties and technical basis of estimated risks and help them formulate appropriate remedial 
strategies. To facilitate risk management decisions, the risk characterization evaluates and makes 
recommendations on whether COPGWCs should be evaluated as a COCs in the FS. As summarized 
below and described in detail in Appendix D, COPGWCs were examined on an individual basis to 
evaluate the lines of evidence indicating whether a threat to groundwater resources exists. 

Once the NUFT modeling was completed, the resultant DLs were used, along with Site 
groundwater monitoring data and DU soil/soil gas characterization data, to conduct a three-step risk 
estimate procedure for each DL COPC in each DU.  The first step consisted of comparing DL COPC 
groundwater concentrations downgradient of each DU to background.  DL COPCs with maximum 
groundwater concentrations above background were automatically identified as a COPGWC for risk 
characterization.  DL COPCs with maximum groundwater concentrations below background were 
evaluated in Step 2.  This second step was to compare soil or soil gas concentrations to the NUFT 
model DLs for each area (see Tables D-6 through D-11 in Appendix D).  DL COPCs with maximum 
concentrations above background and above at least one DL were carried forward to Step 3, while 
others were eliminated.  The third step consisted of evaluating DL COPCs based on their time to 
peak groundwater impact predicted by the model.  DL COPCs whose peak impact was predicted to 
occur in less than 500 years were identified as COPGWCs and carried forward into the risk 
characterization, while those with longer “peak times” were eliminated.  This three-step process is 
discussed in more detail in Appendix D, with results for each DU presented in Tables D-12 through 
D-17. 
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The risk characterization used multiple lines of evidence to evaluate COPGWCs uncertainties 
and identify the final COCs that will be the basis of remedial action decisions in the FS.  These lines 
of evidence include: 

• Percentage and spatial distribution of COPGWC concentrations in soil/soil gas 
samples exceeding background. 

• Expected degradation and decay of the COPGWC. 

• Uncertainties related to COPGWC laboratory analytical issues and data 
representativeness issues. 

• Relation of COPGWC to Site operations (i.e., likelihood of its use at the Site). 

These risk characterization lines of evidence are discussed in detail for each COPGWC in each DU 
in Appendix D, with results summarized in Tables D-18 through D-23.  

2.5 Chemicals of Concern and Preliminary Cleanup Goals 

Based on the results of the risk characterization (Appendix D), the following groundwater 
impact COCs were identified for the UC Davis DUs: 

• Eastern Trenches: C-14; tritium; chloroform; 1,1-dichloroethane (1,1-DCA);  
1,2-DCA; 1,2-dichloropropane; 1,4-dioxane 

• LFU1: copper; selenium; C-14 

• LFU2: cadmium; C-14; acetone; chloroform; 1,1-DCA; 1,2-dichloropropane;  
1,4-dioxane 

• LFU3: barium; cadmium; copper; C-14, formaldehyde 

• WBHs: C-14; tritium; 1,4-dioxane 

• Southern Trenches: none identified. 

 As presented on Table 2-5, preliminary soil cleanup levels for these COCs are set at the 
highest value amongst the calculated screening DL, the Site background value, and the lowest 
available practical quantitation limit (PQL).  Based on this, the proposed preliminary soil cleanup 
levels are the PQLs for VOCs, and background levels for the metals and radionuclides, with the 
exception of those for C-14 and tritium in the WBHs, which are the screening DLs. 

2.6 Soil-to-Groundwater Impact Conclusions and Recommendations 

Key conclusions and recommendations based on the Data Gaps soil-to-groundwater impact 
evaluation are: 
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• With the completion of the Data Gaps investigations, sufficient vadose zone soil 
and soil gas data and HSU-1 groundwater data were available to meet the DQOs 
specified in the Data Gaps Work Plan and adequately assess the current and 
potential future impact of the UC Davis DUs on groundwater. 

• The soil-to-groundwater impact evaluation was conducted following the same 
conservative and LEHR Team-approved approach and parameters used by DOE, 
so the results provide results that are valid and sufficiently conservative for use 
in the FS. 

• The identified groundwater impact COCs and preliminary soil cleanup levels for 
each COC in each DU are presented in Table 2-5. 

• It is recommended that these preliminary cleanup levels, along with human 
health-based preliminary cleanup levels (see Section 3), be used in developing 
and evaluating remedial alternatives in the FS. 

• With the completion of the Data Gaps investigations and based on the results, 
the current Site groundwater monitoring well network is adequate for long-term 
monitoring of potential impact immediately down-gradient of the UC Davis 
DUs.  The four new HSU-1 DU Data Gaps monitoring wells (i.e., UCD1-62, 
UCD1-64, UCD1-65, and UCD1-66) have been added to the Site groundwater 
monitoring program, with specific monitoring recommendations included in the 
recently submitted Draft Work Plan for 2010 Well Monitoring (Weiss, 2010b). 
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3 VAPOR INTRUSION EVALUATION 

3.1 Introduction and Background 

This section of the report presents the results for the Data Gaps investigations and evaluations 
conducted to assess the potential future risks associated with the intrusion of VOCs emanating from 
the UC Davis DUs into indoor air.  These investigations and evaluations were conducted to provide 
information needed to complete the FS for the UC Davis areas of responsibility at the Site.  The 
primary purpose of this evaluation was to reassess the potential vapor intrusion risk associated with 
VOCs present in the disposal areas, and to then determine whether revisions to the Human Health 
Risk Characterization Report (UC Davis, 2006) are warranted based on that assessment.  In addition, 
the potential presence of methane in the landfill areas and its associated risks were evaluated. 

This subsection (Section 3.1) of the document provides a brief background on the vapor 
intrusion evaluation methodology, and a summary of the Data Gaps tasks conducted for this 
evaluation.  Section 3.2 presents the results of the evaluation and Section 3.3 presents conclusions 
based on this evaluation, and discusses how this information will be used in an update to the previous 
Human Health Risk Characterization Report (UC Davis, 2006) and in the FS.  

3.1.1 Vapor Intrusion Evaluation Overview 

Potential risks due to VOC vapor inhalation were evaluated in the Human Health Risk 
Characterization Report for UC Davis areas (UC Davis, 2006).  The Human Health Risk 
Characterization Report identified chloroform and tetrachloroethene (PCE) in vadose zone soil in 
LFU-2 and co-located areas (i.e., the Eastern Trenches and Waste Burial Holes) as “preliminary 
COCs” based on estimated excess cancer risks above 1 x 10-6 for vapor intrusion into indoor air 
under future use scenarios that were modeled (UC Davis, 2006).  A number of other VOCs have also 
been detected in previous soil gas sampling (PNL, 1995; Dames & Moore, 1999), but were not 
include in the risk characterization based on significantly lower estimated cancer risks. To 
supplement the evaluation conducted in the Risk Characterization Report, the LEHR Team regulators 
requested that the potential risk associated with VOC vapor intrusion under future use scenarios be 
further evaluated based on new, depth-discrete Data Gaps soil gas data and following DTSC 
methodology (DTSC, 2007), as described below. 
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3.1.2 Vapor Intrusion Evaluation Scope 

As described in Table 2-1, the soil gas and soil property analyses conducted for the 
evaluation of potential soil-to-groundwater impact during this investigation (see Section 2 of this 
document) also provided data for evaluating potential vapor intrusion risks.  Using the DTSC vapor 
intrusion model (DTSC, 2007) and representative soil properties, area- and depth-specific vapor 
intrusion screening levels were calculated for each VOC of potential concern in each UC Davis 
disposal area.  These screening levels were then compared with the new Data Gaps soil gas results to 
determine if any of the VOCs detected present a potential vapor intrusion risk. 

In addition to VOCs, each soil gas sample was also screened for methane to evaluate whether 
it is present at significant levels in any of the DUs.  No methane was detected in any of the samples 
at a 0.1% detection limit, which is below 10% of the lower explosive limit of 5% methane.  Based on 
these results, no additional methane evaluation was conducted. 

3.2 Soil Vapor Screening Values Determination  

3.2.1 Methodology 

Risk-based screening values were determined for VOCs in soil vapor in each of the six UC 
Davis disposal areas (i.e., LFU1, LFU2, LFU3, Eastern Trenches, WBHs, and Southern Trenches). 
The screening values were determined using the US EPA version of the Johnson and Ettinger model 
(J&E, 1991) as modified by the California DTSC to include California-specific toxicity factors. The 
model software (spreadsheet) was downloaded from DTSC’s Johnson and Ettinger Model Website 
(DTSC, 2007). This model simulates the transport of soil vapors through subsurface soil into indoor 
air by both diffusion and advection. The model contains a health risk component added by US EPA 
to calculate the risk from inhaling a specific chemical at the concentration estimated in indoor air. 
Soil vapor screening values were determined based on a target risk level of 10-6 for carcinogens and a 
hazard quotient of 1.0 for non-carcinogens. 

Where appropriate, site-specific parameters were used in the screening value determinations.  
Site-specific parameters used include soil properties and potential future use scenarios.  Additional 
details on the parameters used in developing the soil vapor screening levels are presented in 
Appendix E and its associated Table E-1. 

3.2.2 Results 

The calculated soil vapor screening values for hypothetical future onsite residents and onsite 
indoor researchers are presented in Table 3-1 and Table 3-2, respectively. Maximum detected 
concentrations of VOCs in each area at five, 15 and 25 ft bgs are shown next to the screening values 
for comparison.  Soil vapor concentrations are presented in bold on the tables if they exceeded the 
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screening values. Detection limits (non-detect results) are shown in bold if they exceeded the 
screening value by more than a factor of two. 

As shown in Tables 3-1 and 3-2, most of the soil vapor concentrations were below the 
screening values. Concentrations of chloroform in soil gas were above resident and researcher 
screening values for the Eastern Trenches and LFU2.  Concentrations of 1,2-dichloropropane in soil 
gas were above resident screening values for the Eastern Trenches and LFU2 and above the 
researcher screening value in the Eastern Trenches at five ft bgs.  Tetrachloroethene (PCE) was 
above resident and researcher screening values at five ft bgs in LFU2. 1,2-Dichloroethane (1,2-DCA) 
was above the resident screening value at 15 ft bgs in the Eastern Trenches and 1,3-butadiene was 
above the resident screening value at 15 ft bgs in LFU1. 

With the exception of 1,3-butadiene, these constituents have been detected previously in Site 
soil gas and/or groundwater samples.  Although 1,3-butadiene is not on the standard analyte list for 
VOCs in soil gas (by US EPA Methods TO-14 and TO-15) or groundwater (by US EPA Method 
8260B or similar), Air Toxics Ltd. (one of the two laboratories used for Data Gaps investigations air 
analyses) reports results for this compound because it has been identified as a toxic air contaminant 
under California's air toxics program.  This constituent’s presence in ambient air in California and 
elsewhere is believed to be primarily the result of incomplete combustion of gasoline and diesel (U.S. 
Department of Health and Human Services, 2005).  Incomplete combustion of wood and other 
organic matter can also generate 1,3-butadiene (U.S. Department of Health and Human Services, 
2005), which may explain its presence in LFU1 and other UC Davis DUs.  Prior to the Data Gaps 
investigations, the only 1,3-butadiene results reported in the UC Davis LEHR/SCDS database are for 
vapor samples from the DDC system, and therefore represent HSU-1 groundwater.  No 1,3-butadiene 
was detected in any of these samples.  Because 1,3-butadiene is a gas under most environmental 
conditions and is reportedly insoluble in water (U.S. Department of Health and Human Services, 
2005), it is not expected to be present in groundwater (see also Appendix D).  To confirm that 
1,3-butadiene is restricted to the vadose zone, analyses for this constituent will be conducted on 
groundwater samples collected from selected Site wells during the next monitoring event. 

3.3 Vapor Intrusion Conclusions and Recommendations  

The results of this vapor intrusion screening evaluation indicate that several VOCs (most 
notably chloroform, PCE and 1,2-dichloropropane) in the LFU2/ET area are at high enough 
concentrations to be of potential concern for vapor intrusion under potential future Site use scenarios.  
This conclusion is consistent with the previous Risk Characterization Report for the UC Davis areas 
(UC Davis, 2006).  Still, a reassessment of the human health risk for these areas is recommended to 
account for the new soil gas data collected during the Data Gaps investigations and recent revisions 
to the State’s model for assessing vapor intrusion risk.  In addition, potential human health risks 
associated with 1,3-butadiene in soil gas at LFU1 and other UC Davis areas have not been evaluated.   

Therefore, the human health risks previously calculated and the risk characterization 
previously conducted for the UC Davis disposal areas (UC Davis, 2006) will be updated to include 
these new soil gas results and evaluation tool, and incorporating toxicity values agreed upon by the 
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LEHR Team.  In addition, the soil and groundwater preliminary COC lists developed in the UC 
Davis Risk Characterization Report (UC Davis, 2006) will be re-evaluated in light of new soil and 
groundwater data collected and any toxicity values changed since the UC Davis risk estimate (UC 
Davis, 2005) was completed.  Preliminary cleanup goal concentrations for each soil and soil gas 
COC will also be presented based on the total risk across pathways.  Cumulative risks associated 
with multiple COCs, media and exposure pathways will also be discussed .  This risk characterization 
update and resultant preliminary cleanup levels will be presented in an upcoming LEHR Team 
meeting and will be included as an appendix to the FS. 
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Table 1-1. Data Gaps Chromium Investigation – Scope of Work, Modifications, and Rationale, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis  

Work Plan Scope Modifications / Additional Evaluations Rationale for Modification 

Task CR1. Records Review and Analysis 
The proposed work included additional 
geochemical correlation analysis, and records 
review/interviews focused on the Old 
Wastewater Treatment Plant and manure 
management in the area of elevated Cr. 

No significant modifications were made, although no 
interviews or additional research related to manure 
management were conducted. 

As discussed in this report, the placement of 
manure in the area of elevated Cr (i.e., near wells 
UCD1-28 and UCD1-53) was eliminated as a 
likely source of the elevated Cr.  Therefore, this 
modification has no significant impact on meeting 
DQOs. 

Task CR2. Well UCD2-27 Investigation 
Rehabilitation of this Westbay MP55 Multi-
Level Groundwater Monitoring System was 
proposed to collect aquifer-representative 
samples from discrete intervals. This included 
multiple steps of reconditioning to verify the 
well’s proper functioning. 

Reconditioning methods were applied according to the 
scope of work, except for deflating the packers that 
separate the different sampling zones.  

It was determined that the well packers cannot be 
deflated without their destruction, at significant 
cost for replacement and reinstallation.  It was 
therefore decided to indefinitely suspend the 
packer deflation and proposed subsequent steps 
(i.e., well purging, groundwater ORP readings and 
analytical parameter analysis, and well 
redevelopment). Reliable information on the 
variability with depth of groundwater Cr and other 
geochemical parameters may have provided some 
insight into Cr fate and transport; however, not 
obtaining this information does not have a 
significant impact on achieving DQOs.  

Task CR3. Discrete Interval Soil and 
Groundwater Geochemical Sampling 
Soil Sampling and Analysis: Continuous core 
soil sample collection from two background 
locations and two hotspot locations was 
proposed.  
 

Soil samples were collected according to the scope of 
work, except that hollow-stem auger was used instead 
of a direct-push rig due to difficulties encountered with 
both drilling and HSU-1 groundwater collection using 
direct-push.  A total of 28 soil samples from different 
depths were collected from two hotspot and two 
background locations and analyzed for parameters 
specified in the workplan.  As an extra scope, these soil 
samples were analyzed for ORP. 

The change in drilling method had no impact on 
achieving DQOs.  The sorption/desorption of 
chromium is pH/ORP dependent.  ORP data were 
included to demonstrate the stability of hexavalent 
chromium in Site soil samples, as described in 
EPA Method 3060A.  These additional data 
enhanced DQO achievement. 
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Work Plan Scope Modifications / Additional Evaluations Rationale for Modification 

Task CR3. Discrete Interval Soil and 
Groundwater Geochemical Sampling 
Soil Geochemical Analyses:  Geochemical 
bench test analyses were proposed for a total of 
30 soil samples from one hotspot and one 
background location. 

Soil samples were analyzed according to the scope of 
work.  As an extra scope, ten soil samples from the 
hotspot and background locations were reanalyzed for 
exchangeable chromium using a higher soil to 
extractant ratio. 

Previous soil investigations by Chung et al. 
(2001) indicated that a higher soil to extractant 
ratio yielded detectable chromium concentrations, 
whereas the ratio used for the initial Data Gaps 
samples did not.  These additional analyses 
enhanced achievement of DQOs. 

Task CR3. Discrete Interval Soil and 
Groundwater Geochemical Sampling 
Groundwater: The collection of groundwater 
samples from two background locations and 
two hotspot locations was proposed. Sampling 
was to include two depths within HSU-1 and 
one at the top of HSU-2.  

Because the groundwater level was lower than expected 
(approximately 60 ft bgs instead of 50 ft bgs) and the 
groundwater was very slow to come into the open 
borehole, only one depth interval (approximately 60 to 
70 ft bgs) within HSU-1 was sampled.  Groundwater 
samples were analyzed according to the scope of work, 
except that pH and ORP were not measured.   
 

Hydropunch groundwater samples recharged very 
slowly in the low yielding HSU-1 water-bearing 
zone, making it infeasible to sample more than 
one interval and resulting in potentially unreliable 
ORP and pH data.  Sufficient ORP and pH data 
are available from nearby HSU-1 monitoring 
wells; therefore this modification had no 
significant impact on meeting DQOs. 

Task CR4. Chromium HSU-1 Hydropunch 
Investigation 
The collection of six HSU-1 hydropunch 
groundwater samples with analysis for Cr was 
proposed to improve the definition of Cr 
distribution and optimally locate two new 
HSU-1 monitoring wells.   

No modifications were made.  Samples were collected 
according to the proposed scope of work and two new 
wells were installed as planned. 

NA 

Task CR5. Cr New Well Installation 
The work plan proposed the installation of 
three new HSU-1 wells: one north and one 
south of the elevated Cr area based on the 
hydropunch results (Task CR4), and one 
background location south of Putah Creek. The 
work plan also proposed two new HSU-2 wells 
down-gradient of the Site. 
 

No modifications were made. NA 



 

Table 1-1. Data Gaps Chromium Investigation – Scope of Work, Modifications and Rationale, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis (continued) 

J:\UCDavis\LEHR\2.1_CERCLA_Documents\2.1.1_Draft_FS\2.1.1.2_Data_Gap_Investigation\Data_Gaps_Tech_Memo\Rev0\Tables\Table 1-1.doc 

Work Plan Scope Modifications / Additional Evaluations Rationale for Modification 

Task CR6. Well Water Geochemical 
Analyses 
Groundwater sampling was proposed from 
selected HSU-1 and HSU-2 wells with analysis 
for chromium and other key geochemical 
parameters on a quarterly basis for the duration 
of one year.   

Groundwater samples were collected according to the 
scope of work, with the first and second quarterly 
sampling completed in October and December 2008, 
respectively, and the third and fourth quarterly 
sampling completed in February and May 2009, 
respectively.  During the October 2008 sampling event, 
field measurements for DO, ORP, pH, and SC were 
collected using a Hydrolab downhole probe.  However, 
during the second, third, and fourth quarterly 
monitoring events, these field measurements were 
collected above ground using a micropurge 
flow-through cell. During the May 2009 sampling 
event, groundwater samples were not collected from 
wells UCD1-63 and UCD2-46 for Cr analysis and field 
measurements. Cr and field data will be collected 
during the next groundwater monitoring event.  
 
As an extra scope, selected groundwater samples 
collected during the second quarterly sampling event 
were analyzed for silica, vanadium, uranium, 
aluminum, arsenic, and carbon dioxide. 

DO, ORP, and pH data collected with the 
downhole probe were suspected to be unreliable, 
therefore a micropurge flow-through cell was 
used to collect representative measurements. 
 
Access to well UCD2-46 was blocked during the 
May 2009 sampling event.  Inadvertently, no 
sample was collected from well UCD1-63. 
 
The additional parameters were measured during 
the second quarterly sampling event to aid in the 
evaluation of the redox geochemistry by 
comparing chromium to other oxyanions. 
 
None of these modifications to Task CR6 had any 
significant impact on meeting DQOs.  

Task CR7. Data Evaluation 
Data evaluation, including the spatial and 
temporal distribution of Cr and related 
parameters, was proposed. 

No modifications were made. NA 

Note: 
Chung, J-B., Burau, R., and Zasoski, R., 2001. Chromate Generation by Chromate Depleted Subsurface Materials. Water, Air, and Soil Pollution 128:407-417. 
 
Abbreviations: 
Cr  chromium    ft bgs feet below ground surface    SC specific conductance 
DO  dissolved oxygen    HSU hydrostratigraphic unit 
DQO data quality objective   NA not applicable 
EPA  Environmental Protection Agency  ORP  oxidization reduction potential 



Cr VI

Chromium Data Gaps Investigation, Summary of Parameters in Groundwater, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, DavisTable 1-2.

FluorideBFe Fe (II)Mn Na K MgClCr Ni Ca Ortho-
phosphate

(as P)

Sulfate Carbonate Bi-
carbonate

DOC

µg/L mg/Lµg/Lµg/L mg/Lµg/L µg/L µg/L µg/Lmg/Lµg/L µg/Lµg/L mg/L mg/L mg/L mg/L mg/L mg/LUnits:

Sample IDLocation ID NitrateSample 
Date

Screened
Interval

Lab

ft bgs

Phos-
phorous

mg/L

DO ORP pH SC

mg/L mV mS/cmpH Units

BGCR-1 BGCR-1-55 13 11 J <0.10 UJ<100 6.0 19 28,000 1,300 35,000 98,000 7.7 47 <6.7 490 2.3 0.42 610 <5.0 ---09/22/08 54-65CTB 0.10 --- --- --- ---
BGCR-1-85 7.3 <0.50 UJ 0.34 J<100 17,000 21 44,000 3,500 200,000 260,000 5.7 1,300 <6.7 /<6.7 R* 1,400/450 J* 5.3 <0.50 450 710 ---09/22/08 80-85CTB 0.091 --- --- --- ---

BGCR-2 GWGW2300 6.4 9.0 <0.10 UJ<100 UJ170 11 64,000 1,600 43,000 69,000 45 40 <6.7 830 2.7 0.36 760 6.9 ---09/23/08 65-70CTB 0.33 --- --- --- ---
GWGW2301 <5.0 <0.50 <0.10 <100 480 13 48,000 2,000 28,000 53,000 2.0 49 <6.7 /9.3 J* 4,900/340 J* 5.7 0.51 500 5.6 ---09/24/08 95-98CTB <0.030 --- --- --- ---
GWGW2302-DUP <5.0 <0.50 <0.10 <100 480 13 47,000 2,000 27,000 51,000 2.0 48 <6.7 4,900 7.1 0.50 500 5.7 ---09/24/08 95-98CTB <0.030 --- --- --- ---

HSCR-1 GWGW2294 82 82 <0.10 <100 43 82 82,000 <5,000 53,000 130,000 39 43 <6.7 560 4.5 0.42 800 <5.0 0.12 09/29/08 61-70CTB --- --- --- --- ---
GWGW2295 <5.0 <1.0 <0.10 150 300 78 78,000 <5,000 45,000 130,000 36 46 <6.7 /<6.7 R* 4,500/500 J* 5.0 0.31 700 <5.0 0.046 09/29/08 85-91.5CTB --- --- --- --- ---

HSCR-2 GWGW2296 530 510 <0.10 <100 8.2 44 97,000 6,300 34,000 81,000 17 81 39 410 3.8 0.59 1,000 <5.0 ---09/30/08 57.5-69.5CTB 0.096 J --- --- --- ---
GWGW2297 44 41 <0.10 <100 <5.0 47 76,000 3,900 22,000 44,000 20 84 130 /35 J* 950/130 J* 5.1 0.17 650 <5.0 ---09/30/08 80-85CTB 0.14 J --- --- --- ---

HP-1 GWGW2273 60 --- --------- --- --- --- ------ --- --- --- --- ------------ ---09/03/08 72-75CTB --- --- --- --- ---

HP-2 GWGW2274 71 --- --------- --- --- --- ------ --- --- --- --- ------------ ---09/05/08 72-75CTB --- --- --- --- ---

HP-3 GWGW2275 38 --- --------- --- --- --- ------ --- --- --- --- ------------ ---09/05/08 72-75CTB --- --- --- --- ---

HP-4 GWGW2277 130 --- --------- --- --- --- ------ --- --- --- --- ------------ ---09/10/08 72-75CTB --- --- --- --- ---

HP-5 GWGW2278 6.0 --- --------- --- --- --- ------ 1.3 --- --- --- ------------ ---09/10/08 72-75CTB --- --- --- --- ---

HP-6 GWGW2279 190 --- --------- --- --- --- ------ --- --- --- --- ------------ ---09/10/08 72-75CTB --- --- --- --- ---

LF1-2 GWGW2287 17 --- --------- --- --- --- ------ --- --- --- --- ------------ ---09/16/08 62-75CTB --- --- --- --- ---

LF2-4 GWGW2288 --- 26 --------- --- --- --- ------ --- --- --- --- ------------ ---09/18/08 63-75CTB --- --- --- --- ---

WBH-2 GWGW2292 8.4 --- --------- --- --- --- ------ --- --- --- --- ------------ ---09/16/08 65-75CTB --- --- --- --- ---

WBH-3 GWGW2293 --- 42 --------- --- --- --- ------ --- --- --- --- ------------ ---09/16/08 64-75CTB --- --- --- --- ---

WBH-4 GWGW2286 38 --- --------- --- --- --- ------ 4.5 --- --- --- ------------ ---09/15/08 63-75CTB --- --- --- --- ---

UCD1-004 GWGW2475 16.5 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/22/09 45-55CELG --- 5.28 194 7.34 927 **

UCD1-011 GWGW2307 160 150 <0.10 <100 <5.0 63 84,000 790 59,000 140,000 37 40 <6.7 630 1.1 0.30 870 <5.0 0.16 10/08/08 50-65CTB --- --- --- 7.55 1,208 
GWGW2307 --- --- --------- --- --- --- ------ --- --- --- --- ------------ ---10/16/08 50-65CTB 0.16 --- --- --- ---
GWGW2368A 145 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/03/08 50-65CELG --- 1.91 723 7.50 1,318 
GWGW2368B-DUP 150 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/03/08 50-65CELG --- 1.91 723 7.50 1,318 
GWGW2409 153 --- --------- --- --- --- ------ 48 J --- --- --- ------------ ---02/09/09 50-65CELG --- 3.17 118 7.46 1,377 
GWGW2410-DUP 159 --- --------- --- --- --- ------ 48 J --- --- --- ------------ ---02/09/09 50-65CELG --- 3.17 118 7.46 1,377 
GWGW2476 152 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/20/09 50-65CELG --- 3.52 185 7.45 1,560 

UCD1-012 GWGW2308 130 120 <0.10 <100 <5.0 130 100,000 1,000 45,000 170,000 66 170 <6.7 450 1.9 0.36 970 <5.0 0.27 10/09/08 49.5-64.5CTB --- --- --- 8.14 1,769 
GWGW2308 --- --- --------- --- --- --- ------ --- --- --- --- ------------ ---10/16/08 49.5-64.5CTB 0.25 --- --- --- ---
GWGW2369 139 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/03/08 49.5-64.5CELG --- 5.64 688 8.02 1,551 
GWGW2411 138 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/12/09 49.5-64.5CELG --- 7.95 107 7.99 1,422 
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Cr VI

Chromium Data Gaps Investigation, Summary of Parameters in Groundwater, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, DavisTable 1-2.

FluorideBFe Fe (II)Mn Na K MgClCr Ni Ca Ortho-
phosphate

(as P)

Sulfate Carbonate Bi-
carbonate

DOC

µg/L mg/Lµg/Lµg/L mg/Lµg/L µg/L µg/L µg/Lmg/Lµg/L µg/Lµg/L mg/L mg/L mg/L mg/L mg/L mg/LUnits:

Sample IDLocation ID NitrateSample 
Date

Screened
Interval

Lab

ft bgs

Phos-
phorous

mg/L

DO ORP pH SC

mg/L mV mS/cmpH Units

UCD1-012 GWGW2477-DUP 129 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/19/09 49.5-64.5CELG --- 6.68 155 8.31 1,761 
GWGW2478 126 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/19/09 49.5-64.5CELG --- 6.68 155 8.31 1,761 

UCD1-018 GWGW2310 8.0 8.0 <0.10 <100 <5.0 11 32,000 520 29,000 74,000 3.6 31 <6.7 370 <1.0 0.38 460 <5.0 0.20 10/08/08 54-69CTB --- --- --- 8.01 587 
GWGW2310 --- --- --------- --- --- --- ------ --- --- --- --- ------------ ---10/16/08 54-69CTB 0.17 --- --- --- ---
GWGW2371 7.01 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/05/08 54-69CELG --- 6.23 551 7.66 596 
GWGW2413 5.35 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/05/09 54-69CELG --- 5.20 130 7.67 723 
GWGW2414-DUP 5.23 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/05/09 54-69CELG --- 5.20 130 7.67 723 
GWGW2480 9.78 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/22/09 54-69CELG --- 5.14 200 7.77 801 

UCD1-028 GWGW2317 490 450 <0.10 <100 <5.0 --- 100,000 1,300 59,000 180,000 --- --- <6.7 770 1.5 0.30 1,200 <5.0 0.12 10/08/08 53-68CTB --- --- --- 7.41 1,515 
GWGW2317 --- --- --------- 48 --- --- ------ 67 44 --- --- ------------ ---10/14/08 53-68CTB --- --- --- --- ---
GWGW2317 --- --- --------- --- --- --- ------ --- --- --- --- ------------ ---10/16/08 53-68CTB 0.12 --- --- --- ---
GWGW2373 425 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/04/08 53-68CELG --- 2.81 630 7.39 1,616 
GWGW2423 455 --- --------- --- --- --- ------ 67 --- --- --- ------------ ---02/06/09 53-68CELG --- 7.61 261 7.51 1,469 
GWGW2486 424 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/21/09 53-68CELG --- 4.01 177 7.46 1,699 

UCD1-058 GWGW2325 63 61 <0.10 <100 <5.0 26 140,000 1,200 29,000 60,000 16 59 <6.7 500 1.4 0.33 1,600 <5.0 0.18 10/15/08 5 -70CTB 0.19 --- --- 7.79 943 
GWGW2376 64.1 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/04/08 5 -70CELG --- 5.16 197 7.86 1,141 
GWGW2431 63.5 --- --------- --- --- --- ------ 20 --- --- --- ------------ ---02/04/09 5 -70CELG --- 5.03 125 7.70 1,185 
GWGW2487 74.3 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/21/09 5 -70CELG --- 5.17 228 7.73 1,092 

UCD1-061 GWGW2326 65 65 <0.10 <100 <5.0 43 88,000 4,100 33,000 120,000 9.3 59 <6.7 660 1.2 0.24 1,100 <5.0 0.17 10/14/08 56-71CTB 0.19 --- --- 7.66 1,300 
GWGW2377 --- --- --------- --- --- --- ------ 9.5 J --- --- 646 ------------ ---12/04/08 56-71CELG --- 1.49 116 7.69 1,242 
GWGW2432 45.2 --- --------- --- --- --- ------ 10 --- --- --- ------------ ---02/04/09 56-71CELG --- 0.93 193 7.60 1,277 

UCD1-062 GWGW2327 120 120 <0.10 <100 9.3 56 91,000 2,800 70,000 180,000 27 160 <6.7 740 1.1 0.28 1,100 <5.0 0.17 10/16/08 56-71CTB 0.18 --- --- 7.29 1,695 
GWGW2378 123 --- --------- --- --- --- ------ 28 J --- --- 722 ---------4.12 ---12/03/08 56-71CELG --- 4.08 149 7.59 1,678 
GWGW2433 155 --- --------- --- --- --- ------ 25 --- --- --- ---------3.25 J ---02/09/09 56-71CELG --- 3.62 210 7.34 1,517 
GWGW2489 122 --- --------- --- --- --- ------ 23 --- --- --- ---------1.56 ---05/20/09 56-71CELG --- 3.47 231 7.4 1,383 

UCD1-063 GWGW2328A 29 30 <0.10 <100 <5.0 18 58,000 1,700 26,000 49,000 1.2 35 <6.7 360 <1.0 0.39 650 <5.0 0.14 10/14/08 65-80CTB 0.14 --- --- 7.97 726 
GWGW2328B-DUP 29 30 <0.10 <100 <5.0 18 57,000 1,700 26,000 49,000 1.3 35 <6.7 360 <1.0 0.37 650 <5.0 0.14 10/14/08 65-80CTB 0.12 --- --- 7.97 726 
GWGW2379A 25.1 --- --------- --- --- --- ------ --- --- --- 334 ------------ ---12/03/08 65-80CELG --- 6.89 125 8.07 653 
GWGW2379B-DUP 24.6 --- --------- --- --- --- ------ --- --- --- 338 ------------ ---12/03/08 65-80CELG --- 6.89 125 8.07 653 
GWGW2434 23.4 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/03/09 65-80CELG --- 7.64 142 7.96 659 

UCD2-040 GWGW2359 47 46 <0.10 <100 <5.0 19 46,000 590 49,000 82,000 12 47 <6.7 490 <1.0 0.42 580 14 0.096 10/13/08 86-106CTB 0.099 --- --- 7.66 818 
GWGW2384 46.7 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/05/08 86-106CELG --- 2.00 570 7.53 876 
GWGW2447 51.5 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/11/09 86-106CELG --- 3.29 144 7.61 911 
GWGW2497 46.7 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/22/09 86-106CELG --- 2.82 170 7.64 1,009 

UCD2-046 GWGW2360 58 55 <0.10 <100 <5.0 37 84,000 1,100 64,000 100,000 15 75 <6.7 570 1.1 0.32 1,200 <5.0 0.10 10/13/08 84.5-104.5CTB 0.11 --- --- 7.64 1,029 
GWGW2385 63.1 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/05/08 84.5-104.5CELG --- 2.30 573 7.54 1,123 
GWGW2449 73.9 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/03/09 84.5-104.5CELG --- 5.03 110 7.67 1,122 

UCD2-048 GWGW2361 34 34 <0.10 <100 5.0 21 46,000 710 51,000 85,000 11 48 <6.7 470 <1.0 0.29 660 <5.0 0.10 10/14/08 90-100CTB 0.10 --- --- 7.71 803 
GWGW2386 32.2 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/05/08 90-100CELG --- 2.20 501 7.69 827 
GWGW2450 28.5 --- --------- --- --- --- ------ 6.7 J --- --- --- ------------ ---02/12/09 90-100CELG --- 2.87 149 7.68 771 
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Chromium Data Gaps Investigation, Summary of Parameters in Groundwater, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, DavisTable 1-2.

FluorideBFe Fe (II)Mn Na K MgClCr Ni Ca Ortho-
phosphate

(as P)

Sulfate Carbonate Bi-
carbonate

DOC

µg/L mg/Lµg/Lµg/L mg/Lµg/L µg/L µg/L µg/Lmg/Lµg/L µg/Lµg/L mg/L mg/L mg/L mg/L mg/L mg/LUnits:

Sample IDLocation ID NitrateSample 
Date

Screened
Interval

Lab

ft bgs

Phos-
phorous

mg/L

DO ORP pH SC

mg/L mV mS/cmpH Units

UCD2-048 GWGW2499 25.3 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/19/09 90-100CELG --- 193 176 7.8 821 

UCD2-056 GWGW2362 88 88 <0.10 <100 <5.0 30 72,000 910 56,000 97,000 12 50 <6.7 590 <1.0 0.26 870 <5.0 0.10 10/15/08 78-88CTB 0.11 --- --- 7.69 1,182 
GWGW2387 92.1 --- --------- --- --- --- ------ --- --- --- --- ------------ ---12/05/08 78-88CELG --- 3.30 360 7.75 1,150 
GWGW2451 83.6 --- --------- --- --- --- ------ 13 --- --- --- ------------ ---02/06/09 78-88CELG --- 3.65 151 7.64 1,191 
GWGW2500 66.1 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/20/09 78-88CELG --- 2.77 137 7.7 1,194 

UCD2-059 GWGW2364 61 58 <0.10 <100 23 27 74,000 1,400 58,000 95,000 11 53 <6.7 530 <1.0 0.26 940 <5.0 0.098 10/15/08 92-112CTB 0.096 --- --- 7.66 907 
GWGW2389 58.7 --- --------- --- --- --- ------ --- --- --- 525 ------------ ---12/05/08 92-112CELG --- 6.31 190 7.76 1,092 
GWGW2453 63.0 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/03/09 92-112CELG --- 4.25 128 7.59 1,099 
GWGW2501 58.3 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/19/09 92-112CELG --- 3.35 345 7.63 941 

UCD2-060 GWGW2365A 47 45 <0.10 <100 <5.0 20 77,000 1,200 57,000 94,000 5.9 49 <6.7 540 <1.0 0.28 940 <5.0 0.10 10/15/08 92-112CTB 0.10 --- --- 7.70 863 
GWGW2365B-DUP 47 46 <0.10 <100 <5.0 20 73,000 1,100 55,000 90,000 5.9 49 <6.7 540 <1.0 0.28 930 <5.0 0.10 10/15/08 92-112CTB 0.11 --- --- 7.70 863 
GWGW2390 46.0 --- --------- --- --- --- ------ --- --- --- 546 ------------ ---12/04/08 92-112CELG --- 2.80 116 7.84 1,040 
GWGW2454 41.8 --- --------- --- --- --- ------ --- --- --- --- ------------ ---02/04/09 92-112CELG --- 3.11 221 7.70 1,077 
GWGW2502 47.2 --- --------- --- --- --- ------ --- --- --- --- ------------ ---05/19/09 92-112CELG --- 2.27 241 7.67 926 

Parameter Abbreviations: 

B  = Boron 
Ca  = Calcium 
Cl  = Chloride 
Cr  = Chromium 

Cr VI  = Hexavalent chromium 
DO  = Dissolved Oxygen 

DOC  = Dissolved Organic Carbon 
K  = Potassium 

Fe  = Iron 
Fe (II)  = Ferrous iron 

Mg  = Magnesium 
Mn  = Manganese 
Na  = Sodium 
Ni  = Nickel 

ORP  = Oxidation Reduction Potential 
P  = Phosphorous  

pH  = Concentration of hydrogen ions  
SC  = Specific conductance 

TOC  = Total Organic Carbon 

Location Abbreviations: 

BGCR-1  = Background chromium location 1 
BGCR-2  = Background chromium location 2 
HSCR-1  = Hot spot chromium location 1 
HSCR-2  = 

HP-1  = 
Hot spot chromium location 2 
Chromium definition hydropunch location 1 

LF1-2  = Landfill 1, location 2 
LF2-4  = Landfill 2, location 4 
LF3-2  = Landfill 3, location 2 

WBH-2  = Waste burial hole, location 2 
WBH-3  = Waste burial hole, location 3 

 

Notes: 

---  = Not analyzed 
**  = Well UCD1-004 dry for sampling events in 10/08, 12/08 and 2/09 

CELG  = California Environmental Laboratories, Inc., Garden Grove, California 
CTB  = Curtis and Tompkins Laboratory, Berkeley, California 
DUP  = Blind duplicate for field sample 

ft bgs  = Feet below ground surface 
J  = Result is qualified as an estimated concentration or amount 

mg/L  = Milligrams per liter 
mV  = Millivolts 

R  = Rejected result 
µg/L  = Micrograms per liter 

mS/cm   = MilliSiemen per centimeter 
UJ   = Result is not detected at an estimated detection limit 

1,400/450*   = Result with asterisk (*) was filtered prior to analysis 
 DO, ORP, pH and SC measured with field instruments 
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NitrateORPMn BFe Ortho-
phosphate 

(as P)

Moisture TOCSulfateCr pH

mg/kg mg/kgmVmg/kg mg/kgmg/kg mg/kg %mg/kgmg/kg %pH UnitsUnits:

Sample 
ID

Location 
ID

Sample 
Date

Sample 
Depth

Lab

ft bgs:

Phos-
phorous

mg/kg

BGCR-1 SSBGCR-1-5 96 <0.045 <5.7 68040,000 <5.7 <2.3 13 0.11 <0.6 370 8.2 09/22/08 5CTB <11 
SSBGCR-1-19 160 <0.045 <5.7 42036,000 8.0 1.3 13 0.16 <0.6 330 7.8 09/22/08 19CTB <11 
SSBGCR-1-31 52 <0.047 <6.0 1,00032,000 9.4 0.81 16 0.03 <0.6 290 7.8 09/22/08 31CTB ---
SSBGCR-1-42 100 <0.048 6.1 35032,000 8.3 <0.60 16 0.06 0.6 300 8.2 09/22/08 42CTB ---
SSBGCR-1-58.5 170 <0.047 <5.9 34026,000 6.6 <0.59 15 0.03 <0.6 260 8.4 09/22/08 58.5CTB ---
SSBGCR-1-65.5 73 <0.049 <6.1 35025,000 14 <0.61 18 0.02 0.9 280 8.3 09/22/08 65.5CTB ---
SSBGCR-1-85 42 <0.044 <5.6 32014,000 7.7 <0.56 10 <0.02 0.6 250 8.3 09/22/08 85CTB ---

BGCR-2 SSBGCR-2-5 150 <0.044 <5.5 57034,000 6.7 0.91 9 0.30 3.7 220 7.9 09/23/08 5CTB <11 
SSBGCR-2-13 120 <0.044 6.6 59032,000 13 2.5 9 0.05 2.9 210 8.6 09/23/08 13CTB <11 
SSBGCR-2-37 83 <0.048 7.0 66035,000 15 1.4 15 0.03 1.1 330 8.1 09/23/08 37CTB ---
SSBGCR-2-46 96 <0.048 8.3 33038,000 24 1.3 17 0.03 0.6 310 8.3 09/23/08 46CTB ---
SSBGCR-2-63 99 <0.047 6.3 1,10037,000 9.6 <0.59 15 0.03 <0.6 270 8.5 09/23/08 63CTB ---
SSBGCR-2-87 85 <0.051 7.5 67040,000 12 0.68 21 0.06 <0.6 270 8.5 09/23/08 87CTB ---
SSBGCR-2-95 230 <0.050 <6.3 43029,000 11 <0.63 20 0.19 0.6 270 8.2 09/23/08 95CTB ---

HSCR-1 HSCR-1-5 150 <0.042 <5.2 57033,000 55 2.0 4 0.35 R11 210 8.2 09/23/08 5CTB <10 
HSCR-1-20 90 <0.049 7.1 34031,000 11 1.4 20 0.06 4.7 250 8.310 09/23/08 20CTB <13 
HSCR-1-32.5 66 <0.048 7.8 52034,000 22 <0.61 18 0.04 5.7 270 8.2 09/22/08 32.5CTB ---
SSHSCR-1-42 69 <0.047 17 41036,000 15 2.4 J 14 0.02 5.3 J320 7.7 09/30/08 42CTB ---
SSHSCR-1-56 48 <0.047 7.8 38025,000 15 1.5 J 14 <0.02 3.0 J290 8.1 09/30/08 56CTB ---
SSHSCR-1-73 66 <0.046 8.2 42024,000 10 1.6 J 13 <0.02 4.3 J260 8.0 09/30/08 73CTB ---
SSHSCR-1-90 150 <0.047 9.8 34025,000 12 0.76 J 13 <0.02 1.1 J260 8.3 09/30/08 90CTB ---

HSCR-2 SSHSCR-2-5 120 <0.045 11 46030,000 41 1.8 J 11.55 0.19 6.7 J250 8.2 09/30/08 5CTB <11 
SSHSCR-2-17 65 <0.049 9.2 66028,000 53 4.9 J 18 0.07 12 J260 8.3 09/30/08 17CTB <12 
SSHSCR-2-27 61 <0.049 12 1,50035,000 34 3.9 J 18 0.02 4.7 J250 8.1 09/30/08 27CTB ---
SSHSCR-2-39 70 <0.047 12 1,90038,000 17 2.2 J 15 <0.02 2.8 J250 8.3 09/30/08 39CTB ---
SSHSCR-2-53 92 <0.047 8.0 13016,000 19 1.3 J 16 <0.02 2.1 J230 8.3 09/30/08 53CTB ---
SSHSCR-2-63 73 <0.047 9.7 75028,000 14 1.4 J 14 <0.02 1.7 J230 8.2 09/30/08 63CTB ---
SSHSCR-2-83 150 <0.047 8.2 37024,000 30 0.57 J 14 <0.02 2.9 J192.9 9.240 09/30/08 83CTB ---

LF1-2 SSLF1-2-15.5 --- --- --------- --- --- 20 ------------09/15/08 15.5CTB ---
SSLF1-2-20 --- --- --------- --- --- 23 ------------09/15/08 20CTB ---
SSLF1-2-27.5 --- --- --------- --- --- 19 ------------09/15/08 27.5CTB ---
SSLF1-2-37.5 --- --- --------- --- --- 17 ------------09/15/08 37.5CTB ---
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Cr VI

Chromium Data Gaps Investigation, Summary of Parameters in Soil, LEHR/South Campus Disposal Site, University of California, DavisTable 1-3.

NitrateORPMn BFe Ortho-
phosphate 

(as P)

Moisture TOCSulfateCr pH

mg/kg mg/kgmVmg/kg mg/kgmg/kg mg/kg %mg/kgmg/kg %pH UnitsUnits:

Sample 
ID

Location 
ID

Sample 
Date

Sample 
Depth

Lab

ft bgs:

Phos-
phorous

mg/kg

LF2-4 SSLF2-4-12.5 --- <0.024 UJ --------- --- --- 16 ------220 8.1 J09/17/08 12.5CTB ---
SSLF2-4-20 --- <0.023 UJ --------- --- --- 14 ------220 7.8 J09/17/08 20CTB ---
SSLF2-4-25 --- <0.022 UJ --------- --- --- 8 ------220 7.7 J09/17/08 25CTB ---
SSLF2-4-32.5 --- <0.021 UJ --------- --- --- 5 ------240 7.9 J09/17/08 32.5CTB ---

LF3-2 SSLF3-2-12.5 --- --- ---370--- --- --- 15 ------------09/18/08 12.5CTB ---
SSLF3-2-20 --- --- ---330--- --- --- 18 ------------09/18/08 20CTB ---
SSLF3-2-27.5 --- --- ---560--- --- --- 16 ------------09/18/08 27.5CTB ---
SSLF3-2-32.5 --- --- ---340--- --- --- 18.69 ------------09/18/08 32.5CTB ---

WBH-2 SSWBH-2-15 --- <0.024 UJ --------- --- --- 18 ------220 8.2 J09/16/08 15CTB ---
SSWBH-2-20 --- <0.025 UJ --------- --- --- 18 ------210 8.1 J09/16/08 20CTB ---
SSWBH-2-30 --- <0.021 UJ --------- --- --- 5 ------190 7.9 J09/16/08 30CTB ---
SSWBH-2-35 --- <0.021 UJ --------- --- --- 5 ------200 8.3 J09/16/08 35CTB ---

WBH-3 SSWBH-3-7.5 --- <0.024 UJ --------- --- --- 15 ------240 7.5 J09/16/08 7.5CTB ---
SSWBH-3-20 --- <0.024 UJ --------- --- --- 17 ------220 8.0 J09/16/08 20CTB ---
SSWBH-3-27.5 --- <0.023 UJ --------- --- --- 12 ------220 8.0 J09/16/08 27.5CTB ---

Location Abbreviations: 

BGCR-1  = Background chromium location 1 
BGCR-2  = Background chromium location 2 
HSCR-1  = Hot spot chromium location 1 
HSCR-2  = Hot spot chromium location 2 

LF1-2  = Landfill 1, location 2 
LF2-4  = Landfill 2, location 4 
LF3-2  = Landfill 3, location 2 

WBH-2  = Waste burial hole, location 2 
WBH-3  = Waste burial hole, location 3 

 

Parameter Abbreviations: 

B  = Boron 
Cr  = Chromium 

Cr VI  = Hexavalent chromium 
Fe  = Iron 

Mn  = Manganese 
ORP  = Oxidation Reduction Potential 

P  = Phosphorous  
pH  = Concentration of hydrogen ions  

TOC  = Total Organic Carbon 
 

Notes: 

---  = Not analyzed 
% =  Percent 

CTB  = Curtis and Tompkins Laboratory, Berkeley, California 
ftbgs  = Feet below ground surface 

J  = Result is qualified as an estimated concentration or amount 
mg/L  = Milligrams per liter 

mV =  Millivolt 
R  = Rejected result 

UJ   = Result is not detected at an estimated detection limit 
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Table 1-4.  Bench Test Results of Data Gaps Samples Evaluating the Ability of Soils to Release Cr(VI) Into Groundwater, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis

Sample ID Sample Date Extraction Date Sample Depth Water-bearing zone DI Extractable Cr Exchangeable Cr Available Cr(III) Oxidation of Cr(III) to 
Cr(VI) 

DI Extractable Mn Easily Reducible Mn Available Mn 

ft bgs

SSHS-Cr-2-2 9/30/2008 10/27-11/12/08 2 HSU-1 0.12 < 0.10 0.14 8.0 0.16 240 180
SSHS-Cr-2-2 LD 9/30/2008 Feb-09 2 HSU-1 n.a. n.a. 0.37 n.a. n.a. n.a. n.a.
SSHS-Cr-2-5 9/30/2008 10/27-11/12/08 5 HSU-1 < 0.10 < 0.10 0.81 9.3 < 0.10 250 280

Chromium (Cr) Extraction Manganese (Mn) Extraction 

<<------------------------------------------------------------------------------------------------  milligram per kilogram (mg/kg)    ---------------------------------------------------------------------------------------------------------------------->>

Hotspot Soil Sample Location SSHS-Cr-2
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SSHS Cr 2 5 9/30/2008 10/27 11/12/08 5 HSU 1  0.10  0.10 0.81 9.3  0.10 250 280
SSHS-Cr-2-5* 9/30/2008 3/30/2009 5 HSU-1 n.a. 0.019* n.a. n.a. n.a. n.a. n.a.
SSHS-Cr-2-10 9/30/2008 10/27-11/12/08 10 HSU-1 0.11 < 0.10 2.01 8.3 0.11 150 340
SSHS-Cr-2-10 LD 9/30/2008 Feb-09 10 HSU-1 n.a. n.a. 1.40 n.a. n.a. n.a. n.a.
SSHS-Cr-2-17 9/30/2008 10/27-11/12/08 17 HSU-1 0.12 < 0.10 0.41 12.9 < 0.10 240 260
SSHS-Cr-2-17* 9/30/2008 3/10/2009 17 HSU-1 n.a. 0.044* n.a. n.a. n.a. n.a. n.a.
SSHS-Cr-2-25.5 9/30/2008 10/27-11/12/08 25.5 HSU-1 0.15 < 0.10 0.31 9.4 < 0.10 290 320
SSHS-Cr-2-27 9/30/2008 10/27-11/12/08 27 HSU-1 0.20 < 0.10 0.26 6.4 0.11 370 250
SSHS-Cr-2-27* 9/30/2008 3/30/2009 27 HSU-1 n.a. 0.003* n.a. n.a. n.a. n.a. n.a.
SSHS-Cr-2-30 9/30/2008 10/27-11/12/08 30 HSU-1 0.17 < 0.10 0.41 7.2 < 0.10 290 310
SSHS-Cr-2-39 9/30/2008 10/27-11/12/08 39 HSU-1 0.13 < 0.10 0.46 6.8 < 0.10 490 400
SSHS-Cr-2-45 9/30/2008 10/27-11/12/08 45 HSU-1 0.24 < 0.10 1.86 2.9 < 0.10 130 160
SSHS-Cr-2-45* 9/30/2008 3/30/2009 45 HSU-1 n.a. <0.005* n.a. n.a. n.a. n.a. n.a.
SSHS-Cr-2-53 9/30/2008 10/27-11/12/08 53 HSU-1 0.15 < 0.10 0.66 2.1 < 0.10 140 160
SSHS-Cr-2-58 9/30/2008 10/27-11/12/08 58 HSU-1 0.14 < 0.10 0.51 0.1 < 0.10 55 95
SSHS-Cr-2-63 9/30/2008 10/27-11/12/08 63 HSU-1 0.15 < 0.10 1.71 5.6 < 0.10 260 240
SSHS-Cr-2-69.5 9/30/2008 10/27-11/12/08 69.5 HSU-1 0.16 < 0.10 0.86 4.5 < 0.10 250 200
SSHS-Cr-2-77 9/30/2008 10/27-11/12/08 77 HSU-1 0.16 < 0.10 1.31 2.7 < 0.10 150 130
SSHS C 2 77* 9/30/2008 3/10/2009 77 HSU 1 0 021*SSHS-Cr-2-77* 9/30/2008 3/10/2009 77 HSU-1 n.a. 0.021* n.a. n.a. n.a. n.a. n.a.
SSHS-Cr-2-83 9/30/2008 10/27-11/12/08 83 HSU-2 0.14 < 0.10 0.71 0.4 < 0.10 110 65

SSBG-Cr-2-2 9/23/2008 10/27-11/12/08 2 HSU-1 0.14 < 0.10 0.36 9.9 0.15 290 180
SSBG-Cr-2-5 9/23/2008 10/27-11/12/08 5 HSU-1 0.18 < 0.10 0.51 9.4 0.17 260 230
SSBG-Cr-2-5 9/30/2008 3/30/2009 5 HSU-1 n.a. <0.005* n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-9 9/23/2008 10/27-11/12/08 9 HSU-1 0.16 < 0.10 0.46 4.8 < 0.10 110 44
SSBG-Cr-2-13 9/23/2008 10/27-11/12/08 13 HSU-1 0.13 < 0.10 0.10 12.5 < 0.10 300 200
SSBG-Cr-2-13* 9/23/2008 3/10/2009 13 HSU-1 n.a. < 0.005* n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-25 9/23/2008 10/27-11/12/08 25 HSU-1 0.20 < 0.10 0.31 5.5 0.12 200 23
SSBG-Cr-2-37 9/23/2008 10/27-11/12/08 37 HSU-1 0.11 < 0.10 0.16 7.4 < 0.10 320 240
SSBG-Cr-2-37 LD 9/23/2008 Feb-09 37 HSU-1 < 0.10 n.a. n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-37 LD 9/23/2008 Feb-09 37 HSU-1 < 0.10 n.a. n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-37-FD 9/23/2008 10/27-11/12/08 37 HSU-1 0.98 < 0.10 0.21 5.7 1.90 340 270
SSBG-Cr-2-37-FD/LD 9/23/2008 Feb-09 37 HSU-1 0.11 n.a. n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-37-FD/LD 9/23/2008 Feb-09 37 HSU-1 < 0.10 n.a. n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-40 9/23/2008 10/27-11/12/08 40 HSU-1 < 0 10 < 0 10 0 46 2 5 < 0 10 120 80

Background Soil Sample Location SSBG-Cr-2

SSBG-Cr-2-40 9/23/2008 10/27-11/12/08 40 HSU-1 < 0.10 < 0.10 0.46 2.5 < 0.10 120 80
SSBG-Cr-2-46 9/23/2008 10/27-11/12/08 46 HSU-1 0.11 < 0.10 0.81 1.9 < 0.10 130 85
SSBG-Cr-2-46* 9/30/2008 3/30/2009 46 HSU-1 n.a. 0.001* n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-57 9/23/2008 10/27-11/12/08 57 HSU-1 0.12 < 0.10 0.86 2.6 < 0.10 250 210
SSBG-Cr-2-63 9/23/2008 10/27-11/12/08 63 HSU-1 0.11 < 0.10 0.36 7.1 < 0.10 400 160
SSBG-Cr-2-65 9/23/2008 10/27-11/12/08 65 HSU-1 0.12 < 0.10 0.31 5.9 < 0.10 290 270
SSBG-Cr-2-75 9/23/2008 10/27-11/12/08 75 HSU-1 < 0.1 < 0.10 0.06 4.3 < 0.10 240 170
SSBG-Cr-2-75* 9/30/2008 3/30/2009 75 HSU-1 n.a. 0.018* n.a. n.a. n.a. n.a. n.a.
SSBG-Cr-2-87 9/23/2008 10/27-11/12/08 87 HSU-2 0.14 < 0.10 0.56 2.2 < 0.10 160 55
SSBG-Cr-2-95 9/23/2008 10/27-11/12/08 95 HSU-2 < 0.1 0.13 0.21 2.2 < 0.10 130 55
SSBG-Cr-2-95* 9/23/2008 3/10/2009 95 HSU-2 n.a. <0.005* n.a. n.a. n.a. n.a. n.a.

Notes and Abbreviations:
DI = deionized water Available Cr and Mn = ratio of 3 g soil: 150 mL sodium citrate
FD = field duplicate DI extractable Cr and Mn = ratio of 7.5 g soil: 150 mL DI water
LD = laboratory duplicate Easily reducible Mn = ratio of 15 g soil: 150 mL ammonium acetate-hydroquinone solution
ft bgs = feet below ground surface Exchangeable Cr = ratio of 7.5 g soil: 150 mL potassium phosphate 
n.a. = not analyzed Results with asterisk (*) = Exchangeable Cr re-run on ratio of 100 g soil: 100 mL potassium phosphate
SSBG C S il S l B k d C id ti t t (B tl tt d J 1979) ti f 15 il 150 L h i hl idSSBG-Cr = Soil Sample Background Cr oxidation test (Bartlett and James, 1979) = ratio of 15 g soil: 150 mL chromium chloride
SSHS-Cr = Soil Sample Hotspot At the time of sampling in September 2008, first water was encountered at depths greater than 60 ft bgs.
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Table 1-5.   Evaluation of Potential Source Mechanisms for Chromium in Groundwater, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis. 

HYPOTHESIS EVIDENCE COUNTER EVIDENCE COMPARATIVE 
PROBABILITY ASSESSMENT 

1A. Mn reduction and mobilization in 
anaerobic zone, with subsequent Mn 
re-oxidation and resultant Cr(III) 
oxidation in downgradient aerobic 
zone. 

• Likely organic matter disposal (landfill/septic system)  
• Mn reduction/mobilization: process well-established in landfills 
• ~40% of total Mn in Site soils composed of Mn oxides  
• Cr GW hot spots downgradient of landfill/septic systems, distance consistent with GW 

flow velocity range 
• Could explain elevated Cr in supply wells in nearby agricultural locations (e.g., south of 

Putah Creek) 

• Post-1988 TOC/DOC and COD data generally show no correlation with GW Mn 
(earlier data not available) 

• Mechanism not yet documented at other sites (although reportedly being evaluated 
currently at Hinkley, California, Cr site). 

 

More Likely 

1B. Organic complexation of Cr(III), 
with downgradient oxidation by Mn 
oxides. 

• Likely organic matter disposal (landfill/septic system)  
• Cr GW hot spots downgradient of landfill/septic systems, distance consistent with GW 

flow velocity range 
• Could explain elevated Cr in supply wells in nearby agricultural locations (e.g., south of 

Putah Creek) 
• Site Cr(III) available for complexation (PRIMA bench tests) 
• Other lab studies show significant Cr(III) complexation (Guertin, J., Jacobs, J.A., 

Avakian, C.P., eds., 2005) 

• Post-1988 TOC/DOC and COD data generally show no or negative correlation with 
GW Mn (earlier data not available) 

• Organically chelated complexes very stable (Daia, R. et al., 2009) 
• Mechanism not yet documented at other sites 
 

More Likely 

1C. Organic complexation of Mn 
oxides, with downgradient oxidation of 
Cr(III). 

• Likely organic matter disposal (landfill/septic system)  
• Cr GW hot spots downgradient of landfill/septic systems, distance consistent with GW 

flow velocity range 
• Site Mn available for complexation (PRIMA bench tests) 
• Correlation between “available Mn” and Cr(VI) generation 

• Post-1988 TOC/DOC and COD data generally show no or negative correlation with 
GW Mn (earlier data not available) 

• Chelated Mn might not be able to oxidize Cr(III) 
• Mechanism not yet documented at other sites 

More likely 

2. Natural, localized hydrogeologic or 
biogeochemical anomaly. 

• Site soils have strong Cr oxidation potential (PRIMA bench tests) 
• Other sites show similar pore water Cr levels  
• Long residence time of HSU-1 could explain high Cr concentration buildup 
• Could explain elevated Cr in supply wells in other nearby locations (e.g., south of Putah 

Creek) 

• Cr GW hot spots downgradient of known/suspected contaminant sources 
• Only one other known site (Western Australia) has similar high Cr in GW wells 
• Only one other known site (New Caledonia) has similar high Cr levels in pore water 
• No significant hydrogeologic/biogeochemical differences identified between hot 

spots and other areas  
• Declining Cr level trends in many wells not correlated with other known 

hydrogeologic/biogeochemical changes 

Less likely 

3. Competing anions displace natural 
Cr(VI) from mineral surfaces. 

• Likely organic matter disposal (landfill/septic system, manure/fertilizer) provides 
competing anions (e.g., sulfate, phosphate) 

• Cr GW hot spots downgradient of landfill/septic systems, distance consistent with GW 
flow velocity range 

• Could explain elevated Cr in supply wells in nearby agricultural locations (e.g., south of 
Putah Creek) 

• Site natural system is capable of creating Cr(VI) and soils show some “exchangeable” 
Cr(VI) (PRIMA bench tests, Chung et al., 2001) 

• Mechanism hypothesized for Mojave Desert observations (Izbicki et al., in press)  

• Measured “exchangeable” Cr levels too low to explain elevated Cr in hotspots 
• No significant correlations for Cr and anions observed in GW 
• Discrepancy between “exchangeable” Cr results (PRIMA bench tests) and Cr(VI) 

results by standard method EPA 3060A (i.e., Cr(VI) generally not detected in soil 
using EPA Method 3060A) 

   

Less likely 

4. Cr release from landfill. • Potential source of Cr (wastewater sludge, lab wastes) 
• Cr GW hot spots downgradient of landfill/septic systems, distance consistent with GW 

flow velocity range 

• Does not explain elevated Cr in supply wells in nearby agricultural locations (e.g., 
south of Putah Creek) 

• Cr in waste most likely reduced to Cr(III)  
• Reduced Cr(III) unlikely in close proximity to Mn oxides for reoxidation 

Less likely 

Note: Full citations for references cited in this table are included in References section of the main document.   

Abbreviations:  
COD chemical oxygen demand                         GW groundwater 
Cr chromium    HSU hydrostratigraphic units 
DOC dissolved organic carbon   Mn manganese 
EPA Environmental Protection Agency  TOC total organic carbon 
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Table 2-1. Data Gaps Disposal Unit Investigation – Scope of Work, Modifications and Rationale, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis  

Work Plan Scope Modification – Additional Evaluations Rationale for Modification 

Task DU1. Disposal Unit Hydropunch  
Investigation 
The proposed work included: 1) two locations 
to evaluate impact downgradient of LFU1 
(these locations were also for chromium 
definition); 2) five locations in LFU2/Eastern 
Trenches area for chloroform definition (these 
were also for soil-to-groundwater impact 
evaluation); and 3) two locations at east end 
of WBH area (one of these two was also for 
soil-to-groundwater impact evaluation). 
 

Sampling in LFU1 and WBH areas was conducted as 
proposed.  For the LFU2/Eastern Trenches area, a total of 
six hydropunch locations were sampled for groundwater: 
four locations were sampled for chloroform and other 
VOC definition (soil gas was also sampled at these 
locations for soil-to-groundwater impact and vapor 
intrusion evaluation), and two locations were sampled for 
definition of other groundwater impact COPCs (vadose 
zone soil was also sampled for soil-to-groundwater impact 
evaluation in these locations). 

One of the five LFU2/Eastern Trenches 
locations identified in work plan Section 5.1.2 as 
being sampled for chloroform in groundwater 
was actually designated for evaluation of non-
volatile groundwater impact COPCs, and 
therefore the groundwater was not analyzed for 
chloroform.  Groundwater from this location and 
one other in the LFU2/Eastern Trenches area 
was analyzed for non-volatile COPCs.  These 
modifications do not significantly impact the 
achievement of the DQOs. 

Task DU2. Disposal Unit New Well 
Installation  
Two or three new HSU-1 wells were proposed 
to monitor potential DU impact, including: 
1) eastern edge of LFU3; 2) area of elevated 
chloroform in or near eastern boundary of 
LFU2/Eastern Trenches area, if needed based 
on hydropunch results; and 3) downgradient 
edge of the WBHs, if needed based on 
hydropunch results.  In addition, a new 
monitoring well proposed for defining the 
southwest extent of elevated chromium would 
also serve as a monitoring well for LFU1.  
Four quarters of quarterly monitoring for the 
full suite of groundwater COPCs was 
proposed for these new wells. 

No significant modifications were made.  A total of four 
new wells were installed for DU monitoring: 1) eastern 
edge of LFU3 as proposed; 2) east of Eastern Trenches 
based on chloroform soil gas and hydropunch groundwater 
results; 3) immediately east of WBHs; and 4) northeast 
corner of LFU1 (also serves as chromium definition 
monitoring well).  In addition to the COPCs identified in 
the Data Gaps Work Plan, groundwater samples from 
these new wells and selected existing wells were also 
analyzed for 1,4-dioxane, perchlorate, and formaldehyde 
in one or more of the quarterly sampling events.  

NA 



 

Table 2-1. Data Gaps Disposal Unit Investigation – Scope of Work, Modifications and Rationale, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis (continued) 
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Work Plan Scope Modification – Additional Evaluations Rationale for Modification 

Task SGI1. Vadose Zone to Groundwater 
Characterization (Non-volatile COCs) 
Seven soil/groundwater borings (one each in 
LFU1, LFU2, LFU3, Eastern Trenches, and 
Southern Trenches and two in WBHs) were 
proposed.  Borings adjacent to waste cells 
were to be angled up to 20 degrees off vertical 
to target under the waste cells. Up to eight soil 
samples and one grab groundwater sample per 
boring were proposed, with analysis for 
identified non-volatile potential groundwater 
impact COPCs or soil properties. 
 

No significant modifications were made.  The borings in 
LFU1 and LFU3 were angled 15 degrees off vertical to 
target beneath the waste cells.  The remaining borings 
were drilled vertically.  
Depth to groundwater was expected to be approximately 
50 ft bgs, but was actually approximately 60 ft bgs, so 
borings had to be drilled deeper than planned.  

Borings were drilled vertically instead of at an 
angle based on previous data and information on 
disposal cell configuration (i.e., targeted 
disposal cells were too small laterally, too deep, 
and/or too closely spaced to make angled boring 
useful and/or practical).  The impact of this 
modification on achieving DQOs is believed to 
be insignificant. 

Task SGI1. Vadose Zone to Groundwater 
Characterization (Volatile COCs), and  
Task DU4. Disposal Unit COC Data Gaps 
Eight soil gas/groundwater borings (one each 
in LFU1, LFU3, Eastern Trenches, Southern 
Trenches, and WBHs and three in LFU2) 
were proposed. Soil gas was to be collected at 
five, 15 and 25 ft bgs following methodology 
in Advisory – Active Soil Gas Investigations, 
with minor modifications.  Proposed analyses 
included methane measured in the field and 
VOCs analyzed in a laboratory by EPA 
Method TO-14 or TO-15. 

Sampling and analysis were conducted as proposed, with 
the following additions:  

1) Following collection of VOC samples at all locations 
except those in the Southern Trenches, samples were 
collected in lab-supplied tubes for formaldehyde 
analysis by EPA Method TO-11A. 

2) One of the two laboratories reported compounds not 
included on the Method TO-15 list, resulting in 
1,3-butadiene being identified as a COPC in several 
of the disposal areas. 

Formaldehyde was identified as a COPC for 
groundwater impact and vapor intrusion after the 
work plan was finalized and was added to the 
field protocol.   
The standard TO-15 reporting list for one of the 
two laboratories used included additional 
compounds not on the standard TO-15 list. Of 
these additional compounds, this laboratory 
reported detections of 1,3-butadiene, hexane, 
and ethanol; therefore, the other laboratory was 
requested to also report these constituents. 
These changes had a positive effect on achieving 
DQOs in that they enhanced the DU 
characterization.  



 

Table 2-1. Data Gaps Disposal Unit Investigation – Scope of Work, Modifications and Rationale, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis (continued) 
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Work Plan Scope Modification – Additional Evaluations Rationale for Modification 

Task SGI2. Groundwater Impact 
Evaluation, and 
Task DU5. New Data Evaluation 
The proposed work included: 1) developing 
screening levels and conducting risk 
characterization to identify groundwater 
impact COCs for each DU; and 2) evaluating 
potential vapor intrusion to indoor air and 
methane risk, if any.  

No modifications were made. NA 

Abbreviations: 
COC Constituent of Concern 
COPC Constituent of Potential Concern 
DQO Data Quality Objective 
DU Disposal Unit 
EPA Environmental Protection Agency 
ft bgs feet below ground surface 
LFU  Landfill Unit 
NA not applicable 
SGI soil-to-groundwater impact 
VOC volatile organic compound 
WBH Waste Burial Holes 
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Table 2-2. Non-volatile Constituents of Potential Concern for Groundwater Impact in Each Disposal Unit, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 1 

 Step 1 Step2 Step 3 

Constituents Units Number of 
Detections 

Number 
of 

Samples 

Number 
of Solid 
Waste 

Samples 

Frequency 
of Detection 

(FD) 

Maximum 
Detection 

Background 
Screening 

Level 
 

Is Maximum 
Concentration > 

1.5 x 
Background 

Concentrations 
and FD > 5%? 

Do Site 
Concentrations 

Rank Differently 
than 

Background 
Concentrations?2 

Number of 
Detections 

Above 
Background 

Screening 
Level 

Percent of Data 
Above 

Background 
Screening Level 

 

Partitioning 
Coefficient 

(Kd)  
(mL/g) 

Half-Life 
(years) 

Does the Analyte 
Fail the Kd or half- 

Life Test ? 

EASTERN TRENCHES  
RADIONUCLIDES  
CARBON-14 pCi/g 8 44 7 18% 8.3 0.13 Yes Yes 8 18% 5.15 5,730 Yes 
TRITIUM (HYDROGEN-3) pCi/g 1 17 0 6% 15.5 1.2 Yes Yes 1 6% 9.9 12.32 Yes 
URANIUM-235 pCi/g 10 44 7 23% 0.142 0.038 Yes Yes 4 9% 15 7.04E+08 Yes 

LANDFILL UNIT 1  
METALS  
COPPER µg/kg 33 33 9 100% 2,690,000 60,000 Yes Yes 6 18% 4 ― Yes 
SELENIUM µg/kg 21 33 9 64% 13,000 1,200 Yes Yes 13 39% 5 ― Yes 
RADIONUCLIDES 
CARBON-14 pCi/g 9 21 4 43% 4.74 0.13 Yes Yes 9 43% 5.15 5730 Yes 
URANIUM-235 pCi/g 8 21 4 38% 0.13 0.038 Yes Yes 3 14% 15 7.04E+08 Yes 

LANDFILL UNIT 2  
METALS  
CADMIUM µg/kg 15 40 11 38% 6,700 510 Yes Yes 13 33% 75 ― Yes 
CHROMIUM, HEXAVALENT µg/kg 2 39 11 5% 190 13003 No ― ― ― ― ― ― 
SILVER µg/kg 8 40 11 20% 38,100 550 Yes Yes 7 18% 120 ― Yes 
RADIONUCLIDES  
CARBON-14 pCi/g 16 40 11 40% 4.2 0.13 Yes Yes 15 38% 5.15 5730 Yes 
STRONTIUM-90 pCi/g 16 40 12 40% 0.34 0.056 Yes Yes 3 8% 35 29.1 Yes 
URANIUM-235 pCi/g 15 39 11 38% 0.14 0.038 Yes Yes 7 18% 15 7.04E+08 Yes 

LANDFILL UNIT 3  
METALS  
ANTIMONY µg/kg 2 38 9 5% 13,800 1,400 Yes Yes 2 5% 45 ― Yes 
BARIUM µg/kg 38 38 9 100% 968,000 260,000 Yes Yes 8 21% 41 ― Yes 
CADMIUM µg/kg 18 38 9 47% 20,000 510 Yes Yes 15 40% 75 ― Yes 
COPPER µg/kg 38 38 9 100% 1,700,000 60,000 Yes Yes 11 29% 4 ― Yes 
MANGANESE µg/kg 10 10 0 100% 4,300,000 750,000 Yes Yes 4 40% 750 ― Yes 
SILVER µg/kg 16 38 9 42% 158,000 550 Yes Yes 14 37% 120 ― Yes 
RADIONUCLIDES  
CARBON-14 pCi/g 23 38 9 61%  3.77 0.13 Yes Yes 21  55%  5.15 5730 Yes 
STRONTIUM-90 pCi/g 25 38 9 66% 5.07 0.056 Yes Yes 16 42% 35 29.1 Yes 
TRITIUM (HYDROGEN-3) pCi/g 17 21 2 81% 60 1.2 Yes Yes 5 24% 9.9 12.32 Yes 



 
 

Table 2-2. Non-volatile Constituents of Concern for Groundwater Impact in Each Disposal Unit, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis (continued) 
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 Step 1 Step2 Step 3 

Constituents Units Number of 
Detections 

Number 
of 

Samples 

Number 
of Solid 
Waste 

Samples 

Frequency 
of Detection 

(FD) 

Maximum 
Detection 

Background 
Screening 

Level 
 

Is Maximum 
Concentration > 

1.5 x 
Background 

Concentrations 
and FD > 5%? 

Do Site 
Concentrations 

Rank Differently 
than 

Background 
Concentrations?2 

Number of 
Detections 

Above 
Background 

Screening 
Level 

Percent of Data 
Above 

Background 
Screening Level 

 

Partitioning 
Coefficient 

(Kd)  
(mL/g) 

Half-Life 
(years) 

Does the Analyte 
Fail the Kd or half- 

Life Test ? 

URANIUM-235 pCi/g 24 38 9 63% 0.15 0.038 Yes Yes 9 24% 15 7.04E+08 Yes 

WASTE BURIAL HOLES  
METALS  
CHROMIUM, HEXAVALENT  µg/kg 7 38 8 18% 469 13003 No ― ― ― ― ― ― 
RADIONUCLIDES  
CARBON-14  pCi/g 70 117 9 60% 1442 0.13 Yes Yes 68 58% 5.15 5,730 Yes 
STRONTIUM-90 pCi/g 11 32 9 34% 25.5 0.056 Yes Yes 7 22% 35 29.1 Yes 
TRITIUM (HYDROGEN-3)  pCi/g 59  108 0 55%  902 1.2 Yes Yes 57 53% 9.9 12.32 Yes 
URANIUM-235 pCi/g 7 32 9 22% 0.12 0.038 Yes Yes 2 6% 15 7.04E+08 Yes 
URANIUM-238 pCi/g 9 9 0 100% 2.17 0.65 Yes Yes 2 22% 15 4.46E+09 Yes 
               

 
Notes: 
1 This table is a revised version of Table C1 from the “Feasibility Study Data Gaps Work Plan at the Laboratory for Energy-Related Health Research/South Campus Disposal Site, University of California, Davis” (Weiss Associates, September 2008a), updated to include 
the Data Gaps Disposal Unit soil results for metals, radionuclides, other inorganics, and semi-volatile organics (i.e., all potential COCs except for VOCs).   
2 The second field within Step 2 does not include results from the data gap investigation; values in this field reflect those from the original Table C1 in the Data Gaps Work Plan referenced above.   
3 The Background Screening Level for hexavalent chromium reported in the September 2008 Data Gaps Work Plan of 54 µg/kg has been revised to 1,300 µg/kg to reflect the most recently approved background level.  This newer background value comes from the Site 
Wide Risk Assessment, Volume I: Human Health Risk Assessment (Part B Risk Characterization for DOE Areas), Weiss Associates, Sept. 2005.  The former value was from the Work Plan for Removal Actions in the Southwest Trenches, RA/SR Treatment Sytems, and 
Domestic Septic System Areas, Weiss Associates, July 2000. As a result of using the revised background, hexavalent chromium is no longer considered a potential groundwater impact COC for any disposal unit. 
 
Abbreviations: 
COC constituent of concern 
FD frequency of detection 
Kd distribution/partitioning coefficient 
µg/kg micrograms per kilogram 
mL/g milliliters per gram 
― not applicable 
pCi/kg picocuries per kilogram 
SVOC semi volatile organic compound 
VOC volatile organic compound 
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Table 2-3. VOCs in Soil Gas in UC Davis Disposal Units, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

Location LF1-1 LF1-1 LF1-1 LF2-1 LF2-1 LF2-1 LF2-2 LF2-2 LF2-2 LF2-3 LF2-3 LF2-3 LF2-3 LF3-1 LF3-1 LF3-1 ET-1 ET-1 ET-1 ST-1 ST-1 ST-1 WBH-1 WBH-1 WBH-1 LF2-1 

Sample Name SG0001 SG0002 SG0003 SG0004 SG0005 SG0006 SG0007 SG0008 SG0009 SG0010 

SG0010 
Lab 

Duplicate SG0011 SG0012 SG0013 SG0014 SG0015 SG0016 SG0017 SG0018 SG0019 SG0020 SG0021 SG0022 SG0023 SG0024 SG0025 
Depth (ft) 5 15 25 5 15 25 5 15 25 5 5 15 25 5 15 25 5 15 25 5 15 25 5 15 25 15 

Sample Date 2008 9/16 9/17 9/17 9/11 9/11 9/11 9/11 9/11 9/12 9/15 9/15 9/15 9/15 9/17 9/17 9/17 9/10 9/10 9/10 9/9 9/9 9/9 9/16 9/16 9/16 9/18 
Analytic Laboratory ATL ATL ATL AirTech AirTech AirTech AirTech AirTech AirTech ATL ATL ATL ATL ATL ATL ATL AirTech AirTech AirTech AirTech AirTech AirTech ATL ATL ATL ATL 

Analyte (by EPA 
Method TO15) micrograms per cubic meter (µg/m3) 

1,1,1-Trichloroethane <37 <17 <410 58 53 <56 <2.7 <9.3 <6.1 <6.5 <6.5 <320 <210 <86 <320 <13 <12 <89 <8.8 <9.3 0.91 <5.4 <53 <62 <51 <20 
1,1-Dichloroethane <28 <12 <300 890 1,600 58 <2.0 <6.9 <4.5 <4.8 <4.8 <240 <160 <64 <230 <9.4 28 550 19 <6.9 <2.0 <4.0 <39 <46 <38 55 
1,1-Dichloroethene <27 <12 <300 270 390 <41 <2.0 <6.9 <4.5 <4.7 <4.7 <230 <150 <63 <230 <9.2 9.1 240 3.1 <6.9 <2.0 <4.0 <38 <45 <37 <15 
1,2,4-Trimethylbenzene <33 <15 <370 88 16 5.7 1.4 2.7 3.6 <5.8 <5.8 <290 <190 <78 <280 <11 0.96 5.3 2.5 10 3.4 9.8 <48 <56 <46 <18 
1,2-Dichloroethane <28 <12 <300 <67 <130 <41 <2.0 <6.9 <4.5 <4.8 <4.8 <240 <160 <64 <230 <9.4 <9.2 330 43 <6.9 <2.0 <4.0 <39 <46 <38 <15 
1,2-Dichloropropane <31 <14 <340 910 260 32 <2.3 <7.9 <5.2 <5.5 <5.5 <270 <180 <73 <270 <11 43 1,900 220 <7.9 <2.3 <4.6 <45 <53 <43 <17 
1,3,5-Trimethylbenzene 
(Mesitylene) <33 <15 <370 27 <160 <50 0.31 1.3 0.52 <5.8 <5.8 <290 <190 <78 <280 <11 <11 <81 <8.0 4.0 0.80 2.3 <48 <56 <46 <18 
1,3-Butadiene <15 74 <160 <187(a) <363(a) <110(a) <5.5(a) <19(a) 9.1 Jt(a) 4.4 4.6 <130 <86 <35 <130 12 17 Jt(a) <176(a) 6.8 Jt(a) <19(a) 1.8 Jt(a) 1.9 Jt(a) 43 <25 <20 <8.3 
1,3-Dichlorobenzene <41 <18 <450 <100 <200 <62 <3.0 <10 <6.8 <7.2 <7.2 <350 <230 <95 <350 34 <14 <99 <9.8 <10 <3.0 <6.0 <58 <69 79 <22 
1,4-Dichlorobenzene <41 <18 <450 16 <200 <62 <3.0 <10 <6.8 <7.2 <7.2 <350 <230 <95 <350 <14 <14 <99 <9.8 <10 0.70 1.2 <58 <69 <56 <22 
4-Ethyltoluene <33 <15 <370 62 <160 <50 0.81 1.0 1.4 <5.8 <5.8 <290 <190 <78 <280 <11 <11 <81 <8.0 5.9 1.8 5.0 <48 <56 <46 <18 
Acetone 120 150 <710 1,500 3,500 3,900 28 780 370 150 160 <560 <370 160 <550 110 210 170 190 74 63 300 140 <110 140 53 
Benzene <22 13 <240 14 14 5.1 1.9 4.0 3.1 <3.8 <3.8 <190 <120 <51 <180 <7.4 5.6 <53 2.8 2.8 3.0 2.1 <31 <36 <30 <12 
Carbon Disulfide <21 <9.5 <230 72 140 51 0.33 5.8 3.3 <3.7 <3.7 <180 <120 <49 <180 <7.2 2.3 81 2.3 2.4 1.2 2.7 <30 <36 <29 <12 
Carbon Tetrachloride <43 <19 <470 <110 <210 <65 0.42 <11 <7.1 <7.5 <7.5 <370 <240 <100 <360 <15 <14 <100 <10 <11 <3.2 <6.2 <61 <72 <58 <24 
Chloroform <33 <15 <360 9,600 16,000 920 <2.5 1.6 1.9 <5.8 <5.8 <280 200 <77 <280 <11 1,400 13,000 710 12 0.85 0.57 <47 <56 <45 380 
Chloromethane <56 <25 <620 <69 <130 <42 2.3 10 <4.6 <9.8 <9.8 <480 <320 <130 <480 <19 <9.4 <67 <6.7 <7.1 1.9 <4.1 <80 <94 <77 <31 
Dichlorodifluoromethane <34 <15 <370 <82 <160 <50 4.9 3.4 <5.5 <5.9 <5.9 <290 <190 <78 <290 <12 2.6 <81 2.5 2.9 5.0 <4.9 <48 <57 <46 <18 
Ethanol 210 77 <560 <160(a) <310(a) <94(a) 6.4(a) 7.1 Jt(a) 29(a) 14 14 <440 <290 170 <440 130 <22(a) <150(a) 6.7 Jt(a) <16(a) 35(a) 10(a) 210 <86 400 40 
Ethylbenzene <30 <13 <320 88 <140 3.6 0.94 2.6 1.8 <5.2 <5.2 <250 <170 <69 <250 <10 0.95 <71 2.6 5.7 2.0 2.7 <42 <50 <40 <16 
Formaldehyde (b) 57.8 68.5 69.7 72 117 120 58.8 123 112 J1 68 NA 120 175 50.2 80.2 121 45.8 J1 58.8 J1 61.7 J1 NA NA NA 46.3 70.2 71.2 NA 
Hexane <24 12 <260 <60(a) <116(a) <35(a) 1.0Jt(a) 17(a) 11(a) <4.2 <4.2 <210 <140 <56 <200 <8.2 8.1(a) <56(a) 10(a) 4.5 Jt(a) 3.4(a) 4.5(a) <34 <40 <33 <13 
Isopropanol 6,100 760 1,200 25 30 37 0.80 11 12 100 100 <580 <380 1,100 570 1,700 47 39 54 3.9 27 500 4,900 400 11,000Jt 320 
m,p-Xylenes <30 <13 <320 220 16 10 3.3 5.3 4.5 <5.2 <5.2 <250 <170 <69 <250 <10 2.3 <71 4.7 12 6.4 11 <42 <50 <40 <16 
Methyl ethyl ketone  
(2-butanone) <20 18 <220 36 <95 52 1.4 61 43 15 15 <170 <110 <47 <170 11 19 <48 21 7.2 7.4 19 <29 <34 <27 <11 
Methyl isobutyl ketone 
(4-methyl-2-pentanone) <28 <12 <300 <69 80 23 0.34 3.7 3.7 <4.9 <4.9 <240 <160 <65 <240 <9.5 <9.4 16 <6.7 <7.1 1.6 3.4 <40 <47 <38 <15 
Methylene chloride <24 <11 <260 <59 <110 <36 <1.8 <6.0 <3.9 <4.1 <4.1 <200 <130 <55 <200 <8.1 <8.1 <58 <5.7 <6.0 1.6 <3.5 <34 <40 <32 <13 
o-Xylene <30 <13 <320 100 <140 7.6 1.1 2.7 2.2 <5.2 <5.2 <250 <170 <69 <250 <10 0.79 <71 1.9 5.5 2.4 5.3 <42 <50 <40 <16 
Styrene <29 <13 <320 <72 <140 <44 <2.2 2.2 2.2 <5.1 <5.1 <250 <160 <68 <250 <9.9 <9.9 <71 1.8 1.3 0.79 1.2 <41 <49 <40 <16 
Tetrachloroethene (PCE) <46 24 <500 2,600 1,500 770 <3.4 6.9 13 11 11 <400 <260 <110 <390 <16 22 130 6.8 5.0 1.6 2.4 <66 <78 <63 67 
Toluene 72 120 <280 8,000 1,800 1,800 8.4 590 230 120 120 <220 <150 61 <220 89 70 44 44 34 17 29 110 110 100 78 
Trichlorofluoromethane <38 <17 <420 <94 <180 <58 2.6 2.2 1.4 <6.7 <6.7 <330 <220 <89 <320 <13 <13 <92 1.1 <9.6 2.6 1.2 <54 <64 <52 <21 

 
Note: 
Soil gas concentrations that exceed the site-specific screening level for residential scenario are shown in bold. Detection limits shown in bold if greater than twice the screening value. 
Abbreviations: 
ATL Air Toxics Ltd.            J estimated value, below reporting limit (Jt) or one day past holding time (J1) 
AirTech Air Technology Laboratories, Inc.            NA not analyzed        
(a) not on standard EPA Method TO15 list and not reported initially by AirTech, so QA/QC review could not be completed < n not detected; detection limit equal to n 
(b) analyzed by EPA Method TO11           
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Table 2-4.

Barium1,2-
Dichloro-

ethane

1,2-
Dichloro-
propane

1,2,3-
Trichloro-
propane

Chloro-
form

Chromium, 
Total

Chromium, 
Hexavalent

Carbon-
14

1,1-
Dichloro-

ethane

Acetone Copper Formal-
dehyde

Mang-
anese

Uranium-
238

µg/L µg/Lµg/L µg/Lµg/L µg/L µg/L µg/LpCi/Lµg/L µg/Lµg/L µg/L µg/Lµg/L pCi/LUnits:

Sample IDLocation ID Tetra-
chloro-
ethene

Sample 
Date

Screened
Interval

Lab

ft bgs

Nitrate

mg/L

Selenium

µg/L

Silver

µg/L

Strontium-
90

pCi/L

Cadmium

µg/L

Antimony

µg/L

Tritium

pCi/L

Uranium-
235/236

pCi/L

ET-1 GWGW2283 5.1 <0.5 2.9 8.0 0.7 --- 40 --- ------ <0.5 --- ------22 ---09/12/08 77-80CTB --- --- --- --------- --- ---
GWGW2283 --- --- --------- --- --- --- ------ ------ --------- <5.0 UJ09/12/08 77-80NCL --- --- --- --------- --- ---

ET-2 GWGW2290 --- --- --------- --- --- --- ------ ------ --------- ---09/18/08 70-75CTB --- --- --- --------- --- ---
GWGW2290 --- --- --------- 46.5 J --- --- ------ ------ 2.23 ------ ---09/18/08 70-75STLL --- --- --- --------- 1,520 J <1.00 

LF1-2 GWGW2287 --- --- --------- --- --- 17 5.3 --- ------ --------- ---09/16/08 62-75CTB --- <10 --- --------- --- ---
GWGW2287 --- --- --------- <20.0 UJ --- --- ------ ------ 1.64 ------ ---09/16/08 62-75STLL --- --- --- --------- --- <1.00 

LF2-1 GWGW2280 <0.5 0.7 <0.5 <0.5 <0.5 --- 7.4 --- ------ <0.5 --- ------<10 ---09/15/08 72-75CTB --- --- --- --------- --- ---
GWGW2280 --- --- --------- --- --- --- ------ ------ --------- <3.5 UJ09/15/08 72-75NCL --- --- --- --------- --- ---
GWGW2280-DUP <0.5 0.7 <0.5 <0.5 <0.5 --- 8.1 --- ------ <0.5 --- ------<10 ---09/15/08 72-75CTB --- --- --- --------- --- ---

LF2-2 GWGW2281 <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 --- ------ <0.5 --- ------<10 ---09/15/08 72-75CTB --- --- --- --------- --- ---
GWGW2281 --- --- --------- --- --- --- ------ ------ --------- 4 09/15/08 72-75NCL --- --- --- --------- --- ---

LF2-3 GWGW2282 <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 --- ------ <0.5 --- ------<10 ---09/15/08 72-75CTB --- --- --- --------- --- ---
GWGW2282 --- --- --------- --- --- --- ------ ------ --------- 4 J09/15/08 72-75NCL --- --- --- --------- --- ---

LF2-4 GWGW2288 --- --- --------- 12.4 J --- --- ------ ------ 0.78 ------ ---09/17/08 63-75STLL --- --- --- <1.00 UJ------ --- <1.00 
GWGW2288 --- --- --------- --- --- --- ---26 ------ --------- ---09/18/08 63-75CTB --- --- <5.0 ---<5.0 --- --- ---

LF3-2 GWGW2289 --- --- --------- --- --- --- 6.8 --- ---<5.0 ---150 --- ---09/19/08 67-75CTB --- --- <5.0 ---<5.0 <10 --- ---
GWGW2289 --- --- --------- <20.0 UJ --- --- ------ ------ 2.07 ------ ---09/19/08 67-75STLL --- --- --- <1.00 ------ <300 <1.00 

ST-1 GWGW2284 <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 --- ------ <0.5 --- ------18 ---09/09/08 72-75CTB --- --- --- --------- --- ---

ST-2 GWGW2291 --- --- --------- --- --- --- ------ ------ --------- ---09/15/08 70-75CTB --- --- --- --------- --- ---

UCD1-062 GWGW2327 <0.5 <0.5 <0.5 <0.5 2.8 --- <0.5 120 <5.0 120 <0.5 9.3 ---56 <10 ---10/16/08 56-71CTB 27 12 <5.0 ---<5.0 <10 --- ---
GWGW2327 --- --- --------- <20.0 R --- --- ------ ------ 2.91 ------ ---10/16/08 56-71STLL --- --- --- <1.00 ------ <300 <25 
GWGW2378 <0.50 <0.50 <0.50 <0.50 --- --- <0.50 123 2.75 --- <0.50 --- ---56.7 <5.0 R ---12/03/08 56-71CELG 28 J 8.97 <2.00 UJ ---<2.00 <2.00 --- ---
GWGW2378 --- --- --------- <20.0 R --- --- ------ ------ 2.57 ------ ---12/03/08 56-71STLL --- --- --- <1.0 UJ------ <300 UJ 0.43 U
GWGW2433 <0.50 <0.50 <0.50 <0.50 --- --- 0.12 J 155 3.44 J--- <0.50 --- ---62.3 <5.0 R ---02/09/09 56-71CELG 25 13.7 <5.00 ---0.825 J<5.00 UJ --- ---
GWGW2433 --- --- --------- <20.0 --- --- ------ ------ 3.10 ------ ---02/09/09 56-71STLL --- --- --- <1.00 ------ <300 0.51 J
GWGW2489 <0.50 <0.50 0.30 J<0.50 --- --- 0.19 J 122 3.43 --- <0.50 --- ---484 <5.0 R ---05/20/09 56-71CELG 23 7.68 <1.00 ---0.0298 J0.155 J --- ---
GWGW2489 --- --- --------- <20.0 UJ --- --- ------ ------ 2.42 ------ ---05/20/09 56-71STLL --- --- --- <1.00 ------ <300 <25 UJ
GWGW2489 --- --- --------- --- --- --- ------ ------ --------- <20 05/20/09 56-71TANC --- --- --- --------- --- ---

UCD1-064 GWGW2329 <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 40 <5.0 --- <0.5 --- ---140 <10 ---10/16/08 55-70CTB 0.65 <10 <5.0 ---<5.0 <10 --- ---
GWGW2329 --- --- --------- 11.2 J --- --- ------ ------ 1.68 ------ ---10/16/08 55-70STLL --- --- --- <1.00 UJ------ <300 0.34 J
GWGW2380 <0.50 <0.50 <0.50 <0.50 --- --- <0.50 38.2 2.39 --- <0.50 --- ---136 <5.0 R ---12/03/08 55-70CELG 0.74 <1.00 <1.00 ---0.0522 <1.00 --- ---
GWGW2380 --- --- --------- 10.8 J --- --- ------ ------ 1.97 ------ ---12/03/08 55-70STLL --- --- --- <1.0 ------ <300 UJ 0.50 
GWGW2435 <0.50 <0.50 <0.50 <0.50 --- --- <0.50 62.7 2.84 J--- <0.50 --- ---196 <5.0 R ---02/09/09 55-70CELG 2.1 4.10 J <5.00 ---0.653 J<5.00 UJ --- ---
GWGW2435 --- --- --------- <20.0 --- --- ------ ------ 1.89 U------ ---02/09/09 55-70STLL --- --- --- <1.00 ------ <300 <25 
GWGW2490 <0.50 <0.50 <0.50 <0.50 --- --- <0.50 46.3 1.77 U--- <0.50 --- ---418 <5.0 R ---05/20/09 55-70CELG 4.0 2.51 <1.00 ---0.0198 J0.215 J --- ---
GWGW2490 --- --- --------- <20.0 --- --- ------ ------ 1.64 ------ ---05/20/09 55-70STLL --- --- --- <1.00 ------ <300 <25 UJ

UCD1-065 GWGW2330 <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 67 <5.0 --- <0.5 --- ---110 <10 ---10/16/08 52-72CTB 3.9 <10 <5.0 ---<5.0 <10 --- ---
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Sample 
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µg/L
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UCD1-065 GWGW2330 --- --- --------- 10.6 J --- --- ------ ------ 1.32 ------ ---10/16/08 52-72STLL --- --- --- <1.00 ------ <300 0.34 J
GWGW2381 <0.50 <0.50 <0.50 <0.50 --- --- <0.50 79.6 2.81 --- <0.50 --- ---182 <5.0 R ---12/03/08 52-72CELG 4.5 <1.00 <1.00 ---0.0464 <1.00 --- ---
GWGW2381 --- --- --------- 32.0 J --- --- ------ ------ 1.25 ------ ---12/03/08 52-72STLL --- --- --- <1.0 ------ 250 J <25 
GWGW2436 <0.50 <0.50 <0.50 <0.50 --- --- <0.50 42.5 3.07 --- 0.073 J--- ---218 2.4 J ---02/10/09 52-72CELG 3.8 0.884 J <1.00 ---<1.00 0.106 J --- ---
GWGW2436 --- --- --------- 19.1 J --- --- ------ ------ 1.60 U------ ---02/10/09 52-72STLL --- --- --- <1.00 ------ <300 <25 UJ
GWGW2491 <0.50 <0.50 <0.50 <0.50 --- --- <0.50 42.0 3.91 --- 0.065 J--- ---677 <5.0 R ---05/20/09 52-72CELG 3.2 <1.00 <1.00 ---0.0322 J0.163 J --- ---
GWGW2491 --- --- --------- <20.0 UJ --- --- ------ ------ 1.71 ------ ---05/20/09 52-72STLL --- --- --- <1.00 ------ <300 <25 
GWGW2491 --- --- --------- --- --- --- ------ ------ --------- <20 05/20/09 52-72TANC --- --- --- --------- --- ---

UCD1-066 GWGW2331A 1.2 0.7 <0.5 <0.5 <0.5 --- 52 73 <5.0 --- <0.5 --- ---56 <10 ---10/16/08 57-72CTB 13 <10 <5.0 ---<5.0 <10 --- ---
GWGW2331A --- --- --------- 26.7 J --- --- ------ ------ 2.16 ------ ---10/16/08 57-72STLL --- --- --- <1.00 ------ <300 0.36 J
GWGW2331B-DUP 1.3 1 <0.5 <0.5 <0.5 --- 54 72 <5.0 --- <0.5 --- ---55 <10 ---10/16/08 57-72CTB 13 <10 <5.0 ---<5.0 <10 --- ---
GWGW2331B-DUP --- --- --------- 51.7 J --- --- ------ ------ 3.18 ------ ---10/16/08 57-72STLL --- --- --- <1.00 ------ <300 UJ <25 UJ
GWGW2382A 1.1 0.56 <1.0 <1.0 --- --- 48 69.5 4.13 --- <1.0 --- ---49.1 <10 R ---12/04/08 57-72CELG 12 J 4.47 <2.00 UJ ---<2.00 <2.00 --- ---
GWGW2382A --- --- --------- 28.6 J --- --- ------ ------ 2.99 ------ ---12/04/08 57-72STLL --- --- --- <1.00 ------ 300 J <25 UJ
GWGW2382B-DUP 1.0 0.49 <1.0 <1.0 --- --- 46 71.4 4.37 --- <1.0 --- ---49.8 <10 R ---12/04/08 57-72CELG 12 J 4.88 <2.00 UJ ---<2.00 <2.00 --- ---
GWGW2382B-DUP --- --- --------- 50.9 J --- --- ------ ------ 2.85 ------ ---12/04/08 57-72STLL --- --- --- <1.00 ------ <300 UJ <25 
GWGW2437 0.65 J 0.22 J <1.0 <1.0 --- --- 34 81.9 3.32 J--- <1.0 --- ---51.8 <10 R ---02/12/09 57-72CELG 13 J 8.86 <5.00 ---0.262 J<5.00 UJ --- ---
GWGW2437 --- --- --------- 83 --- --- ------ ------ 3.48 ------ ---02/12/09 57-72STLL --- --- --- <1.00 ------ <300 0.37 J
GWGW2438-DUP 0.70 J 0.34 J <1.0 0.26 J--- --- 37 75.0 2.35 --- <1.0 --- ---51.1 3.0 J ---02/12/09 57-72CELG 13 J 6.35 <1.00 ---<1.00 0.0918 UJ --- ---
GWGW2438-DUP --- --- --------- 82 --- --- ------ ------ 2.79 ------ ---02/12/09 57-72STLL --- --- --- <1.00 ------ 210 J <25 
GWGW2492-DUP 1.2 0.55 <0.50 <0.50 --- --- 52 73.9 3.31 --- <0.50 --- ---492 <5.0 R ---05/20/09 57-72CELG 12 5.17 <1.00 ---0.0358 J0.158 J --- ---
GWGW2492-DUP --- --- --------- 46.5 --- --- ------ ------ 2.64 ------ ---05/20/09 57-72STLL --- --- --- <1.00 ------ <300 0.30 J
GWGW2492-DUP --- --- --------- --- --- --- ------ ------ --------- <20 05/20/09 57-72TANC --- --- --- --------- --- ---
GWGW2493 1.1 0.56 <0.50 0.35 J--- --- 52 80.8 3.67 --- <0.50 --- ---563 <5.0 R ---05/20/09 57-72CELG 12 5.12 0.0292 J ---0.0491 J0.348 J --- ---
GWGW2493 --- --- --------- 53.5 --- --- ------ ------ 2.90 ------ ---05/20/09 57-72STLL --- --- --- <1.00 UJ------ <300 0.24 J

WBH-1 GWGW2285 <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 --- ------ 0.5 --- ------<10 ---09/18/08 65-75CTB --- --- --- --------- --- ---
GWGW2285 --- --- --------- --- --- --- ------ ------ --------- 5 J09/18/08 65-75NCL --- --- --- --------- --- ---
GWGW2285-DUP <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 --- ------ 0.6 --- ------<10 ---09/18/08 65-75CTB --- --- --- --------- --- ---

WBH-2 GWGW2292 --- --- --------- --- --- 8.4 ------ ------ --------- ---09/16/08 65-75CTB --- --- --- --------- --- ---
GWGW2292 --- --- --------- --- --- --- ------ ------ --------- ---09/17/08 65-75CTB --- --- --- --------- --- ---
GWGW2292 --- --- --------- <20.0 --- --- ------ ------ 0.74 J------ ---09/17/08 65-75STLL --- --- --- <1.00 ------ 1,620 <1.00 

WBH-3 GWGW2293 --- --- --------- --- --- --- ---42 ------ --------- ---09/16/08 64-75CTB --- --- --- --------- --- ---
GWGW2293 --- --- --------- 12.4 J --- --- ------ ------ 1.99 ------ ---09/16/08 64-75STLL --- --- --- <1.00 UJ------ <300 <1.00 

WBH-4 GWGW2286 <0.5 <0.5 <0.5 <0.5 <0.5 --- <0.5 38 ------ <0.5 --- ------<10 ---09/15/08 63-75CTB 4.5 --- --- --------- --- ---
GWGW2286 --- --- --------- 10.4 J --- --- ------ ------ --------- ---09/15/08 63-75STLL --- --- --- --------- <300 ---
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Analytical Results for Grab Groundwater Samples Collected from Locations Adjacent to the UC Disposal Units During the 2008 Data Gaps Investigation
Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis

Table 2-4.

Barium1,2-
Dichloro-

ethane

1,2-
Dichloro-
propane

1,2,3-
Trichloro-
propane

Chloro-
form

Chromium, 
Total

Chromium, 
Hexavalent

Carbon-
14

1,1-
Dichloro-

ethane

Acetone Copper Formal-
dehyde

Mang-
anese

Uranium-
238

µg/L µg/Lµg/L µg/Lµg/L µg/L µg/L µg/LpCi/Lµg/L µg/Lµg/L µg/L µg/Lµg/L pCi/LUnits:

Sample IDLocation ID Tetra-
chloro-
ethene

Sample 
Date

Screened
Interval

Lab

ft bgs

Nitrate

mg/L

Selenium

µg/L

Silver

µg/L

Strontium-
90

pCi/L

Cadmium

µg/L

Antimony

µg/L

Tritium

pCi/L

Uranium-
235/236

pCi/L

Location Abbreviations: 

ET-1  = Eastern trenches, location 1 
ET-2  = Eastern trenches, location 2 

LF1-2  = Landfill 1, location 2 
LF2-1  = Landfill 1, location 1 
LF2-2  = Landfill 2, location 2 
LF2-3  = Landfill 2, location 3 
LF2-4  = Landfill 2, location 4 
LF3-2  = Landfill 3, location 2 
ST-1  = Southern trenches, location 1 
ST-2  = Southern trenches, location 2 

WBH-1  = Waste burial hole, location 1 
WBH-2  = Waste burial hole, location 2 
WBH-3  = Waste burial hole, location 3 
WBH-4  = Waste burial hole, location 4 

Notes: 

---  = Not analyzed 
BOLD  = Analyte detected above reporting limit 
CELG  = Calscience Environmental Labs, Inc. Garden Grove, California 

CTB  = Curtis and Tompkins Laboratory, Berkeley, California 
DUP  = Blind duplicate for field sample 

ft bgs  = Feet below ground surface 
J  = Result is qualified as an estimated concentration or amount 

mg/L  = Milligrams per liter 
NCL =  North Coast Laboratory, Arcata, California 

pCi/L  = Picocuries per liter 
R  =  Non-detectable results rejected due to laboratory deficiencies

STLL  = Test America Laboratory, St. Louis, Missouri 
TANC  = Test America Laboratory, North Canton, Ohio 

µg/L  = Micrograms per liter 
UJ   = Result is not detected at an estimated detection limit 

 

Analytic methods used for these results: A-01-R, C-01-01, E300.0, E905.0, E906.0, EPA 8315A, SW6010B, SW7199, SW8081A, SW8082, SW8260B, SW8270C 
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Table 2-5.  Proposed Preliminary Soil Cleanup Goals for Ground Water Impact Chemicals of Concern, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis 

Disposal Unit 
Groundwater Impact 
COC 

Soil Background 
(µg/kg or pCi/g)1 

Best Available 
Practical 

Quantitation 
Limit2 

(μg/kg or pCi/g) 

Soil Designated 
Level 

 for GW Impact at 
Drinking Water 

Standard3 

(μg/kg or pCi/g) 

Soil Designated 
Level 

for GW Impact at 
Background4 

(µg/kg or pCi/g) 

Proposed 
Preliminary Soil 
Cleanup Goal5  

(μg/kg or pCi/g) 

Maximum Soil 
Concentration 

Detected6 
(μg/kg or pCi/g) 

Eastern Trenches Chloroform 0 5 0.67 0.30 <5 NA 
 1,1-dichloroethane 0 5 1.12 0.112 <5 NA 
 1,2-dichloroethane 0 5 0.104 0.104 <5 NA 
 1,2-dichloropropane 0 5 1.20 0.120 <5 NA 
 1,4-dioxane7 0 20 0.48 0.32 <20 NA 
 Carbon-14 <0.13 0.05 <0.13 <0.13 <0.13 8.3 
 Tritium <1.2 1.0 <1.2 <1.2 <1.2 15.5 
Landfill Unit No. 1 Copper 60,000 300 43,500 62.2 60,000 2,690,000 
 Selenium 1,200 600 216 18.1 1,200 13,000 
 Carbon-14 <0.13 0.05 <0.13 <0.13 <0.13 4.74 
Landfill Unit No. 2 Acetone 0 5 4,780 1.09 <5 NA 
 Chloroform 0 5 0.64 0.32 <5 NA 
 1,1-dichloroethane 0 5 1.24 0.124 <5 NA 
 1,2-dichloropropane 0 5 1.34 0.134 <5 NA 
 1,4-dioxane7 0 20 0.58   0.39 <20 NA 
 Cadmium 510 300 287 11.6 510 6,700 
 Carbon-14 <0.13 0.05 <0.13 <0.13 <0.13 4.2 
Landfill Unit No. 3 Barium7 260,000 10,000 35,000 6,920 260,000 968,000 
 Cadmium 510 300 319 12.9 510 20,000 
 Copper 60,000 300 138,000 197 60,000 1,700,000 
 Carbon-14 <0.13 0.05 <0.13 <0.13 <0.13 3.77 
 Formaldehyde7 0 20 15.2 7.6 20 NA 
Waste Burial Holes 1,4-dioxane7 0 20 0.50  0.33 <20 NA 
 Carbon-14 <0.13 0.05 0.319 <0.13 0.319 1,442 
 Tritium <1.2 1.0 3.19 <1.2 3.19 902 
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Table 2-5. Proposed Preliminary Soil Cleanup Goals for Ground Water Impact Chemicals of Concern, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis (continued) 

 
Abbreviations: 
< n  not detected; detection limit equal to n 
CNL  California Notification Level, drinking water 
CRDL  Contract-required Detection Limit 
COC  constituent of concern 
GW  groundwater 
MCL  State of California Maximum Contaminant Level, drinking water 
µg/kg  micrograms per kilogram 
NA  not applicable; these volatile constituents were generally not detected in soil, therefore only soil vapor data were used to assess their potential impact on groundwater 
pCi/g  picocuries per gram 
PQL  practical quantitation limit 
PRG  United States Environmental Protection Agency Region 9 Preliminary Remediation Goal, residential tap water 
VOCs  volatile organic compounds 
 
Notes: 

Bold font indicates numbers that form the basis of proposed preliminary cleanup goals.  The goal for a given constituent may vary from one disposal unit to another due to differences in soil types 
and constituent distribution.  See Appendix D of this document for details. 
1 Site-specific soil background as defined in Work Plan for Removal Actions in the Southwest Trenches, Ra/Sr Treatment Systems, and Domestic Septic System Areas (Weiss Associates, 2000) and 
approved by the regulatory agencies.  Background values are the 80% lower confidence limit (LCL) on the 95th percentile of data for soil collected from borings drilled in the vicinity of the Site 
specifically for the purpose of establishing soil background.  

2 Best available PQLs are the current CRDLs; for organics, John Zimmerman, Research Physical Scientist, Characterization and Monitoring Branch, ESD, NERL, US EPA, who is part of the 
Regional Applied Research Effort (RARE) team working on Development of a Systematic Approach to Accurately Measure Trace Levels of VOCs in Soils, was consulted on May 4, 2009, and he 
confirmed that these are the best available PQLs. 

3 Based on MCL if available, CNL if no MCL available, and PRG if no MCL or CNL available (with the exception of chloroform, for which the 1.1 microgram per liter Cal EPA toxicity value was 
used instead of the 80 microgram per liter MCL). 

4 Based on groundwater background values determined from well UCD1-018 samples data (hydrostratigraphic unit 1 background) up to October 2008, with groundwater CRDL used for organics. 
5 Proposed goal is highest of background, best available PQL or designated level for groundwater impact at background. 
6 Based on Data Gaps and previous investigations, as shown on Table 2-2. 
7 Constituents retained as COCs for evaluation in the Feasibility Study primarily due to data limitations; i.e., the lack of soil data for 1,4-dioxane and the potential lack of sufficient groundwater data 

for barium and formaldehyde.  These COCs may be dropped during the Feasibility Study based on additional groundwater data collected during 2010. 
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Table 3-1.  Maximum Soil Vapor Concentrations and Risk-Based1 Screening Values for Hypothetical Future Onsite Residents, Laboratory for  
Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

  5 foot Depth 15 foot Depth 25 foot Depth 

Area / COC 
CHHSLs 
(µg/m3) 

Screening 
Value  

(µg/m3) 

Maximum Soil  
Vapor Concentration 

(µg/m3) 

Screening 
Value  

(µg/m3) 

Maximum Soil  
Vapor Concentration 

(µg/m3) 

Screening 
Value  

(µg/m3) 

Maximum Soil  
Vapor Concentration 

(µg/m3) 
Eastern Trenches        
Acetone NA 3.00E+07 210 6.80E+07 170 1.05E+08 190 
1,3-Butadiene NA 9.6 17 Jt(a) 18 < 176 J(a) 26 6.8 Jt(a) 
Carbon Disulfide NA 750,000 2.3 1.80E+06 81 2.75E+06 2.3 
Chloroform NA 470 1,400 1,150 13,000 1,750 710 
1,1-Dichloroethane NA 1,950 28 5,000 550 7,950 19 
1,2-Dichloroethane 49.6 120 < 9.2 280 330 440 43 
1,2-Dichloropropane NA 300 43 760 1,900 1,200 220 
Formaldehyde NA 110 45.8 J1 175 58.8 J1 240 61.7 J1 
Styrene NA 1.25E+06 < 9.9 3.15E+06 < 71 5.00E+06 1.8 
Tetrachloroethene 180 540 22 1,400 130 2,200 7 
Toluene 135,000 360,000 70 880,000 44 1.40E+06 44 

Landfill Unit 1        
Acetone NA 2.40E+07 120 6.80E+07 150 1.05E+08 < 710 
1,3-Butadiene NA 8.5 < 15 18 74 26 < 160 
Formaldehyde NA 140 57.8 175 68.5 240 69.7 
Toluene 135,000 280,000 72 880,000 120 1.40E+06 < 280 

Landfill Unit 2        
Acetone NA 2.40E+07 1,500 4.80E+07 3,500 1.05E+08 3,900 
1,3-Butadiene NA 8.5 4.4 13.5 < 130 26 < 86 
Carbon Disulfide NA 585,000 72 1.25E+06 140 2.75E+06 51 
Chloroform NA 370 9,600 790 16,000 1,750 920 
1,1-Dichloroethane NA 1,500 890 3,300 1,600 7,950 58 
1,1-Dichloroethene NA 62,500 270 140,000 390 320,000 < 41 
1,2-Dichloropropane NA 225 910 510 260 1,200 32 
Formaldehyde NA 140 72 280 123 240 175 
Methyl Ethyl Ketone NA 4.75E+06 36 1.10E+07 61 2.50E+07 52 
Styrene NA 920,000 < 72 2.15E+06 2.2 5.00E+06 2.2 
Tetrachloroethene 180 400 2,600 920 1,500 2,200 770 
Toluene 135,000 280,000 8,000 600,000 1,800 1.40E+06 1,800 
1,1,2-Trichloroethane NA 145 < 91 330 < 320 780 < 210 
Xylenes 315,000 91,000 320 200,000 16 470,000 18 

Landfill Unit 3        
Acetone NA 2.40E+07 160 6.80E+07 < 550 1.05E+08 110 
1,3-Butadiene NA 8.5 < 35 18 < 130 26 12 
Formaldehyde NA 140 50.2 175 80.2 240 121 
Toluene 135,000 280,000 61 880,000 < 220 1.40E+06 89 

Southern Trenches        
Acetone NA 2.40E+07 74 6.80E+07 63 1.05E+08 300 
1,3-Butadiene NA 8.5 < 19 J(a) 18 1.8 Jt(a) 26 1.9 Jt(a) 
Carbon Disulfide NA 585,000 2.4 1.80E+06 1.2 2.75E+06 2.7 
Methyl Ethyl Ketone NA 4.75E+06 7.2 1.55E+07 7.4 2.50E+07 19 
Styrene NA 920,000 1.3 3.15E+06 0.79 5.00E+06 1.2 
Toluene 135,000 280,000 34 880,000 17 1.40E+06 29 

Waste Burial Holes        
Acetone NA 1.40E+08 140 6.80E+07 < 110 1.05E+08 140 
Benzene 36.2 2,500 < 31 235 < 36 370 < 30 
1,3-Butadiene NA 160 43 18 < 25 26 < 20 
Chloroform NA 11,500 < 47 1,150 < 56 1,750 < 45 
Formaldehyde NA 55 46.3 175 70.2 240 71.2 
Methyl Ethyl Ketone NA 3.50E+07 < 29 1.55E+07 < 34 2.50E+07 < 27 
Toluene 135,000 9.50E+06 110 880,000 110 1.40E+06 100 
1,3-Dichlorobenzene NA 4.00E+06 < 58 380,000 < 69 600,000 79 

Notes: 
Soil vapor concentrations that exceed the screening values are shown in bold. Detection limits shown in bold if greater than twice the screening value. 
1 Based on risk below 1 in 1,000,000 for carcinogens and hazard quotient below 1.0 for non-carcinogens. 
Abbreviations: 
(a) not on standard EPA Method TO15 list and not reported initially by AirTech, so QA/QC review could not be completed 
CHSSLs California Human Health Screening Levels (California Environmental Protection Agency, 2005), based on a residential scenario and assumed soil gas depth of five ft below ground surface;  
 included for comparison with the site-specific five-foot screening levels in the second column 
COC constituent of concern 
J estimated value, below reporting limit (Jt) or one day past holding time (J1) 
< n not detected; detection limit equal to n. 
NA not available 
µg/m3 micrograms per cubic meter 
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Table 3-2.  Maximum Soil Vapor Concentrations and Risk-Based1 Screening Values for Onsite Indoor Researchers2, Laboratory for  
Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

 5 foot Depth 15 foot Depth 25 foot Depth 

 Screening Value 
Maximum Soil  Vapor 

Concentration Screening Value 
Maximum Soil  Vapor 

Concentration Screening Value 
Maximum Soil  Vapor 

Concentration 
Area / COC (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) (µg/m3) 
Eastern Trenches       
Acetone 1.10E+08 210 2.80E+08 170 2.30E+08 190 
1,3-Butadiene 39 17 Jt(a) 79 < 176 J(a) 66 6.8 Jt(a) 
Carbon Disulfide 2.55E+06 2.3 6.80E+06 81 5.90E+06 2.3 
Chloroform 1,600 1,400 4,300 13,000 3,750 710 
1,1-Dichloroethane 6,000 28 17,000 550 16,000 19 
1,2-Dichloroethane 405 < 9.2 1,100 330 935 43 
1,2-Dichloropropane 940 43 2,650 1,900 2,450 220 
Formaldehyde 425 45.8 J1 720 58.8 J1 650 61.7 J1 
Styrene 3.80E+06 < 9.9 1.10E+07 < 71 1.05E+07 1.8 
Tetrachloroethene 1,650 22 4,700 130 4,400 7 
Toluene 1.15E+06 70 3.20E+06 44 2.90E+06 44 
       
Landfill Unit 1       
Acetone 1.55E+08 120 2.75E+08 150 2.30E+08 < 710 
1,3-Butadiene 14 < 15 79 74 66 < 160 
Formaldehyde 230 57.8 730 68.5 650 69.7 
Toluene 460,000 72 3.20E+06 120 2.90E+06 < 280 
       
Landfill Unit 2       
Acetone 4.00E+07 1,500 8.00E+07 3,500 2.30E+08 3,900 
1,3-Butadiene 14 4.4 23 < 130 66 < 86 
Carbon Disulfide 980,000 72 2.05E+06 140 5.90E+06 51 
Chloroform 615 9,600 1,300 16,000 3,750 920 
1,1-Dichloroethane 2,450 890 5,600 1,600 16,000 58 
1,1-Dichloroethene 105,000 270 230,000 390 660,000 < 41 
1,2-Dichloropropane 380 910 850 260 2,450 32 
Formaldehyde 230 72 460 123 650 175 
Methyl Ethyl Ketone 8.00E+06 36 1.80E+07 61 5.00E+07 52 
Styrene 1.55E+06 < 72 3.55E+06 2.2 1.05E+07 2.2 
Tetrachloroethene 675 2,600 1,550 1,500 4,400 770 
Toluene 460,000 8,000 1.00E+06 1,800 2.90E+06 1,800 
1,1,2-Trichloroethane 240 < 91 535 < 320 1,550 < 210 
Xylenes 155,000 320 335,000 16 960,000 18 
       
Landfill Unit 3       
Acetone 4.00E+07 160 2.75E+08 < 550 2.30E+08 110 
1,3-Butadiene 14 < 35 79 < 130 66 12 
Formaldehyde 230 50.2 730 80.2 650 121 
Toluene 460,000 61 3.20E+06 < 220 2.90E+06 89 
       
Southern Trenches       
Acetone 4.00E+07 74 2.75E+08 63 2.30E+08 300 
1,3-Butadiene 14 < 19 J(a) 79 1.8 Jt(a) 66 1.9 Jt(a) 
Carbon Disulfide 980,000 2.4 6.80E+06 1.2 5.90E+06 2.7 
Methyl Ethyl Ketone 7.95E+06 7.2 3.50E+07 7.4 5.00E+07 19 
Styrene 1.55E+06 1.3 1.10E+07 0.79 1.05E+07 1.2 
Toluene 460,000 34 3.20E+06 17 2.90E+06 29 
       
Waste Burial Holes       
Acetone 6.70E+08 140 2.75E+08 < 110 2.30E+08 140 
Benzene 5,300 < 31 850 < 36 770 < 30 
1,3-Butadiene 480 43 79 < 25 66 < 20 
Chloroform 25,500 < 47 4,300 < 56 3,750 < 45 
Formaldehyde 140 46.3 730 70.2 650 71.2 
Methyl Ethyl Ketone 1.30E+08 < 29 3.50E+07 < 34 5.00E+07 < 27 
Toluene 2.05E+07 110 3.20E+06 110 2.90E+06 100 
1,3-Dichlorobenzene 8.15E+06 < 58 1.25E+06 < 69 1.20E+06 79 

Notes: 
Soil vapor concentrations that exceed the screening values are shown in bold. Detection limits shown in bold if greater than twice the screening value. 
1 Based on risk below 1 in 1,000,000 for carcinogens and hazard quotient below 1.0 for non-carcinogens. 
2 Exposure assumptions and parameters for the Onsite Indoor Researcher are the same as for an onsite commercial use scenario.   
Abbreviations: 
(a) not on standard EPA Method TO15 list and not reported initially by AirTech, so QA/QC review could not be completed 
COC constituent of concern 
J estimated value, below reporting limit (Jt) or one day past holding time (J1) 
µg/m3 micrograms per cubic meter 
< n not detected; detection limit equal to n 
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Figure  1-3.                 Chromium Concentrations in HSU-1 Monitoring Wells Higher Concentration Over Time, Laboratory for Energy-related Health Research/South Campus 
Disposal Site, University of California, Davis
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Figure 1-4.                 Chromium Concentrations in HSU-1 Monitoring Wells Lower Concentration Over Time, Laboratory for Energy-related Health Research/South Campus 
Disposal Site, University of California, Davis
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Figure 1-6. Off-site Supply Wells Chromium Concentrations, Laboratory for Energy-related Health Research/South Campus 
Disposal Site, University of California, Davis
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Figure 1-7. Source Mechanism 1A : Manganese Reduction, Mobilization and Reoxidation with Cr (VI) Generation, Laboratory for Energy-related Health 
Research/SouthCampus Disposal Site, University of California, Davis.

07/09/09L:\UC Davis\LEHR\Figures\Data Gaps Tech Memoranda\MaganesesReductionLayout.ai 



1. Define DL COPCs (completed before Data Gaps 
Investigation; see Figure 2-2 for process).

2. Conduct DU Data Gaps Investigation to supplement 
existing DL COPC data.

3. Define representative soil/COPC parameters and 
profiles per DU. 

4. Conduct NUFT vadose zone modeling to calculate
GW impact screening criteria (DLs and peak times).

5. Carry forward all COPCs that exceed screening criteria
or are present in one or more groundwater monitoring 

well above background.

6. Consider spatial distribution, potential Site use, level 
of GW impact, and data uncertainty to recommend

COPCs for evalutation in the FS.
 

Weiss Associates 

Figure 2-1.

08/06/09L:\UC Davis\LEHR\Figures\Data Gaps Tech Memoranda\Soi l toGWCOCRiskFlowChar t .a i  

Soil-to-Groundwater Impact COPC Risk Characteration Analysis Flow Chart, Laboratory for Energy-related Health 
Research/South Campus Disposal Site, University of California, Davis



Tabulate Confirmation Sample
Results for all analytes

STEP 3a.
Is Kd  <  Kd   Limit*?

Analyte is not a DL COPC

If applicable, perform the
WRS Test, evaluate

biodegradability and %
detection

STEP 1.
Is analyte detected

in any sample?

STEP 2.
Is the max. analyte
conc. > 1.5 x BKG

AND
detection > 5 %?

Yes

Yes

Analyte is not a DL COPC

Analyte is not a DL COPC

No

No

No

STEP 4.
Does the analyte

fail the WRS/
Biodegradation

Test?

Analyte is not a DL COPCNo

Analyte is a DL COPC

Yes

Yes

This step determines if
significant detections of COPCs
are present above background

This step determines if
detections of COPCs will

persist in the environment
and potentially impact

ground water

This step determines if
distribution of COPC data

mirrors the background data

Abbreviations
BKG Background
COPC Constituent of Potential Concern
DL Designated Level
Kd Soil Adsorption Coefficient
ml/g milliliters per gram
Rad. radionuclide
WRS Wilcoxon Rank Sum

*K d Limit = 10 mL/g for
organics; Kd Limit = 1,000

mL/g for inorganics and
radionuclides

STEP 3b.
Is rad. 1/2 life < 

1 year?

No

Yes

Weiss Associates 

Figure 2-2.

07/27/09L:\UC Davis\LEHR\Figures\Data Gaps Tech Memoranda\COPCAnalysisFlowChar t .a i  

Designated-Level COPC Analysis Flow Chart, Laboratory for Energy-related Health Research/South 
Campus Disposal Site, University of California, Davis
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Data Gaps Disposal Unit Soil, Soil Gas and Groundwater Sampling and New Monitoring Well Locations, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, DavisFigure 2-3.

EXPLANATION

+U( New Data Gaps Disposal Unit (DU) HSU-1 Monitoring Wells

+U Existing Data Gaps Disposal Unit (DU) HSU-1 Monitoring Wells

+U Other HSU-1 Monitoring Wells

Úð Data Gaps DU Soil Gas and Groundwater Sampling Location

! Data Gaps DU Soil and Groundwater Sampling Location

UC Davis Property Boundary, Approximately Located

29-Jan-2010
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UCD Landfill No. 1
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Trenches
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Landfill Unit No. 1 Vadose Zone Sample Locations used in Soil-to-Groundwater Impact Evaluation, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, DavisFigure 2-4.

22-Jan-2010

Soil borehole angled 15° off
vertical to South-West;

soil gas borehole vertical

N
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feet

EXPLANATION

Soil Gas Sample Location
Subsurface Soil Sample Location
Surface and Subsurface Soil Sample Location
Surface Soil Location
Investigation Trench
Building
Ground Penetration Radar Geophysics Anomaly
Magnetic Geophysics Anomaly
Electromagnetic Geophysics Anomaly
Landfill Disposal Unit No. 1

Notes:
1. 2008 Data Gaps Locations Shown in Bold.
2. Landfill boundaries are as presented in the UC Davis Remedial
Investigation Report (UC Davis, 2004). These boundaries were
estimated based on historical and anecdotal information and
geophysical surveys, and refined based on exploratory trenching.
No evidence of waste was reported for those investigation
trenches shown outside of landfill boundaries.
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Landfill Unit No. 2 and Eastern Trenches Vadose Zone Sample Locations used in Soil-to-Groundwater Impact Evaluation, Laboratory for Energy-related Health
Research/South Campus Disposal Site, University of California, Davis

Figure 2-5.

See Figure 2-8  for more information within
Waste Burial Holes Disposal Unit

25-Jan-2010

N

feet

0 60 Feet

EXPLANATION
Soil Gas Sample Location
Subsurface Soil Sample Location
Surface and Subsurface Soil Sample Location
Surface Soil Location
Investigation Trench
Building
Distinct Geophysics Anomaly
In-Phase Geophysics Anomaly
Magnetic Geophysics Anomaly
Subtle Geophysics Anomaly
Terrain Geophysics Anomaly
Waste Cell

Waste Disposal Areas
Eastern Dog Pens
Eastern Trenches
Landfill Disposal Unit No.2
Waste Burial Holes

Notes:
1. 2008 Data Gaps Locations Shown in Bold.
2. Landfill boundaries are as presented in the UC Davis Remedial
Investigation Report (UC Davis, 2004). These boundaries were estimated
based on historical and anecdotal information and geophysical surveys,
and refined based on exploratory trenching. No evidence of waste was
reported for those investigation trenches shown outside of landfill boundaries.
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Landfill Unit No. 3 Vadose Zone Sample Locations used in Soil-to-Groundwater Impact Evaluation, Laboratory for Energy-related Health Research/South Campus Disposal Site, 
University of California, Davis

Figure 2-6.

EXPLANATION

Úð Soil Gas Sample Location

! Subsurface Soil Sample Location

+U Surface and Subsurface Soil Sample Location

!< Surface Soil Location
Investigation Trench

Magnetic Geophysics Anomaly

Subtle Geophysics Anomaly

Waste Cell

Waste Disposal Area

Building

22-Jan-2010

Soil borehole angled 15° off
vertical to South-West;
soil gas borehole vertical

Notes:
1. 2008 Data Gaps Locations Shown in Bold.

2. Landfill boundaries are as presented in the UC Davis Remedial
Investigation Report (UC Davis, 2004). These boundaries were estimated
based on historical and anecdotal information and geophysical surveys,
and refined based on exploratory trenching. No evidence of waste was
reported for those investigation trenches shown outside of landfill boundaries.
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Southern Trenches Vadose Zone Sample Locations used in Soil-to-Groundwater Impact Evaluation, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, DavisFigure 2-7.

EXPLANATION

Úð Soil Gas Sample Location

! Subsurface Soil Sample Location

!< Surface Soil Location

Investigation Trench

Waste Disposal Unit

Subtle Geophysics Anomaly

N

feet

0 20 Feet

Notes:
1. 2008 Data Gaps Locations Shown in Bold.

2. Landfill boundaries are as presented in the UC Davis Remedial Investigation Report (UC Davis, 2004).
These boundaries were estimated based on historical and anecdotal information and geophysical surveys,
and refined based on exploratory trenching. No evidence of waste was reported for those investigation
trenches shown outside of landfill boundaries.

22-Jan-2010



}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}

}}

}}

}}

}}

}}

}}

}}

}}

}}

}}

}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}

!

!Ò

!Ò

!Ò

!Ò
!Ò

!Ò

!Ò

!Ò!Ò

!Ò

!Ò

!Ò

!Ò

!Ò

!Ò

!Ò

!Ò

!Ò

!Ò
!Ò

!Ò
!

! !

!

!

!

!

!

!
!

!

! !

!

!
!

!

!

!!

!
!!

!
!

!! !
!

!!!
!

!

!!

!!!

!

!
!

!!
!

!!! !

!

!!

!

!
!!

!
!!!

!

!!

!

!

!

!

!

!

!

Úð

Waste Burial Holes

Landfill
Disposal
Unit No. 2

Eastern
Trenches

Eastern Dog Pens

WBH-2

WBH-3

WBH-1

SBL-373A

SBL-373B

SBL-373C

SBL-374A

SBL-374B

SBL-374C

SBL-375A

SBL-375B

SBL-375C

SBL-376A

SBL-376B

SBL-376C

SBL-377A
SBL-377B

SBL-377C
SBL-390

SBL-391
SBL-392

SBL-393

SBL-394

SBL-395

SBL-396
SBL-397

SBL-398
SBL-399

SBL-446

SBL-447

SBL-448

SBL-449

SBL-450

SBL-451

SSWB0018

SSWB0019

SSWB0060SSWB0061

SSWB0062
SSWB0063

SSWB0064

SSWB0065

SSWB0066 SSWB0067
SSWB0068

SSWB0069
SSWB0070

SSWB0071
SSWB0072

SSWB0073
SSWB0075

SSWB0076
SSWB0077

SSWB0078 SSWB0079

SSWB0080SSWB0081

SSWB0082

SSWB0083

SSWB0084
SSWB0085

SSWB0086
SSWB0087

SSWB0088
SSWB0089 SSWB0090

SSWB0091

SSWB0092

SBL0032

SSWB0094
SSWB0095

SSWB0096
SSWB0097

SSWB0098
SSWB0099

SSWB0102

SSWB0103
SSWB0104

SSWB0105

SSWB0106

SSWB0093

TRL0049

TRL0050

TRL0051

TRL0052

TRL0054

SBL-371A
SBL-371B

SBL-371C

SBL-372A
SBL-372B

SBL-372C

SSWB0107

T:\LEHR\Maps\UCDavis\DataGaps\Waste BurialHoles.mxd

Waste Burial Holes Vadose Zone Sample Locations used in Soil-to-Groundwater Impact Evaluation, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, DavisFigure 2-8.

EXPLANATION

Úð Soil Gas Sample Location

! Subsurface Soil Sample Location

!Ò Composite Sampling Location

Clean Imported Soil

Sorted Soil

Waste Burial Holes Removed 1999

Investigation Trench

22-Jan-2010

Notes:
1. See Figure 2-5 for more information within Landfill Unit No. 2 and Eastern Trenches.

2. 2008 Data Gaps Locations Shown in Bold.

3. Landfill boundaries are as presented in the UC Davis Remedial Investigation Report (UC Davis, 2004).
These boundaries were estimated based on historical and anecdotal information and geophysical surveys,
and refined based on exploratory trenching. No evidence of waste was reported for those investigation
trenches shown outside of landfill boundaries.
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APPENDIX A 

CHROMIUM DATA GAPS INVESTIGATION GEOLOGIC AND WELL 
CONSTRUCTION LOGS 



Silt (ML), grayish brown, stiff, damp, ~20% f-m sand, 80% fines, roots, LP, LEK.

At 7 ft: Unit coarsening downwards.
Silty Sand (SM), light olive brown (2.5Y, 5/4), medium dense, damp, ~75-80% f. sand.

At 10-12.7 ft: 65-75% f. sand, 25-35% silt fines, LP, MEK

Sandy Silt (ML), lt. olive brown (2.5Y, 5/4), stiff, damp, 15-20% f. sand, root holes, LP, LEK.

Silty Sand (SM), dk. brown (7.5Y, 4/4), med. dense, moist, 6% f. sand; up to 40% fines; Fe-ox
stained, LP, MEK.

At 18-19.8 ft: Fe-ox staining (in circles and mottling), grayish zone about 3 inches thick at 19-19.3
ft.

Silt (ML), lt. olive brown (2.5Y, 5/4), hard, moist, trace to 5% f. sand, root holes, reddish brown
mottling, LP, LEK.

At 24-28 ft: Caliche veins and nodules, trace Mn-ox staining and Fe-ox, LP, LEK.

At 26.5 ft: Increasing clay content but still predominantly silt fines.

At 30-31.5 ft: as above, caliche-nodules, minor Me- and Fe-ox stains, mottling, hard, damp-moist,
LP, LEK.

18/18

18/12

18/18

18/18

18/18

24/24

18/6

18/12

18/18

6/6
18/18

18/18

18/18

6/6
18/13

18/18

18/18

6/6
18/18

18/18

18/18

6/6

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. Hand auger used to clear 0-5 feet.
2. Borehole was continuously cored using 2"

diameter California Modified split-spoon
samplers.

3. Borehole was backfilled to surface with neat
cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/22/2008
9/22/2008
Hollow Stem Auger
2" Cal Mod sampler
46.7
8"

Location of cored run

J:\UCDAVIS\LEHR\2.1_CERCLA_DOCUMENTS\2.1.1_DRAFT_FS\2.1.1.2_DATA_GAP_INVESTIGATION\BORING LOGS\UCD DATA GAPS 2009 INVESTIGATION.GPJ
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LITHOLOGIC DESCRIPTION
GRAPHIC

LOG

RUN LENGTH/
RECOVERED

LENGTH
(INCHES)

PAGE  1  OF  2
BORING BGCr-1

Figure A-1.  Boring Log for Boring BGCr-1, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



At 35 ft: As above, hard, damp-moist, LEK.

At 42 ft: Moist, grayish and lt. olive brown, thin (< 1/2), silty sand dense at 42.2, firm to stiff, LP,
LEK.

At 50 ft: As above with minor Fe-ox mottling, firm, moist, LP, LEK.

Sand (SP), dk. yellowish brown (10YR, 5/2), dense, wet, trace to 5% fine f-m sand, HEK.
At 54 ft: Water noted on samples.
Collected GW sample at 55 ft 14:00, 9/22/08 (ID=GWGW2298).

Sandy SILT (ML) Lt. olive brown (2.5Y, 5/4), to olive (2.5Y, 4/4), hard,  moist to wet, 15-25% f-m
sand; 75-85% fines (silt % > clay%), dk. reddish brn., Fe-ox veins and whitish caliche veings and
nodules, LP, LEK.

At 65 ft: Bailed inside of augers w/ 3" diameter bailer (3-4 gallons removed).

At 66-70 ft: Increased clay in fines; Fe-ox and Mn-ox stains.

Clayey Silt (ML), yellowish brown (10YR, 5/4), hard, moist to wet, 95% fines (silt% > clay%), 5% v.
f. sand, mn-ox specks, grayish mottling scarce, LP, LEK.

At 74.5 ft: Unit coarsening downward.
Silty Sand (SM), dk. yellowish brown (10 YR, 4/3), med. dense, wet, 15% silt fines, 85% f. sand,
LP, HEK.
At 75 ft: Water returned inside augers again.
Silt (ML) lt. olive brown (2.5Y, 5/4), stiff, wet.
Sand (SP), grayish brown, 10 YR, 3/3), medium dense, wet, trace to 5% fines, 85% fine sand;
10% f-c gravel; sub-round.
Gravel (GP), dk. grayish brown (10YR, 3/2), dense, wet, 0-5% fines, 65% f-c gravel, subround to
round, 30-35% f-c sand, HEK.
Collected GW sample BGCr-1-85 (GWGW2299).

Boring terminated 15:50 9/22/08
Bottom of borehole at 85.0 feet.
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Figure A-1.  Boring Log for Boring BGCr-1, LEHR/SCDS, UC Davis, Davis, California



Sandy SILT (ML), lt. grayish brown (10 YR, 3/4), stiff, dry, ~70% fines, ~30% f-c sand, LP, LEK.

SILT (ML), dk. grayish brown (10 YR, 3/2), hard, damp, trace to 5% f. sand, root holes, LP, LEK.

Silty SAND (SM), yellowish brown (10YR, 5/4), medium dense, damp to moist, ~60-70% f-m
sand; 30-40% fines (silty% > clay%).

SILT (ML), light olive brown (2.5 YR, 5/4), v. stiff to hard, moist, trace to 5% f. sand, 95-100% silt
fines; root holes, trace Mn-ox fine specs, LP, LEK.

At 16.5-18.5 ft: Minor Mn-ox specs and caliche veins, damp, LEK.

At 21-25 ft: Mn-ox staining (veins and specs), increasing with depth, LP, LEK.

Sandy SILT (ML), lt. olive brown (2.5Y, 5/4), hard, moist, ~65% fines (silt % > clay%), 35% f.
sand, minor Mn-ox stains, LP, LEK.
SILT (ML), light olive brown (2.5Y, 5/4), hard, damp to moist, trace to 10% f. sand; caliche nodules
to 1/8 diameter and whitish veins, Fe-Ox, Mn-ox staining/mottling, LP,  LEK.
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Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1.. Hand augered 0-5 feet.
2.. Borehole was continuously cored using 2"

diameter California Modified split-spoon
samplers.

3.. Borehole was backfilled to surface with neat
cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Mike Radakovitz
9/23/2009
9/23/2009
Hollow Stem Auger
2" Cal Mod sampler
47.6
8"

Location of cored run
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Figure A-2.  Boring Log for Boring BGCr-2, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



SILT (ML), continued.

At 34-37 ft: Mn-ox (black) and Fe-ox (orange w/brown) staining, minor caliche as veins, otherwise
as above.
At 37-39 ft: Mn-ox staining decreased, rare caliche veins and abundant Fe-ox stains, LP, LEK.

Silty SAND (SM), light olive brown (2.5Y, 5/4), dense, damp, ~15-20% fines, 75-80% f. sand, LP,
HEK.
SILT (ML), dk. brown, LEK.
Silty SAND (SM) as above at 40-41.2 feet.
Sandy SILT (ML), lt. olive brown (2.5Y, 5/2), hard, moist, Fe-ox stained, ~60-70% silt, 30-40% f.
sand, LP, L-MEK.
Silty SAND (SM); olive brwn. (2.5Y, 4/4), ~65% f. sand, 35% silt fines, M-HEK, trace water at
45.5.
Clayey SILT (ML), grayish brown (2.5Y, 5/2), hard, moist, trace f. sand, Fe-ox staining/mottling,
caliche nodules strong reaction with hydrochloric acid, silt% > clay %), LP, LEK.

Silty SAND (SM), olive brown (2.5Y, 4/4), dense, moist, ~65-75% f-m sand, 25-35% fines, LP,
M-HEK.

At 54.5-55.5 ft: ~5% F. gravel, moisture observed on tip of samples at 56 feet.

SAND (SP), dk. grayish brown (10YR, 3/2), dense, wet, trace to 5% fines, 90% f-c sand, 5-10% f.
gravel, subround-round, HEK.
SILT (ML), lt. olive brown (2.5Y, 5/4), hard, moist, trace to 10% sand; Fe-ox stains and rare
caliche veins, LP, LEK.
Note:  High% of sloughed sand inside augers impacted sample recovery at 59.5-66.0 feet, sand
may be an interbed, but is more likely from the unit at 56.5 feet.

At 65 ft: Collected GW sample BGCR-2 @ 65', 14:00, 9/23/08.

At 65-70 ft: as above with minor Fe-ox staining, caliche veins and modules common, LP, LEK.

At 70-75 ft: as above, yellowish brown (10 YR, 5/4), moist to wet, stiff, LP, LEK, caliche veins and
nodules.

At 80 ft: as above with minor caliche veins, moist to wet, L-MP, LEK.

SILT (ML), as above, caliche rare, increased % plastic (clay) fines, moist to wet, LEK.

At 87 ft: Fe-ox stains common again with orange brown mottling and lt. grayish brown patches,
caliche veins, LP, LEK.
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Figure A-2.  Boring Log for Boring BGCr-2, LEHR/SCDS, UC Davis, Davis, California



At 93.5-94.5 ft: Unit coarsening, trace f. gravel, 10% fine sand.

SAND (SP), dk. gry. brn (10YR, 3/2), dense, wet, trace fines, 80% f-c sand, 20% f. gravel, HEK.
At 96.5-98 ft: no recovery, drilled like coarse sand or pea gravel, abundant water recharged inside
augers.

Bottom of borehole at 98.0 feet.
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Figure A-2.  Boring Log for Boring BGCr-2, LEHR/SCDS, UC Davis, Davis, California



Gravel roadbse, FILL, Silty GRAVEL(GW)
Silty SAND (SM), pale brown (10YR 6/3); loose; dry; ~65% v.f. sand; 35% silt fines; trace f-c
gravel near top of unit; LP; M-HEK.

At 6.5 ft: dark grayish brown (10YR  4/2); rootholes; damp; ~40-50% fine; 50% vf-m sand; LP;
LMEK
Sandy SILT (ML), dark grayish brown (10YR 4/2); hard; damp; ~75% fine; 25% f-m sand;
rootholes; LP; LEK.

SILT (ML) dark yellowish brown (10YR, 4/4); firm; moist; 5-10% vf-f. sand 90-95% silt fines;
rootholes; rare caliche veins; LP; LEK.

At 18.5 ft: stiff; moist; as above

At 20 ft: Fe-ox stained w/dk reddish brn. veins; rootholes
At 21 ft: ~6"  thick silty sand (SM) layer; moist; 75% f-c sand; 25 % fines; HEK
At 22 ft; Fe-ox and mn-ox staining.

At 23.5 ft: 6 silty sand layer as above @21 moist; HEK

At 25-28 ft: stiff; moist Fe-ox stains; Mn-ox specs (black); caliche veins and nodules

At 30-35 ft: v. stiff to hard; moist; trace to 10% f-c sand; Fe-ox and Mn-ox staining as mottling and
Mn-ox specs; caliche nodules and whitish veins  increasing w/depth; LP; LEK
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Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2.. Borehole was continuously cored using 2"

diameter California Modified split-spoon
samplers.

3.. Borehole was backfilled to surface with neat
cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Mike Radakovitz
9/24/2008
9/29/2008
Hollow Stem Auger
2" Cal Mod sampler
48.3
8"

Location of cored run
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Figure A-3.  Boring Log for Boring HSCr-1, LEHR/SCDS, UC Davis, Davis, California



At 35-40 ft: silt (ML) as above.

At 40 ft: silt (ML); as above w/ CaCO3 lined rootholes; LP; LEK

At 45 ft: Silt (ML) as above w/caliche veins & nodules; Fe-ox staining pervasive; LP; LEK

At 47.5 ft: moisture observed in core.

At 53 ft: trace Mn-ox staining; otherwise as above; hard; damp to moist; LP; LEK

At 55-60 ft: as above

At 61 ft: moisture visible in core; no recharge inside augers after ~5 min pause. Water stabilized
@ 61' after drilling ahead to 70'

At 65 ft: wet on outside of sampler; litholo is as above; hard; moist; LP; LEK

At 70 ft: collected GW sample from inside augers (HSCr1-70'); 12:45 9/29/08

At 72 ft: dark yellowish brown (10YR, 4/4); hard; damp; low-medium plasticity fines; LP; LEK

Silty SAND (SM), olive brown (2.5 Y, 4/3); dense; wet; ~75-80% f-m sand; 20-25% silt fines; LP;
HEK
At 76.8-77.1 ft and 77.7-78.2 ft: clayey silt (ML) interbeds; LP; LEK
At 78.2-80 ft:  Silty SAND (SM) as above

SAND (SP), dk. grayish brown (10YR, 3/2); dense; wet; trace to 10% fines; 90-100% f-m sand;
HEK

At 83-91.5 ft: limited true recovery in spl spoon sampler due to flowing sands;

GRAVEL (GP), dark grayish brown (10YR, 3/2); dense; wet; ~5-10% fines; 35% f-c sand; 55-60%
f-c gravel, rounded; HEK  Boring terminated 15:40, 9/29/08
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Figure A-3.  Boring Log for Boring HSCr-1, LEHR/SCDS, UC Davis, Davis, California



Boring Terminated 15:40, 9/28/09
Bottom of borehole at 91.5 feet.
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Figure A-3.  Boring Log for Boring HSCr-1, LEHR/SCDS, UC Davis, Davis, California



Silty SAND (SM), light olive brown (2.5x, 5/4), medium dense, damp, ~20-25% fines, 75-80% f-m
sand, LP, HEK.

SILT (ML), dark grayish brown (10YR, 4/2), very stiff, damp, trace to 5% f. sand, low plasticity silt
fines, root holes, LP, LEK.  Silt (ML) continued.

At 11 ft: hue changes to light olive brown (2.5Y, 5/4) ~10% f. sand, LP, LEK.

Sandy  SILT (ML), light olive brown (2.5Y, 5/4), very stiff, damp, ~70-75% fines (silty% > clay%),
25-30% f. sand, LP, LEK.
At 16ft : Moist, rootholes, LEK.

At 20-25 ft: Sandy SILT (ML) as above, damp, LEK.

At 25.5 ft: Fe-ox and Mn-ox staining appears, Mn-ox specs to ~1/4 dia.. LP, moist, LEK.

At 30 ft: SILT (ML), continued.  Light olive brown (2.5Y, 5/4), hard, damp, Caliche veins and
modules common, Fe-ox staining, LP, LEK.
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Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2.. Borehole was continuously cored using 2"

diameter California Modified split-spoon
samplers.

3.. Borehole was backfilled to surface with neat
cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/30/2008
9/30/2008
Hollow Stem Auger
2" Cal Mod sampler
47.2
8"

Location of cored run
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Figure A-4.  Boring Log for Boring HSCr-2, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



At 30-40 ft: SILT (ML) as above, dark brown mottling and MN-ox specs increasing in frequency
with depth.

At 42 ft: Sandy SILT (ML) as above, but Mn-ox specs are infrequent. CaCO3 nodules common to
~3/8 inch diameter.

At 45-50 ft: Caliche absent, otherwise sandy silt (ML) as above w/  Fe-ox stains/mottling, hard,
damp, LP, LEK.

At 49.5 ft: Moisture observed in core sample.

At 52.5 ft: Fe-ox staining and mottling, caliche veins and nodules common, hard, moist, LP, LEK.

At 55 ft: Yellowish brown (10YR 5/3), caliche present as veins, hard, moist, LP, LEK.

At 57.5 ft: Water level inside auger, 11:20 9/30/08.

At 60 ft: As above, hard, moist, LEK.

At 63-64.5 ft: Water observed in augers.

At 65 ft: As above, very stiff to hard, moist, LEK.

Silty SAND (SM), light olive brown, (2.5Y, 5/4), medium dense, wet, ~70% f. sand, 30% fines, LP,
HEK.
SILT (ML) light yellowish brown (10YR, 5/4), hard, moist to wet, trace f. sand, Fe-ox staining and
mottling, LP, LEK.
At 69.5 ft: Paused for HSU-1 water sample 11:00AM 9/30/08.

At 75.4-79.5 ft: Silty SAND (SM) dark yellowish brown (10YR, 3/4), dense, wet, ~70-80% f-m
sand, 15% f. gravel, medium dense, wet, HEK.
At 76.5-84.5 ft: Limited true recovery due to loose flowing sands inside augers, rip behavior and
driller's observations indicate coarse sand/gravel in this zone.
At 78 ft: Unit coarsening downward, ~15% fines, 70% f-c sand, 15% f. gravel, medium dense, wet,
HEK.
At 79.5-84.5 ft: GRAVEL (GP), very dark greyish brown (10YR, 3/2), medium dense, wet, trace to
5% fines, ~35% f-c sand, 60% f-c gravel, subround to round, HEK.

Boring terminated 12:00 9/30/08.
Bottom of borehole at 84.5 feet.
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Figure A-4.  Boring Log for Boring HSCr-2, LEHR/SCDS, UC Davis, Davis, California



6" asphalt.
Clayey to silty fine SAND (SC), w/dispersed rounded
gravel clasts (<1/4" diameter), dark brown (10YR 2/3),
loose, slightly plastic, damp to moist, MP, MEK?

At 5 ft: slight decrease in silt content, stiff.

At 10 ft: grades to silty sandy CLAY (CL), stiff, LP,
LEK.

CLAY (CL) w/minor silt, dark yellowish, brown (10YR
4/4), moderately to v. plastic, moist, LP, LEK.

At 20 ft: as above.

At 25 ft: slight increase in silt content.

At 30 ft:  brown (10YR 4/3) w/dark brown mottles, and
small white rootlet? mottles, v. stiff (hard), slightly
plastic, dry to damp, LP, LEK.

2" I.D. Schedule
40 PVC

Neat Cement

18/18

Well-head completion:
Well-casing diameter: 2"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. hand augered 0-5 feet
2. borehole logged by cuttings and limited split

spoon sampling

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

REK
RKD
Test America
819548
Mike Radakovitz
10/2/2008
10/2/2008
Hollow Stem Auger
Split Spoon
47.7
8"

Location of cored run
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Figure A-5.  Boring Log and Well-Construction Details for Well UCD1-61, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



CLAY (CL), continued.

At 35 ft: as above with minor silt (trace-20%).

At 40 ft: as above w/gray-green mottles.

At 45 ft:  Silty to sandy CLAY (CL) (60% clay,
10%-30% v. fine to fine sand, 10-30% silt), grades to
clayey SAND (SC) (60% v. fine sand) below, brown
(10YR 4/3), w/gray-green mottles, soft to stiff, slightly
to moderately plastic, grades to ~40% sand at bottom
1", moist, MP, MEK.
Silty CLAY (CL), (~70% clay?), dark yellowish brown
(10YR 4/4) w/gray-green mottles, moderately soft to
moderately stiff, slightly to moderately plastic, damp,
LP, LEK.
No recovery between 46 and 46.5 feet.
Clayey SAND (SC), (60% sand), grades to fine sandy
to silty CLAY  below.
Sandy to silty CLAY (CL), (60% clay) below, dark
yellowish brown (10 YR 4/4), w/v. small gray-green
mottles, very stiff to hard, moderately plastic, damp to
moist, MP, MEK.
Lean CLAY (CL) w/trace (<10%), silt, dark yellowish
brown (10 YR 4/4), very stiff to hard, mod. plastic,
moist to wet, LP, LEK.  Water in auger at 60 feet.
Silty to v. fine sandy CLAY (CL), (~30%-40% silt and
sand), yellowish brown (10YR 4/4) w/whitish rootlet
mottles, very stiff to hard, slightly plastic, moist to wet,
LP, LEK.

At 70 ft: <20% silt, yellowish brown (10YR 4/4), soft,
moderately plastic, moist, LP, LEK.
Boring terminated 14:45 10/2/08

Bottom of borehole at 72.0 feet.

Bentonite

#2/12 sand
0.010" screen

18/18

18/18

18/12

18/18

18/18

18/18

18/18
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Figure A-5.  Boring Log and Well-Construction Details for Well UCD1-61, LEHR/SCDS, UC Davis, Davis, California



Sandy SILT (ML) lt. olive brown (2.5Y, 5/4), stiff, dry to
damp, ~70-80% silt fines (silt % > clay %), ~20-30%
f-c sand, trace f. gravel, L-MEK.

At 5 ft: drilled ahead without sampling to 80 feet bgs.

Note: Lithologic descriptions presented below are from
drill cuttings, rig behavior & driller's observations at
UCD-1-63 and, where noted, from adjacent borehole
BGCr-2 which was continuously sampled.  Borehole
BGCr-2 is located approximately 50 feet east of
UCD1-63.
(from BGCR-2) SILT (ML), dk. grayish brown (10 YR,
3/2), hard, damp, trace to 5% f. sand, root holes, LP,
LEK.
(from BGCR-2) Silty SAND (SM), yellowish brown
(10YR, 5/4), medium dense, damp to moist, ~60-70%
f-m sand; 30-40% fines (silty% > clay%).
(from BGCR-2) SILT (ML), light olive brown (2.5 YR,
5/4), v. stiff to hard, moist, trace to 5% f. sand,
95-100% silt fines; root holes, trace Mn-ox fine specs,
LP, LEK.

(from BGCR-2) Sandy SILT (ML), lt. olive brown (2.5Y,
5/4), hard, moist, ~65% fines (silt % > clay%), 35% f.
sand, minor Mn-ox stains, LP, LEK.
(from BGCR-2) SILT (ML), light olive brown (2.5Y,
5/4), hard, damp to moist, trace to 10% f. sand; caliche
nodules to 1/8 diameter and whitish veins, Fe-Ox,
Mn-ox staining/mottling, LP,  LEK.

2" I.D. Schedule
40 PVC

Neat Cement

Well-head completion:
Well-casing diameter: 2"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. Hand augered 0-5'
2. Lithologic descriptions are from cuttings, rig

behavior, drillers observations and continuous
core observed in nearby borehole BGCr-2.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
10/1/2008
10/1/2008
Hollow Stem Auger
Split Spoon
47.6
8"
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Figure A-7.  Boring Log and Well-Construction Details for Well UCD1-63, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



SILT (ML), continued.

(from BGCR-2) Silty SAND (SM), light olive brown
(2.5Y, 5/4), dense, damp, ~15-20% fines, 75-80% f.
sand, LP, HEK.
At 40 ft: cuttings & rig behavior indicates fine grained,
silt lithology.
(from BGCR-2) SILT (ML), dk. brown, LEK.
(from BGCR-2) Silty SAND (SM) as above at 40-41.2
feet.
(from BGCR-2) Sandy SILT (ML), lt. olive brown (2.5Y,
5/2), hard, moist, Fe-ox stained, ~60-70% silt, 30-40%
f. sand, LP, L-MEK.
(from BGCR-2) Silty SAND (SM); olive brwn. (2.5Y,
4/4), ~65% f. sand, 35% silt fines, M-HEK, trace water
at 45.5.
(from BGCR-2) Clayey SILT (ML), grayish brown
(2.5Y, 5/2), hard, moist, trace f. sand, Fe-ox
staining/mottling, caliche nodules strong reaction with
hydrochoric acid, silt% > clay %, LP, LEK.
At 45 to 65 ft: drill cuttings, rig behavior & driller's
observations indicate primarily fine-grained silt to clayey
silt (ML) lithology with minor silty sand.
(from BGCR-2) Silty SAND (SM), olive brown (2.5Y,
4/4), dense, moist, ~65-75% f-m sand, 25-35% fines,
LP, M-HEK.
(from BGCR-2) Sand (SP), dk. grayish brown (10YR,
3/2), dense, wet, trace to 5% fines, 90% f-c sand,
5-10% f. gravel, subround-round, HEK.
At 57 ft: moisture observed on hammer/center bit.
(from BGCR-2) SILT (ML), lt. olive brown (2.5Y, 5/4),
hard, moist, trace to 10% sand; Fe-ox stains and rare
caliche veins, LP, LEK.
At 60 ft: silty SAND (SM) observed in cuttings and on
augers at the conclusion of drilling.

At 65-80ft: Drill cuttings, rig behavior, driller's
observations and material observed on auger flights at
the conclusion of drilling confirm fine grained units,
primarily SILT (ML).

Boring Terminated 14:00 10/1/08
Bottom of borehole at 80.0 feet.

Bentonite

#2-12 Sand

0.010" screen
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Figure A-7.  Boring Log and Well-Construction Details for Well UCD1-63, LEHR/SCDS, UC Davis, Davis, California



Clayey SILT (ML), 10% fine sand, dark brown (5YR
3/2), soft, dry to damp, LP, MEK.

At 5 ft: damp to moist, slightly plastic, LP, MEK.

At 10 ft:  brown (5YR 4/3), moist.

CLAY (CL), w/minor silt, gray to dark reddish gray (5YR
4/1-4/2), soft to moderately stiff, highly plastic,
moderately platy, moist, LP, LEK.

At 20 ft: moderately plastic, less platy, v. moist, LP,
LEK.

At 25 ft: brown (7.5 Y/R, 5/2), moderately stiff, low
plasticity, v. platy, moist, LP, LEK.

At 30 ft: Stop drilling temporarily due to broken
hammer.  Slight increase in silt conent (~30%?), with
rare fine gravel clasts (<1/4 diameter, subangular to
angular) and coarse sand grains, damp, LP, LEK.

4" I.D. schedule
40 PVC

Well-head completion:
Well-casing diameter: 4"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. borehole logged by cuttings and limited split

spoon sampling.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

REK
RKD
Test America
819548
Victor De Santiago
9/16/2008
9/19/2008
Air Rotary
Split Spoon
44.6
10"

Location of cored run
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Figure A-8.  Boring Log and Well-Construction Details for Well UCD2-59, LEHR/SCDS, UC Davis, Davis, California



At 35 ft: as above.

Silty CLAY  to Clayey SILT(CL-ML), trace (<10%) fine
sand, brown (7.5YR 4/2),  moderately stiff, moderately
plastic, slightly platy, moist, LP, LEK, water
encountered at 40 feet but soil not wet.

Stopped drilling at 40 feet, 9/15/08, 16:40, resume
9/17/08, 7:45.
At 45 ft:  moist, LP, LEK

At 50 ft: slight increase in silt content, moist, LP, LEK.

At 55 ft:  yellowish brownish color (10YR 5/4), moist,
LP, LEK

Silty CLAY (CL), yellowish brown (10 YR 5/4),
moderately stiff to v. stiff, moderately plastic,
moderately platy, moist, LP, LEK.

At 65 ft:  brownish gray (10 YR 6/2),  v. soft, moist to
wet, but water added to thin clays around rotor bit,
slower bit/drive shoe advance, LP?/LEK?

At 70 ft: trace (<5%) coarse sand, brownish gray (10
YR 6/2),  v. soft, v. loose, v. wet, LP?, LEK?

Silty CLAY (CL), brownish gray (10 YR 6/2), v. stiff,
moderately plastic, damp, LP, LEK.

At 80 ft: No recovery.  Brownish gray (10 YR 6/2),  soft
to moderately stiff, moderately to highly plastic, damp,
LP, LEK (from cuttings).

Gravelly CLAY (CL) to clayey GRAVEL (GL) (fine
gravel clasts, < 1/2 diameter), with trace (<10%?)
coarse sand, brownish gray (10 YR 6/2), v. loose,
saturated, MP, HEK.

At 90 ft: No recovery, too loose for split spoon.

Neat Cement

Bentonite

18/18

18/0
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Silty SAND (SM), ~60% fine sand, under confining
pressure (heaving sands), v. dark gray brown (7.5 YR
4/2), loose, saturated, HEK.

At 95 ft:  medium to coarse grained w/trace (<10%) fine
gravel (<1/2, subangular to subrounded), dark gray (7.5
YR 4/1), loose, saturated, HEK.

At 100 ft: No recovery, too loose for split spoon.

Poorly sorted sandy GRAVEL (GW),
(subagular-subrounded lithic fragments, <3 diameter
and coarse sand), dark gray (7.5 YR 4/1), loose,
saturated, HP, HEK.
Silty SAND, <60% fine sand  w/trace (<10%) corase
sand and gravel (<1"), heaving sands, loose, saturated,
HEK.
At 107 ft: Coarsens to GRAVEL (GW) (<1.5),
subangular, subrounded @ 107'.

At 110 ft: No recovery, too loose for split spoon.
At 112 ft: as above.

At 115 ft:  fine grained gravel <1/4 inch diameter,
subangular-subrounded, with small clots (<1/2) of silty
CLAY (CL) and trace (<5%) f-c sand.
Boring terminated 15:45 9/18/08

Bottom of borehole at 115.0 feet.

#2/12 sand

0.020" screen

18/0

18/0

18/0
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Clayey SILT w/fine sand (ML), 10% sand, dark brown
(5YR 3/2), soft, dry to damp, LP, MEK.

At 5 ft:  damp to moist, slightly plastic, LP, MEK.

Silty CLAY (CL) (70% clay, 30% silt), brown (754$
4/2), med. stiff, slightly plastic, damp, LP, LEK.

Silty CLAY (~50% CL) to clayey SILT (~60% silt), light
brown (7.5YR 6/4), mod. stiff, slightly plastic, damp,
LP, LEK.

At 20 ft: slight increase in plasticity.

Silty CLAY (CL), light brown (7.5 YR 6/4), mod. stiff,
mod. plastic, damp.

Clayey SILT (ML),  lt. brown (7.5 YR 6/4), soft to stiff,
slightly plastic, moist to wet, water encountered at 30
feet but not a saturated zone, LP, MEK.

4" I.D. schedule
40 PVC

Well-head completion:
Well-casing diameter: 4"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. borehole logged by cuttings and limited split

spoon sampling.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

REK
RKD
Test America
819548
Victor De Santiago
9/19/2008
9/24/2008
Air Rotary
Split Spoon
45.5
10"

Location of cored run
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Figure A-9.  Boring Log and Well-Construction Details for Well UCD2-60, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



Silty CLAY (CL), light brown (7.5 YR 6/4), soft to stiff,
mod. to v. plastic, moist, LP, LEK.

At 40 ft:  light brown (7.5 YR 6/4), mod. stiff, mod.
plastic, moist, LP, LEK.

CLAY (CL) w/minor silt (10-20% silt), light brown
(7.5YR 6/4), dense, soft, v. plastic, moist.

At 50 ft: /trace silt and fine sand (<10%), and isolated
coarse sand grains to v. fine gravel clasts (<1/8
diameter), angular to subangular, light brown (7.5 YR
6/4), LP, LEK.

At 55 ft: soft to stiff.

At 60 ft: minor silt, light brown (7.5YR 6/4), mod. stiff,
mod. plastic, slightly platy, moist, LP, LEK.

At 65 ft: trace silt, light brown (7.5YR 6/4), soft, v.
plastic, moist, LP, LEK.

Silty to fine sandy CLAY (CL), 10% sand, light brown
(7.5YR 6/4), soft to mod. stiff, slightly plastic, wet to
saturated, MP? MEK? water encountered at 70 feet.

Lean CLAY (CL) w/trace silt, light brown (7.5 YR 6/4),
v. stiff, slightly plastic, moist, LP, LEK,

At 75 ft: began injecting water to aid cuttings flow to
surface.

Silty CLAY to Clayey SILT w/trace fine to medium
grained sand (<5%?), light brown (7.5YR 6/4), soft,
moderately plastic, moist to wet, but water added, MP?,
MEK?

Lean CLAY (CL) w/trace (<5%?) medium grained sand
and v. fine gravel clasts (<1/8 diameter), subangular to
subrounded, light brown (7.5YR 6/4), v. soft, v. plastic,
moist, LP, LEK.

Silty fine SAND (SM) w/minor clay (10-20%?), dense,

Neat Cement

Bentonite

18/18

18/18

18/18
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Figure A-9.  Boring Log and Well-Construction Details for Well UCD2-60, LEHR/SCDS, UC Davis, Davis, California



wet to saturated, MP, HEK; grades to fine sandy silt,
water encountered at 90 feet.
Sandy SILT (ML) 30% sand, soft to mod. stiff, wet, MP,
MEK, dark grayish brown to dark yellowish brown (10
YR 4/3-4/6).
SAND (SP), fine grained, minor clay, flowing or heaving
sand), w/trace (<5%?) gravel clasts (1/4-1/2 diameter),
light brown, (7.5 YR 6/4), dense, super saturated, MP,
HEK, grades to (or overlies) poorly sorted sandy gravel.
GRAVEL (GW), (lithic fragments, 1/4-1 inch diameter
of subangular-subrounded metasedimentary and
metavolcanic rocks with medium to coarse grained
sand), dk. gray (7.5 YR 6/4), loose, saturated, HEK.
At 100 ft: No recovery, too loose for split spoon.
At 101 ft: poorly sorted sandy GRAVEL (GW) (fine to
coarse subangular to subrounded gravel, 1/4-1/2, and
coarse grained sand), gray (7.5YR 6/4), loose,
saturated.
At 105 ft: 1/4-2 inch diameter gravel.

At 110 ft: No recovery, too loose for split spoon.

At 111.5 ft: <2 inch diam. clasts, w/large clots of light
brown (7.5 YR 6/4), lean clay.

Lean CLAY (CL), dense, stiff moderately plastic,
w/trace (<5%?) gravel clasts (<3/4 inch diam.) and
coarse sand grains.

Boring terminated 14:40 9/23/08.
Bottom of borehole at 115.0 feet.

#2/12 sand

0.020" screen

18/0

18/0
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Figure A-9.  Boring Log and Well-Construction Details for Well UCD2-60, LEHR/SCDS, UC Davis, Davis, California



Silty gravelly SAND (SM), brown, (10YR, 5/3), medium-dense, dry, 35% f-c sand, 25% f-c gravel,
40% silt fines, LP, MEK.

At 5-14.5 ft: Drilled ahead without sampling to first sample interval.

Sandy SILT (ML), dark brown, damp, very stiff, ~65% silt fines, 25% f-c sand, 10% f gravel,
rounded, LP, LEK.

SILT (ML), light olive brown, (2.5Y, 5/4), stiff, damp to moist, trace to 5%, f. sand, grayish
mottling, trace rootholes, LP, LEK.

At 24 ft: As above with Mn-Ox specs & blotches, Fe-ox staining, trace caliche nodules & veins,
stiff, damp, LEK.

At 26.5-28 ft: As above, damp, LEK.

18/16

18/18

18/18

18/13

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2. Angled borehole 15 degrees off vertical to SW
3. Borehole was sampled using 2" diameter

California Modified and SPT samplers.
4.. Borehole was backfilled to surface with neat

cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/15/2008
9/15/2008
Hollow Stem Auger
2" Cal Mod, SPT  samplers
47.1
8"

Location of cored run
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Figure C-1.  Boring Log for Boring LFI-2, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



Sandy SILT (ML) olive brown, (2.5Y, 4/4), hard, moist, ~55% fines (silt% > clay%), 15% f-m sand,
30% caliche nodules to 3/8 diameter with mild reaction to HCL, Mn-Ox staining and mottling,
Fe-Ox staining, caliche veins and nodules, LP, LEK. (continued)

SILT (ML), yellowish brown (10YR, 5/4), hard, damp, low plasticity, fines, trace f-m sand, grayish
mottling, rootholes with black (Mn-Ox?) lining, LEK.

At 45.5-75 ft: Drilled ahead without sampling for HSU-1 grab GW sample.

Boring terminated 15:30, 9/15/08.
Bottom of borehole at 75.0 feet.

18/15

18/18
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Figure C-1.  Boring Log for Boring LFI-2, LEHR/SCDS, UC Davis, Davis, California
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1.0  INTRODUCTION 
 
Laboratory testing was conducted on thirty (30) soil samples in order to provide data that 
may be used by Weiss to evaluate the possibility that hexavalent chromium, Cr(VI), at 
the UC Davis site may be naturally occurring.   Testing was conducted by PRIMA 
Environmental, Inc.  Evaluation of the data will be conducted by Weiss Associates.  
 
The tests conducted to evaluate the natural ability of soils to oxidize Cr to Cr(VI), 
included: 
 

− DI extractable Cr and Mn 
− Exchangeable Cr 
− Easily reducible Mn 
− Available Cr(III) and Mn in soil 
− Standard Cr oxidation tests 

 
The specific tests conducted to achieve these objectives are described in Section 2.0 and   
results are presented in Section 3.0.  Interpretation of the data is the responsibility of 
Weiss Associates. 
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2.0  MATERIALS  and METHODS 
 

2.1  Materials 
 
Nitric acid (HNO3) – Baker Instra-analyzed® Reagent for trace metals analysis (69-
70%) – J.T. Baker. 
 
Potassium dihydrogen phosphate, monobasic (KH2PO4) – F.C.C. (98%) – Spectrum. 
 
Potassium phosphate, dibasic (K2HPO4) – F.C.C. (99%) – J.T. Baker. 
 
Ammonium acetate (CH3CO2NH4) – A.C.S. (99.9%) – EMD. 
 
Hydroquinone (1,4-(HO)2C6H4) – (99.95%) – J.T. Baker. 
 
Sodium citrate (C6H8Na2O8) – (99%) – Alfa Aesar. 
 
Chromium chloride (CrCl3) – Fisher Scientific. 
 
 
2.2.  Soil Preparation 
 
Thirty soil samples (one set with ID: SSHS–CR 2, and a second set with ID: SSBG–CR 
2, collected from depths ranging from 2-85 feet and 2-95 feet, respectively) were 
received on October 16, 2008.  Two samples—SSHS-CR-2-53 dup, and SSBG-CR-2-
50—were replaced with new samples—SSHS-CR–2-2, and SSBG–CR–2-2—on October 
27, 2008 as requested by Weiss Associates.  Most soil samples were solid cores that 
appeared to have high clay content and were non-friable.  Because the efficiency of the 
various tests may depend upon surface area, each sample was broken up, sieved to 
remove large rocks, if necessary and homogenized using a food processor in order to 
obtain particles less than about 2 mm.   
 
Sixteen of the homogenized soils (depths 2, 10, 25.5, 30, 45, 58, 69.9, and 77 foot depths 
from the SSHS-CR-2 group, and depths 2, 9, 25, 37, 40, 57, 65, and 75 from the SSBG-
CR-2 group) were analyzed for: 
 

− Chromium (Cr) 
− Manganese (Mn) 

 
All of the samples were subjected to the tests described in Sections 2.3-2.7. 
 
2.3.  DI Extractable Cr and Mn  
 
For each soil, the amount of Cr that can be leached by deionized (DI) water was 
determined as follows: 
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1. Place 7.5±0.2 g soil in a 250 mL poly bottle. 
2. Add 150 mL DI water to 7.5±0.2 g soil.   
3. Mix on shaker table for 16-24 hours. 
4. Centrifuge. 
5. Filter through 0.45 μm filter. 
6. Preserve filtrate with HNO3, then analyze for total chromium and manganese. 

 
2.4.  Exchangeable Cr 
 
This method is based on the procedures described by Asikainen and Nikolaidis (J.M. 
Asikainen, N.P. Nikolaidis.  Spring 1994. “Sequential Extraction of Chromium form 
Contaminated Aquifer Sediments” GWMR, 185-191.).  
 
For each soil, the amount of Cr that can be exchanged by phosphate was determined as 
follows: 
 

1. Place 7.5±0.2 g soil in a 250 mL poly bottle. 
2. Add 150 mL 0.1 M KH2PO4/K2HPO4 (1/1) solution at pH 7.2.   
3. Mix on shaker table for 16-24 hours. 
4. Centrifuge. 
5. Filter through 0.45 μm filter. 
6. Preserve filtrate with HNO3, then analyze for total chromium. 

. 
2.5.  Easily Reducible Manganese 
 
This method is based on the procedure described in A.L. Page, R.H. Miller, D.R. Keeney 
(eds.) Methods of Soil Analysis Part 2—Chemical and Microbiological Properties, 2nd 
ed., (American Society of Agronomy, Inc.:  Madison) 1982, p. 319.      
 
For each soil, the amount of Mn in soil that can be easily reduced to water-soluble Mn 
was determined as follows: 
 

1. Place 15 ± 0.2 g soil in a 250 mL poly bottle. 
2. Add 150 mL ammonium acetate-hydroquinone solution (1N NH4OAc, 0.2% 

hydroquinone).   
3. Mix on shaker table for 30 minutes, then intermittently for 6 hours. 
4. Centrifuge. 
5. Filter through 0.45 μm filter. 
6. Preserve filtrate with HNO3 then analyze for total manganese. 
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2.6.  Available Cr(III) and Mn in Soil 
 
This method is based on the procedures described by Bartlett (R.J. Bartlett.  1991. 
“Chromium Cycling in Soils and Water:  Links, Gaps and Methods,” Environmental 
Health Perspectives, 92, 17-24.).  
 
For each soil, the amount of Cr(III) and possibly Mn in soil that can be leached by low 
concentrations of organic chelating substances will be determined as follows: 
 

1. Place 3 ± 0.1 g soil in a 250 mL poly bottle. 
2. Add 150 mL 10 mM sodium citrate (Na2H-citrate).   
3. Mix on shaker table for 18 hours. 
4. Centrifuge. 
5. Filter through 0.45 μm filter. 
6. Preserve filtrate with HNO3, then analyze for total chromium and manganese. 

 
2.7  Standard Chromium Oxidation Test 
 
This method is based on the procedures described by Bartlett (R.J. Bartlett.  1991. 
“Chromium Cycling in Soils and Water:  Links, Gaps and Methods,” Environmental 
Health Perspectives, 92, 17-24).  
 
For each soil, the amount of Cr(III) that can be oxidized by soil was estimated as follows: 
 

1. Place 15 ± 0.2 g soil in a 250 mL poly bottle. 
2. Add 150 mL 1 mM chromium chloride (CrCl3).   
3. Mix on shaker table for 15 minutes. 
4. Add 1.5 mL pH 7.2 phosphate buffer (10 mM KH2PO4/K2HPO4) 
5. Shake by hand for 15 seconds. 
6. Centrifuge. 
7. Filter through 0.45 μm filter. 
8. Preserve filtrate with HNO3, then analyze for Cr(VI) via Hach spectrophotometer.   

 
2.8  Follow-up Tests 
 
Because Exchangeable Cr was detected in site soil samples previously conducted by Chung 
et al. (Chung, J., Burau, R.G., and Zasoski, R.J., 2001. “Chromate generation by chromate 
depleted subsurface materials. Water, Air, and Soil Pollution 128: 407-417), additional 
Exchangeable Cr and also Available Cr tests were preformed on selected soil at a similar soil 
to extractant ration as presented in Chung et al. The methods were as described in Sections 
2.4 and 2.6, except as follows: 

− 100 g soil and 100 mL phosphate buffer were used for the Exchangeable Cr tests. 
− 15 g soil and 150 mL of citrate solution were used for the Available Cr tests. 



 

3.0  RESULTS    
 

3.1 Analysis of Total Cr and Mn in Untreated Soil  
 
Results from analysis of total chromium and total manganese in untreated soil are 
summarized in Table 1. 
 
 

Table 1.  Total Cr and Mn in Untreated Soil  

 

Soil Sample Units Total Cr Total Mn

SSHS‐CR‐2‐2 mg/kg 150 550
SSHS‐CR‐2‐10 mg/kg 130 580
SSHS‐CR‐2‐25.5 mg/kg 72 560
SSHS‐CR‐2‐30 mg/kg 94 720
SSHS‐CR‐2‐45 mg/kg 100 510
SSHS‐CR‐2‐58 mg/kg 99 410
SSHS‐CR‐2‐69.5 mg/kg 84 510
SSHS‐CR‐2‐77 mg/kg 170 670
SSBG‐CR‐2‐2 mg/kg 140 580
SSBG‐CR‐2‐9 mg/kg 130 560
SSBG‐CR‐2‐25 mg/kg 98 570
SSBG‐CR‐2‐37 mg/kg 120 520
SSBG‐CR‐2‐40 mg/kg 95 410
SSBG‐CR‐2‐57 mg/kg 250 540
SSBG‐CR‐2‐65 mg/kg 120 590
SSBG‐CR‐2‐75 mg/kg 91 570

 
 
3.2  Summary Chromium Tests 
 
3.2.1  Initial Results 
 
The result of the DI Extractable Cr, Exchangeable Cr, Available Cr(III), and Oxidation of 
Cr(III) tests are show in Table 2.  The table includes the aqueous concentrations of Cr or 
Cr(VI) as well as the concentrations relative to the amount of soil used.  Low levels of 
chromium were observed in the process controls for the DI extraction, exchangeable Cr, 
and available Cr, but they do not affect interpretation of the data because the 
concentrations in the process controls can be subtracted out and because the primary goal 
of the testing is to assess differences between the hotspot soil (the SSHS samples) and the 
background soil (SSBG samples).  The controls are discussed in more detail in Section 
3.2.2. 
 
The aqueous concentrations of chromium in the DI extraction test were low.  Except for 
SSBG-CR-37 dup (see Section 3.2.2 for discussion), the concentrations of dissolved  

PRIMA Environmental, Inc.  REVISED - Cr(VI) Extraction 
July 16, 2009 5 Weiss - UCD 



 

 
 

Table 2.  Chromium Results DI Extractable, Exchangeable, and Available Cr. 

 
Notes: 

Soil Sample DI Extractable Cr  Exchangeable  Cr  Available  Cr(III)
Oxidation of Cr(III) to 

Cr(VI)
mg/L mg/kg mg/L mg/kg mg/L mg/kg mg/L mg/kg

Process Control(1) 0.0053 n.a. 0.0210 n.a. 0.0110 n.a. 0.030 n.a.

Process Control(2) < 0.0050 n.a. 0.0084 n.a. 0.0028 J n.a. n.m. n.m.
SSHS‐CR‐2‐2 0.0059 0.12 0.0064 0.13 0.0096 0.48 0.83 8.3
SSHS‐CR‐2‐5 < 0.0050 < 0.10 < 0.0050 < 0.10 0.0230 1.2 0.96 9.6
SSHS‐CR‐2‐10 0.0053 0.11 < 0.0050 < 0.10 0.047 2.4 0.86 8.6
SSHS‐CR‐2‐17 0.0060 0.12 < 0.0050 < 0.10 0.015 0.75 1.3 13
SSHS‐CR‐2‐25.5 0.0077 0.15 < 0.0050 < 0.10 0.013 0.65 0.97 9.7
SSHS‐CR‐2‐27 0.0100 0.20 < 0.0050 < 0.10 0.012 0.60 0.67 6.7
SSHS‐CR‐2‐30 0.0084 0.17 < 0.0050 < 0.10 0.015 0.75 0.75 7.5
SSHS‐CR‐2‐39 0.0066 0.13 < 0.0050 < 0.10 0.016 0.80 0.71 7.1
SSHS‐CR‐2‐45 0.0120 0.24 < 0.0050 < 0.10 0.044 2.2 0.32 3.2
SSHS‐CR‐2‐53 0.0073 0.15 < 0.0050 < 0.10 0.020 1.0 0.24 2.4
SSHS‐CR‐2‐58 0.0071 0.14 < 0.0050 < 0.10 0.017 0.85 0.039 0.39
SSHS‐CR‐2‐63 0.0074 0.15 < 0.0050 < 0.10 0.041 2.1 0.59 5.9
SSHS‐CR‐2‐69.5 0.0081 0.16 < 0.0050 < 0.10 0.024 1.2 0.48 4.8
SSHS‐CR‐2‐77 0.0081 0.16 0.0054 0.11 0.033 1.7 0.30 3.0
SSHS‐CR‐2‐83 0.0069 0.14 0.0054 0.11 0.021 1.1 0.071 0.71

Process Control(3) 0.0053 n.a. 0.0210 n.a. 0.011 n.a. 0.018 n.a.
SSBG‐CR‐2‐2 0.0071 0.14 < 0.0050 < 0.10 0.014 0.70 1.0 10
SSBG‐CR‐2‐5 0.0089 0.18 < 0.0050 < 0.10 0.017 0.85 0.97 9.7
SSBG‐CR‐2‐9 0.0081 0.16 < 0.0050 < 0.10 0.016 0.80 0.51 5.1
SSBG‐CR‐2‐13 0.0064 0.13 0.0056 0.11 0.0089 0.45 1.3 13
SSBG‐CR‐2‐25 0.0100 0.20 < 0.0050 < 0.10 0.013 0.65 0.58 5.8
SSBG‐CR‐2‐37DUP 0.0490 0.98 < 0.0050 < 0.10 0.011 0.55 0.60 6.0
SSBG‐CR‐2‐37 0.0053 0.11 < 0.0050 < 0.10 0.010 0.50 0.77 7.7
SSBG‐CR‐2‐40 < 0.0050 < 0.10 < 0.0050 < 0.10 0.016 0.80 0.28 2.8
SSBG‐CR‐2‐46 0.0056 0.11 < 0.0050 < 0.10 0.023 1.2 0.22 2.2
SSBG‐CR‐2‐57 0.0061 0.12 0.011 0.22 0.024 1.2 0.29 2.9
SSBG‐CR‐2‐63 0.0056 0.11 < 0.0050 < 0.10 0.014 0.70 0.74 7.4
SSBG‐CR‐2‐65 0.0058 0.12 < 0.0050 < 0.10 0.013 0.65 0.62 6.2
SSBG‐CR‐2‐75 < 0.0050 < 0.1 < 0.0050 < 0.10 0.008 0.41 0.46 4.6
SSBG‐CR‐2‐87 0.0071 0.14 0.0076 0.15 0.018 0.90 0.25 2.5
SSBG‐CR‐2‐95 < 0.0050 < 0.1 0.021 0.42 0.011 0.55 0.25 2.5

− SSHS soils were collected from the “hotspot” 
− “SSBG” samples are background soils. 
− The last number in the sample ID is the depth below ground surface 
− “J” indicates that the value is estimated. 
− (1) An aliquot of each process control was collected and analyzed immediately after the extraction process.  The remaining 

extraction fluid was stored unpreserved in the poly extraction bottle. 
− (2) The remaining extraction fluid (see Note 1) was analyzed after being stored unpreserved for about three months. 
− (3) One process control was run for all soils for the DI-Extractable Cr, Exchangeable Cr, and Available Cr(III).  For 

Oxidation of Cr(III), one process control was run for the SSHS soils and one for the SSBG soils. 
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chromium were less than 0.005 mg/L (< 0.1 mg/kg) to 0.012 mg/L (0.24 mg/kg).  
Concentrations were slightly different in the hotspot soil (SSHS samples) compared to 
the background soil (SSBG samples).  Specifically, the amount of DI-extractable Cr was 
slightly higher in the shallower (2-25 feet) background soil compared to the hotspot soil, 
but was slightly lower in the deeper (37 to 95 feet) background soils compared to the 
hotspot soils.  At all similar depths, the difference between the two soils is small 
[typically 0.001 to 0.003 mg/L (0.02-0.06 mg/kg)], but because the difference is 
consistently higher or lower for a given depth range, it is likely that it represents a real 
difference between the soils.   
 
Dissolved chromium was not detected above 0.005 mg/L in most of the Exchangeable Cr 
samples.  This implies that soils did not contain significant leachable Cr(VI) since the 
phosphate anion in the extraction fluid displaces chromate anions in soil.  (Phosphate 
buffer is also the extraction fluid used for measurement of Cr(VI) in soil, but the 
extraction conditions are more vigorous than those used in this study.)  Furthermore, 
because Cr was present in the process control (see below for further discussion), lack of 
Cr in the extraction fluid implies that chromium sorbed to the soils 
 
The concentration of dissolved chromium in the Available Cr tests ranged from 0.0096 
mg/L (0.48 mg/kg) to 0.047 mg/L (2.4 mg/kg).  This indicates that the soils contain 
weakly bound chromium.  This chromium is not Cr(VI) since it was not leached in the 
exchangeable Cr test.  Rather, it is probably Cr(III) that is binds more strongly to the 
chelating agent of the extraction fluid than to the minerals of the soil.  (The extraction 
fluid for this test is citrate, a chelating agent that can solubilize metals.)  Chromium 
concentrations were consistently higher in the hotspot soils than in the background soil, 
implying that the hotspot soil contains more weakly bound chromium than the 
background soil.   
 
Both soils were able to oxidize a significant amount of Cr(III) to Cr(VI).  The 
concentration of Cr(VI) in the samples ranged from 0.039 mg/L (0.39 mg/kg) to 1.3 mg/L 
(13 mg/kg), though there was no obvious trend with depth or difference between the 
hotspot and background soils.  The presence of Cr(VI) in the process control is 
reasonable since a small amount of Cr(VI) could be present in chromium (III) chloride 
used to prepare the reagent. 
 
3.2.2  Confirmation Testing 
 
Additional tests were conducted to assess the presence of chromium in the process 
controls, investigate the variability of the SSBG-CR-2-37 and SSBG-CR-2-37dup DI 
extraction results, and confirm variability in the Available Cr measurement for selected 
soils . 
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3.2.2.1  Controls   
 
As discussed above, chromium was detected in the process controls.  The presence of 
chromium was confirmed in several ways.  First, analysis of exchangeable Cr and 
available Cr extractions fluids that had been stored unpreserved in glass for over one 
month showed that these extraction fluids contained 0.012 mg/L Cr and approximately 
0.0041 mg/L Cr, respectively.  Second, re-analysis of the an aliquot of the original 
process controls that had been stored unpreserved in the original poly extraction bottles 
for three months found 0.0084 mg/L Cr in the Exchangeable Cr extraction fluid, 
approximately 0.0028 mg/L in the Available Cr extraction fluid, and < 0.005 mg/L in the 
DI Extractable Cr fluid.  Although all of these values are lower than the originally 
measured values, they confirm that Cr is present in the Exchangeable Cr and Available 
Cr extraction fluids.  Cr was probably also present in the original DI extraction fluid, but 
because the concentration was so low, no Cr was detected in subsequent samples.  
Finally, fresh extractions fluids were prepared and analyzed approximately 3 months after 
the original fluids.  Neither DI water nor the Available Cr extraction fluid contained Cr 
above the reporting limit of 0.005 mg/L or an estimated value above 0.0025 mg/L.  The 
Exchangeable Cr fluid contained 0.0064 mg/L Cr.  The presence of Cr in this sample 
supports the presence of Cr in the original extraction fluid.  The reason for the lower 
value is unknown.   
 
Because there is no reason to suspect that any of the Cr results in the process controls (or 
soil extracts) are incorrect, both sets of process control data are reported in Table 2.  The 
results from the extraction fluids stored in glass are not included since they could be low 
due to sorption of Cr onto the glass.  (PRIMA discussed the results extensively with 
Alpha Analytical, Inc, the California- and NELAC-certified laboratory who performed 
the chromium analyses and with whom PRIMA has worked for over 10 years.  Alpha 
reviewed the data, but found no analytical irregularities and stands by its results.)   
 
3.2.2.2  DI Extractable Cr—SSBG-CR-2-37 and SSBG-CR-37Dup 
 
Because the SSBG-CR-37Dup DI Extractable Cr was much higher than all other results 
and was no similar to the SSBG-CR-2-37 sample, both soils were re-extracted twice.  The 
results are:  < 0.005 mg/L Cr for both extractions of SSBG-CR-37, and 0.0057 mg/L and 
< 0.0050 mg/L for the two SSBG-CR-37Dup extractions.  These values are more 
consistent with other DI Extractable Cr results.  However, soils are naturally 
heterogeneous and the high Cr value in the original SSBG-CR-37Dup extraction should 
not necessarily be discarded. 

 
3.2.2.3  Available Cr—SSHS-CR-2-2 and SSHS-CR-2-10 
 
Because the concentration of Cr in the Available Cr tests was often near the concentration 
seen in the process control, two sample—SSHS-CR-2-2 and SSHS-CR-2-10— were re-
extracted to determine if they were in fact different from each other.   SSHS-CR-2-2 was 
found to contain approximately 0.0073 mg/L Cr, while SSHS-CR-2-10 contained 0.028 
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mg/L Cr (Cr was not detected above 0.0050 mg/L in the process control).  These values 
are similar to the original values reported in Table 2 and confirm that these two soils are 
different from each other. 
 
3.3  Summary of Manganese Tests 
 
The results of the DI Extractable Mn, Easily Reducible Mn and Available Mn are shown 
in Table 3.   
 
The aqueous concentrations of manganese in the DI extraction test were low.  Except for 
SSBG-CR-37 dup, the concentrations of dissolved manganese ranged from less than 
0.0050 mg/L (< 0.1 mg/kg) to 0.0083 mg/L (0.17 mg/kg).  There was no obvious 
difference between the hotspot and background soils.  Sample SSBG-CR-2-37Dup 
contained 0.095 mg/L (1.90 mg/kg) DI-extractable Mn.  Because this value was higher 
than all of the other samples, the extraction was repeated twice.  The results were 0.0082 
mg/L (0.0164 mg/kg) and < 0.0050 mg/L (< 0.1 mg/kg) manganese, which are consistent 
with other soils and with the SSBG-CR-2-37.  However, soils are naturally heterogeneous 
and the high Mn value in the original SSBG-CR-37Dup extraction should not necessarily 
be discarded. 
 
The amount of Easily Reducible Manganese ranged from 5.5 mg/L (55 mg/kg) to 49 
mg/L (490 mg/kg), with no clear difference between hotspot and background soils.  
However, the presence of easily reducible manganese implies that soils contain 
manganese dioxides, which are known to be able to oxidize Cr to Cr(VI).  
 
The concentration of Available Manganese ranged from 0.46 mg/L (23 mg/kg) to 7.9 
mg/L (400 mg/kg).    This indicates that the soils contain manganese that is weakly bound 
to the soil and that can easily be solubilized by a chelating agent.  Overall, hotspot soil 
contained higher amounts of available manganese than background soil, especially in the 
shallower depths.     
 
3.4  Follow-Up Tests 
 
The results of follow-up Exchangeable Cr and Available Cr tests are shown in Table 4.   
 
A small amount of Cr (0.0086 to 0.011 mg/L) was consistently observed in the six 
Exchangeable Cr process controls confirming that it is present in the phosphate extraction 
solution.  However, the Cr concentrations detected in some extracts of hot spot soils 
(SSHS samples) were greater than in the process controls indicating that some hot spot 
soils contain Cr that can be displaced by phosphate.  In contrast, Cr concentrations in 
extracts of background soils were lower than in the process controls, indicating that these 
soils can sorb Cr. 
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Table 3.  Manganese Results.   

 
Notes: 

Soil Sample DI Extractable Mn Easily Reducible Mn  Available Mn 
mg/L mg/kg mg/L mg/kg mg/L mg/kg

Process Control < 0.0050 n.a. < 0.010 n.a. < 0.0050 n.a.
SSHS‐CR‐2‐2 0.0080 0.16 24 240 3.6 180
SSHS‐CR‐2‐5 < 0.0050 < 0.10 25 250 5.5 280
SSHS‐CR‐2‐10 0.0056 0.11 15 150 6.7 340
SSHS‐CR‐2‐17 < 0.0050 < 0.10 24 240 5.2 260
SSHS‐CR‐25.5 < 0.0050 < 0.10 29 290 6.3 320
SSHS‐CR‐2‐27 0.0056 0.11 37 370 4.9 250
SSHS‐CR‐2‐30 < 0.0050 < 0.10 29 290 6.1 310
SSHS‐CR‐2‐39 < 0.0050 < 0.10 49 490 7.9 400
SSHS‐CR‐2‐45 < 0.0050 < 0.10 13 130 3.2 160
SSHS‐CR‐2‐53 < 0.0050 < 0.10 14 140 3.1 160
SSHS‐CR‐2‐58 < 0.0050 < 0.10 5.5 55 1.9 95
SSHS‐CR‐2‐63 < 0.0050 < 0.10 26 260 4.8 240
SSHS‐CR‐2‐69.5 < 0.0050 < 0.10 25 250 3.9 200
SSHS‐CR‐2‐77 < 0.0050 < 0.10 15 150 2.5 130
SSHS‐CR‐2‐83 < 0.0050 < 0.10 11 110 1.3 65

SSBG‐CR‐2‐2 0.0074 0.15 29 290 3.5 180
SSBG‐CR‐2‐5 0.0083 0.17 26 260 4.6 230
SSBG‐CR‐2‐9 < 0.0050 < 0.10 11 110 0.87 44
SSBG‐CR‐2‐13 < 0.0050 < 0.10 30 300 4.0 200
SSBG‐CR‐2‐25 0.0062 0.12 20 200 0.46 23
SSBG‐CR‐2‐37DUP 0.0950 1.90 34 340 5.3 270
SSBG‐CR‐2‐37 < 0.0050 < 0.10 32 320 4.7 240
SSBG‐CR‐2‐40 < 0.0050 < 0.10 12 120 1.6 80
SSBG‐CR‐2‐46 < 0.0050 < 0.10 13 130 1.7 85
SSBG‐CR‐2‐57 < 0.0050 < 0.10 25 250 4.1 210
SSBG‐CR‐2‐63 < 0.0050 < 0.10 40 400 3.1 160
SSBG‐CR‐2‐65 < 0.0050 < 0.10 29 290 5.4 270
SSBG‐CR‐2‐75 < 0.0050 < 0.10 24 240 3.4 170
SSBG‐CR‐2‐87 < 0.0050 < 0.10 16 160 1.1 55
SSBG‐CR‐2‐95 < 0.0050 < 0.10 13 130 1.1 55

− SSHS soils were collected from the “hotspot” 
− “SSBG” samples are background soils. 
− The last number in the sample ID is the depth below ground surface 
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No Cr was detected in process controls of the Available Cr tests.  However, Cr was 
detected in most extracts, indicating that both hotspot and background soils contain Cr 
that can be complexed (and thereby mobilized) by citrate. 
 
 

Table 4.  Follow-up Exchangeable Cr and Available Cr Tests. 

 

Soil Sample Exchangeable  Cr  Available  Cr(III)
mg/L mg/kg mg/L mg/kg

Follow‐up Set 1
Process Control 1 0.013 n.a. < 0.0050 n.a.
Process Control 2 0.012 n.a. < 0.0050 n.a.
Process Control 3 0.010 n.a. < 0.0050 n.a.
SSHS‐CR‐2‐10 n.m. n.m. 0.012 0.12
SSHS‐CR‐2‐17 0.056 0.0560 n.m. n.m.
SSHS‐CR‐2‐69.5 n.m. n.m. 0.025 0.25
SSHS‐CR‐2‐77 0.033 0.0330 n.m. n.m.
SSBG‐CR‐2‐13 0.0066 0.0066 n.m. n.m.
SSBG‐CR‐2‐25 n.m. n.m. 0.0069 0.07
SSBG‐CR‐2‐57 n.m. n.m. 0.021 0.21
SSBG‐CR‐2‐95 <0.0050 < 0.005 n.m. n.m.

Follow‐up Set 2
Process Control 1 0.0093 n.a. n.m. n.m.
Process Control 2 0.0086 n.a. n.m. n.m.
Process Control 3 0.011 n.a. n.m. n.m.
SSHS‐CR‐2‐5 0.029 0.029 n.m. n.m.
SSHS‐CR‐2‐27 0.013 0.013 n.m. n.m.
SSHS‐CR‐2‐45 0.0057 0.0057 n.m. n.m.

SSBG‐CR‐2‐5 0.0055 0.0055 n.m. n.m.
SSBG‐CR‐2‐46 0.011 0.011 n.m. n.m.
SSBG‐CR‐2‐75 0.028 0.028 n.m. n.m.
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4.0  CONCLUSIONS 
 
Background soil and hotspot soils were similar with respect to most of the parameters 
measured, but showed differences in others.  The amount of Exchangeable Cr, DI-
Extractable Mn, Easily Reducible Mn, and ability to oxidize Cr(III) to Cr(VI) were 
similar between the soils in the initial tests.  In follow-up tests, which used larger 
amounts of soil and a lower soil to liquid ratio to ensure measurable amounts of Cr, 
hotspot soils contained more Exchangeable Cr than background soils.  The amount of DI-
Extractable Cr seemed slightly higher for shallow background soils and slightly higher 
for deeper hotspot soils, though the differences were small in all cases.  Hotspot soil 
contained more Available Cr than the background soil, especially at deeper depths.  This 
implies that the hotspot soil contains more mobile Cr.  Finally, the hotspot soil contained 
more Available Mn than the background soil, but there was no clear trend with depth.  
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I 

I ¢/l.( 

Chain of Custody Record	 Iplease send analytic results, EDD, EDF, and the original INSTRUCTIONS FOR LAB PERSONNEL:
 

chain-of-custody form to: GeoTracker EDF required? 00 Yes 0 No
 IIUI E~~~~~=~~~~.~~~~~~Anja Verce (av@Weiss.com)	 Include Jaboralory QAlQC data with report. 
500'1 ChrEitie A\l'enue. Suite 500. Emer-ol'·Y.H~.CA. 94C08Prima Environmental	 Specify analytic/prep method and detection limit in report. Phon..,510-450·-6OOQ Fall.: 5lO-5-1-7-5o-lG 

~.t'~·"(""."$:A"-"",'e""'·"·"!<t<U<;.-'c'f~, t\.il:<I5070 Robert J. Mathews Parkway, Suite 300	 Notify ill; of any anomalous peaks in GC or other scans. 

EI Dorado Hills, CA 95762 Project ill: 388-1856-1-32a Call immediately with any questions or problems. 

phone: (916) 939-7300 Protocol No . 

Client Contact Project Manager: Bob Devany COC Number: UCDSampled by: R.t/> 1l!...f2t­ Date: It) -if, -tJ~ 
Weiss Associates Tel: 510-450-6144 Carrier: Page__I_ of__4_Lab Contactc~ \'vI. 5.- hyC, ( " ; 
5801 Christie Avenue, Suite 600 Analysis Turnaround Time Job No, 

Emeryville, CA 94608 Calendar ( C ) or Work Days (W) --­

c(510) 450-6000 Phone TAT if different from Below -- ­ .~Il SDGNo.(510) 547-5043 FAX 2 weeks "ii 
f-< ~ 0 I week c c 

0c .~Job Name: UCDavis D 2 days .~li! :'2 
:c
~ ..:Address: One Shields Ave, Davis 0 1 day g 0 

c'u u u :g ~ 

.g 
~ 

'1 
~c::. c~ 

"0Sample Sample '"~ v~ 
< 

:;} "" 
is ~# ofConLSample Date Time TypeSample Identification Matrix Sample Specific Notes: ~~ ~ 

X X X X X~ I b....<-\s,,';lSSHSCR-2-k ,6 -I,,-~ 1'1,' '"IS" 
,
 ~
 

X X X X X 

X 

ISSHSCR-2-5 

X X X XSSHSCR-2-!O
 

SSHSCR-2-17
 X X X X X 

X X X X XSSHSCR-2-2.S .s 
X X X X XSSHSCR-2-27 

X X X X X. SSHSCR-2- 3c 
X X X X XSSHSCR-2-39 , V X X X XX,VSSHSCR-2- 'iS­ ~ 

Preservation Used: 1= Ice, 2= HCI; 3= H2S04; 4=HN03; 5=NaOH; 6= Other 1 1 1 11 
Possible Hazard Identification Sample Disposal ( A fee may be assessed ijsamples are relained longer Ihan I month) 

Non-Hazard Flammable Skin Irritant Poison B Unknown Return To Client Disposal By Lab Archive For Months 

Special Instructions/OC Requirements & Comments: 

f /J 
Daterrime: n~yS' Received by: Daterrime:Company:R~sh~d7.~~ .if: c~SJA~'Clc..( Ih~u" Y7' II,.. "T • 'It!?, fi~ /0 {~ -il:"Relinquished by: '/ DatefTime: Received by: Company: Daterrime:Company:

~(J 
Relinquished by: Company: Daterrime: company: Date7me: J .R::~es/ l_ \J)vL l1-ttt If) lit: o'i- r:f'~5 

-



---

,I i 
I Chain of Custody Record Iplease send analytic results, EDD, EDF, and lhe original 

chain-of-custody fOlm to: 

Anja Verce (av@weiss.com) 

INSTRUCTIONS FOR LAB PERSONNEL: 

GeoTracker EDF required? [K] Yes 0 

Include laboratory QAlQC data Wilh report. 

No IALI Weiss Associates r ~ E,"b·~~n.~... ,.aI~lC"', .'f~'W;;';l·.lnoT.::m~M'Af\llI.!,~''1>.:::.'':t.:;:~~ 
Prima Environmental Specify analytic/prep method and defection limit In report. 

SBO'l Ch'tisbe AV1?Jnue. Suita eoo.. Eme-ry·.. ill:B. CA. 94=e08 
Phone: 510-4:50·00DO Fa.)!,: 510-5-47 -5(}L13 

5070 Robert J. Mathews Parkway, Suite 300 Notify us of any anomalous peaks in GC or other scans. '::',;~·.":"''f'*,"1'»~IIf~·'" ~n:-...v;$'<:"~"'""",l:J.M 

E1 Dorado Hills, CA 95762 Project ill: 388-1856-1-32a Call immediaLely \vith any quesUons or problems. 

phone: (916) 939-7300 Protocol No . 

Client Contact Project Manager: Bob Devany COC Number: UCD
 
Weiss Associates
 

Sampled by: 12.DIt- /72EJL Date: /~ _(~ -.:'.it 
Tel: 510-450-6144 Lab Contact Carrier: Page 2 of 4", ~h.l"E 1('; ­

580 I Christie Avenue, Suite 600 
:- """ 

Analysis Turnaround Time Job No. 

Emeryville, CA 94608 Calendar ( C ) or Work Days (W) --­

c(510) 450-6000 Phone TAT ifdifTerenl from Below 

Il SDGNo.(510) 547-5043 FAX 2 weeks 
f-< '10 I week 
~ 

c 
.~IlJob Name: UCDavis 2 days :.: 

c 

:2 ~ 
~Address: One Shields Ave, Davis ..::0 I day 0 

u ~2~ u= ~"ll ~ 

'1 
O'lr>: c~ ~Sample Sample 

.~ '" "5"" ~] ># of Co lit.Sample Date Time TypeSample Identification Matrix Sample Specific Notes: ..: on S ~"' 
X X X X XSSHSCR-2-53 {~-l ,-(){§ ,,<>~N:q..J rhtl-.~ 

t-1 X X X X XSSHSCR-2- S.:, pl.Jp 

X X X X XSSHSCR-2-63 

X X X X XSSHSCR-2- ~'i. S" 

X X X X XSSHSCR-2-71 

\1 X X X X X\Ir,SSHSCR-2-83 ,V'V 

Preservation Used: 1= Ice, 2= HCI; 3= H2S04; 4~HN03; 5=NaOH; 6= Other 1 1 1 1 1 
Possible Hazard Identification Sample Disposal ( AJee //lay be assessed ifsa/llples are retained longer /ltall I //lOll/it) 

Non-Hazard Flammahle Skin Irritant PO/son B Unknown Rerum To Client Disposai By Lah Archive For Months 

Special Instructions/QC Requirements & Comments: 

company: Date/Time: Received by: Company: Daterrime:
~hed'~ ~ J£l t1/I Wt:D:soA. .]V1Jc rlklnr, I ,'ltL!)"! ~ ~ f(J -//.-d~ f7,.~ 
Relinquished by: Company: Date/Time: Received by: Company: Daterrime:'/ ~t ( ) 
Relinq uished by: Company: Daterrime: ~iVed byk''---' l /a~~7Jel//66 Il¥5C7'lLl~1~J,... "-:>',/ 



---

31 
I Chain of Custody Record Iplease send analytic results, EDD, EDF, and the original 

chain-or-custody [onn to: 

Anja Verce (av@weiss.eom) 

INSTRUCTIONS FOR LAB PERSONNEL: 

GeoTracker EDF required? [&] Yes 0 No 

Include laboratory QNQC data with report. 

IAA Weiss Associates
I""" ~ .f:'1l't,,'>'.";;;~r.tf'"..-.'l>l',j:IJ5'c~}1~ o':"'-:-?iffi\IO.v.l."r.- ~?-4r.NO.'\<.·t.i)'1J'fa.""¥:r ::-'o~¥0~'3 

Prima Environmental Specify analy1ic/prep method and detection limit in report. 
5001 Cht!is~ie AV€>nue:. Suite 600. Emer~"... i1te.. GA 94608 

Phone-: 5l0-450·-6D<lO F.ool: 510 ~o"H ··50<13 
5070 Robert J. Mathews Parkway, Suite 300 Notify us of any unomnious peaks in GC or other scans. ~~;;-":''""''''~'~lI:: ......,.,;..r<,".. j,~,<-..."".~.f-I.::tJA" 

EI Dorado Hills, CA 95762 Project ill: 388-1856-1-32a Call immediately \\~th any questions or problems. 

phone (916) 939-7300 Protocol No 

COC Number: UCDClient Contact Project Manager: Bob Devany Date: I", -It. -<:)"c~Sampled by: 'K!<~/ Ita 
Tel: 510-450-6144 Carrier:Weiss Associates Page 3 of 4C~t·~\'rt 'wi-Lab ContactCII,'J. 

J5801 Christie Avenue, Suite 600 Job No.Analysis Turnaround Time 

Emeryville, CA 94608 Calendar ( C ) or Work Days (W) --­

c(510) 450-6000 Phone TAT if different from Below 

~ SDGNo.(510) 547-5043 FAX 2 weeks '1~ CJ 1 week 
c,§

c ..Job Name: UC Davis CJ 2 days .~ 
.~ 

] 
~ ..::Address: One Shields Ave, Davis LJ 1 day 

::;: 
'" 
0 

u 
~ cu ~ .~ g;,'" ~ :0 

~ 

] 
c~ 

Sample Sample .; -e 
~ 

~ "' ># ofCont.Sample Date Time Type Sample Specific Notes: Sample Identification Matrix ,n c: 
~ 

'" 
~ 

X X XSSBGCR-2-?> lV'-J'P 1'1.''-(S/D -t'-18 S:,.~\ \ b Ci..,a.. 

.. / 

'"

X 

~ «

X

X 

X X

X 

XSSBGCR-2-5 1 
X X X X XSSBGCR-2.... q 
X X X X XSSBGCR-2-13 

X X X X XSSBGCR-2- z..S 
X X X X XSSBGCR-2-37 

i XX X X XSSBGCR-2- 'fD 

X X X X XSSBGCR-2-46 I 

\ X X X X X\SSBGCR-2- Sf ~\ 

Preservation Used: 1= Ice, 2= HCI; 3= H2S04; 4=HN03; 5=NaOH; 6= Other I 1 1 I I 

Possible Hazard Identification Sample Disposal ( AJee may be assessed ifsamples are retained longer tlwn J montll) 

lie/urn To Client Disposal By Lab Archive For MonthsNon-Hazard FLammable Skin Irritant Poison B Unknown 

Special Instructions/OC Requirements & Comments: 

Received by: Daterrime:Company: Daterrime: Company:
t?qu~he"lh(IN-!JL:.

A 

r.U/\ C{{r1.s.t..4S'Ji)<Mr'P r ICJ '1(. - oA. n:C;IS 
Relinquished by: /j 

(/C~-
Company: DatelTime: /' Received by: Company: Daterrime: 

Relinquished by: V Company: DatelTime: lR-eCeiVCdC /- [ Date~~; .!~C7JZlf\A Ie Jcc ();5 J7-'-lSL-- S~ - J .---._./' 
~
 



11 
I Chain of Custody Record Iplease .send analytic results, EDD, EDF, and the original 

chain-of-custody fo,nn to: 

Anja Verce (av@weiss.com) 

INSTRUCTIONS FOR LAB PERSONNEL: 

GeoTracker EDF required? [RJ Yes 0 No 

Include laboralory QNQC data with report. 

IAA Weiss Associates
t"" '" Erthlj;"tln.~~11:..aJs.:::.W''::,(l .!::1"l9"\",;:~r.>'Jtq MI" ~'UtIP"ltl";'l:.~S •.:iJ:l,r,"'Xi-:; 

Prima Environmental SpecIfy analytic/prep melhod and detection limiL in report. 
5801 Chriostie Avenue. Surte eoo. EmBPj,.,me-_ CA 94508­

Phe>ne:51Q-450-{Y,)<JO FGJl: 510-(,i-17··5V4(3 
5070 Robert J. Mathews Parkway, Suite 300 NoLify us ofany anomalolls peaks in GC or other scans. ""~~~""_......... ~"";:,",,o,,~(.r;.M 

EI Dorado Hills, CA 95762 Project ID: 388-1856-1-32a Call immediately with any questions or problems. 

phone: (916) 939-7300 Protocol No .. 081015 Chrom detail Prima Lab 

COC Number: UCD
 
Weiss Associates
 

Client Contact Project Manager: Bob Devany Sampled by:RP/L./~ Date: /0 -Ir. -U3 
Tel: 510-450-6144 Carrier: Page 4 of 4
 

5801 Christie Avenue, Suite 600
 

Lab Contact: Cj -);\"J :~:)~:.J,-\' '1".. r: 
v 

Analysis Turnaround Time Job No.
 

Emeryville, CA 94608
 iCalendar ( C ) or Work Days (W) - ­

(510) 450-6000 Phone TAT if different from Below-- ­ i 
=! 

·1 SDGNo.0(510) 547-5043 FAX 2 weeks ii 
f-< ~0 I week = = 

.~Job Name: UCDavis 0 2 days ~ ~ 
6
'C 

Address: One Shields Ave, Davis .!> .:: 
~ 

0 I day -" 

u 
~ ~ 'u u= 'C ~ 
OJ)pj 'i

= 
:c ~ 

~ 
~ 

Z 
~ 

-;:; = 'C 

;;SampleSample -'"~~ 
# ofCont.Sample Date Time Type " Sample Specific Notes: Sample Identification Matrix Uio:l «:> 

'-'l" 
X X X X XSSBGCR-2-63 501\/r:'f-S { ~IJ..~lo-~-ll6, 

.J X X XX XSSBGCR-2-1'oS" I 
X X X X XSSBGCR-2-15'
 

SSBGCR-2-87
 X X X X X 

X X X X XSSBGCR-2- 50 
V X X X X XitSSBGCR-2-95 N
" 

Preservation Used: 1= Ice, 2= HCI; 3= H2S04; 4=HN03; 5=NaOH; 6= Other 1 I I 1 1 

Possible Hazard Identification Sample Disposal ( A fee may be assessed ijsamples are retailled longer tl,all I mollth)
 

Non-Hazard Flammable Skin Irritant Poison B Unknown
 Return To Client Disposal By Lab Archive For Months 

Special Instructions/QC Requirements & Comments: 

/"
-' / /~
 

Company:
 DatefTime:DatefTime: Received by: Company:

~~~~£ (t<,r77J~ Jf::/~/ W!:'?S J--A:sr J Id :/" -d'9 I 1.' '1'S"" 
Il'Rel inq uishedoy: Recei ved by: Company: DatefTime:Company: DalefTime:/~ ({l/ 

Relinquished by: Company: DatefTime: 
~~V~dbt~S:t com~l ( ,... \ +1­ 7;;7,Ct./!5-/l L__ .l- ---- ­ _.-



---

--

I Chain of Custody Record	 Iplease send analytic results, EDD, EDF, and the original INSTRUCTIONS FOR LAB PERSONNEL: 

chain-of-custody form 10: Geo Tmkcr EDF required? 00 Y", 0 No ~ Weiss Associates 
An.ia Verce (av@Weiss.com) Include 1.bol1110Ty QNQC data with report 

~1 C hrh~i& AveJtoe SU;le 500 EmOf)"JII:£>. CA. 9.::.508Prima Environmental	 Specify aoalyticJprcp method and detection liroil in report 
Phcme" 51Q·~.50-6:J{lO FjJ;<: 511)-5.47 ·5-:J4~
 

5070 Robert J. Mathews Parkway, Suile 300 Notify us of.1I)' anomalous peaks in GC or O\b<:r WIllS.
 ·:oI_,·r_......:..__... I~"'.·._•• , '/ .liJ:"1' 

£1 Dorado Hill., CA 95762 ProjectlD: 388- )856-2-32a Call immediately with any questions or problCllU. 

phone: (916) 939-7300 Prolocol No . 081023 Chrom delail Prima Lab 

-IfClient Contact Project Manager: Bob Devany Date:Sampled by: 'il.'D~IS' COC Number: UCD 2N8 10 z:'OI1~Ja8 
Tel: 510-450-6144 Weiss Associates Lab Contact: Cindy Scbreier Carrier: Page I of I -5801 Christie Avenue, Suite 600 Anal)'sis Turnaround Time Job No. 

Emeryville, CA 94608 Calendar (C) or Work Days (W) - ­ 03gS-)8S6-/-3lD. 
(510) 450-6000 Phone TAT jf differen' from Below " .~D SDGNo.(510) 547-5043 FAX 2 week. ;ii 

IID 1 week '" S 
0Job Name: DC Davis L..J 2 days	 'C" ::~ '" ~..Address: One Shields Ave, Davis D I day S' 

~
~ 0" ..~ :sv "v Of !,~ ~ ]....Sample Sample ." :l';l '" '" 

~ 
~ ~ "II o(ConlSample Date Time TypeSample Identification Matrix Sample Specific Noles: ~ ~ S r:l-< 

) X X X X XSOILSSHSCR-2·2 9rJl!?1tvll=tl~ ,.s~IL X X X X XSSBGCR-2-2 J. ~~:J 

. 

I 1Preservation Used: 1= Ice, 2= HCI; 3= H2S04: 4=HN03: 5=NaOH; 6= Other I 1 1 
POSSilJle lUl1.I1rU lUl!I,tifu:aIlOlI Smnp/e )i,poStl/ (Ajee may be (fssesse. iJ sltmples (Ire retlmred longer troll mOl/fh) 

Non-Hazard Flammable Skin Irritant Poison B Unknown Return To Clienl ("Disposa; By Lab7 Archive For Months 

Special Instructions/OC Requirements & Comments:	 ....... ­

.-..	 ........
 
Date!rime: CO~Relinquis~~c-l..., jl. I J' Re~~~:l" ~JtIUJ)1~ ' !VLA ~Di;~eDg Ih~1f{)TAl? ASJ'oet,~etss~~~ . l­ lolz~/o8 IS:U 

Relinquished by: Company: Daterrime: Received by\) V I Company: Daterrime:U V 

Relinquished hy:	 !,-ompany: Daterrime: Received by: Company: DatefTime: 
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Feasibility Study Data Gaps Technical Report Appendices  
LEHR/SCDS University of California, Davis Rev.0  2/12/10 
   
 

J:\UCDavis\LEHR\2.1_CERCLA_Documents\2.1.1_Draft_FS\2.1.1.2_Data_Gap_Investigation\Data_Gaps_Tech_Memo\Rev0\Final_Data_Gaps_Tech_Memo_Rev0.doc  

APPENDIX C 

DISPOSAL UNIT DATA GAPS INVESTIGATION GEOLOGIC AND WELL 
CONSTRUCTION LOGS 



Silty gravelly SAND (SM), brown, (10YR, 5/3), medium-dense, dry, 35% f-c sand, 25% f-c gravel,
40% silt fines, LP, MEK.

At 5-14.5 ft: Drilled ahead without sampling to first sample interval.

Sandy SILT (ML), dark brown, damp, very stiff, ~65% silt fines, 25% f-c sand, 10% f gravel,
rounded, LP, LEK.

SILT (ML), light olive brown, (2.5Y, 5/4), stiff, damp to moist, trace to 5%, f. sand, grayish
mottling, trace rootholes, LP, LEK.

At 24 ft: As above with Mn-Ox specs & blotches, Fe-ox staining, trace caliche nodules & veins,
stiff, damp, LEK.

At 26.5-28 ft: As above, damp, LEK.

18/16

18/18

18/18

18/13

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2. Angled borehole 15 degrees off vertical to SW
3. Borehole was sampled using 2" diameter

California Modified and SPT samplers.
4.. Borehole was backfilled to surface with neat

cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/15/2008
9/15/2008
Hollow Stem Auger
2" Cal Mod, SPT  samplers
47.1
8"

Location of cored run

J:\UCDAVIS\LEHR\2.1_CERCLA_DOCUMENTS\2.1.1_DRAFT_FS\2.1.1.2_DATA_GAP_INVESTIGATION\BORING LOGS\UCD DATA GAPS 2009 INVESTIGATION.GPJ
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Figure C-1.  Boring Log for Boring LFI-2, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



Sandy SILT (ML) olive brown, (2.5Y, 4/4), hard, moist, ~55% fines (silt% > clay%), 15% f-m sand,
30% caliche nodules to 3/8 diameter with mild reaction to HCL, Mn-Ox staining and mottling,
Fe-Ox staining, caliche veins and nodules, LP, LEK. (continued)

SILT (ML), yellowish brown (10YR, 5/4), hard, damp, low plasticity, fines, trace f-m sand, grayish
mottling, rootholes with black (Mn-Ox?) lining, LEK.

At 45.5-75 ft: Drilled ahead without sampling for HSU-1 grab GW sample.

Boring terminated 15:30, 9/15/08.
Bottom of borehole at 75.0 feet.

18/15

18/18
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Figure C-1.  Boring Log for Boring LFI-2, LEHR/SCDS, UC Davis, Davis, California



GRAVEL (GP), very dark grayish brown (10YR, 3/2), dense, damp, ~50-55% f-c gravel, 35-40%
f-c sand, 5-10% fines, reddish clasts rare.

SILT (ML), yellowish brown, (10YR, 5/3), hard, moist, trace to 5% f. sand, dark brown mottling,
LP, LEK.

Silty SAND (SM), olive brown (2.5YR, 4/4), dense, damp, ~80% f-m sand, 20% silt fines, LP, HEK

Sandy SILT (ML), lt. olive brown (2.5Y, 5/4), hard, damp to moist, ~70% silt fines, ~25% f sand,
~5% f. gravel, Mn-ox specs and mottling, Fe-ox staining, trace caliche, LP, LEK.

GRAVEL (GP), dark grey brown (10YR, 4/4), dense, damp, ~55% f-c gravel, 45% f-c sand, clasts
are sub-round to round, LP, HEK.

18/14

18/18

18/17

18/11

18/18

18/18

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1.. Hand augered 0-5 feet.
2.. Borehole was sampled using 2" diameter

California Modified and SPT split-spoon
samplers.

3.. Borehole was backfilled to surface with neat
cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/17/2008
9/17/2008
Hollow Stem Auger
2" Cal Mod, SPT  samplers
48.4
8"

Location of cored run
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Figure C-2.  Boring Log for Boring LF2-4, LEHR/SCDS, UC Davis, Davis, California



SILT (ML), lt. olive brown (2.5Y. 5/4), hard, damp, 90-95% silt fines, 5-10% f. sand, whitish veins.

At 35.5 to 75 ft: Drilled ahead without sampling to 75 feet for grab groundwater sampling, cuttings
lithology and rig behavior confirm silt to sandy silt (ML) lithology.

Groundwater stabilized @ 63 feet just prior to grab GW sample collection.

Boring terminated 13:15 9/17/08.
Bottom of borehole at 75.0 feet.
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Figure C-2.  Boring Log for Boring LF2-4, LEHR/SCDS, UC Davis, Davis, California



Silty SAND (SM), light yellowish brown (10YR, 5/4), dense, dry, ~55% f-c sand, 20% f-c gravel,
25% silt fines, LP, HEK.

SILT (ML), dark yellowish brown (10YR, 4/4), very stiff, damp to moist, trace to 5% f. sand, LP,
LEK.

At 19 ft: As above, hard, moist, LEK.

At 24 ft: As above, with caliche veins & modules, Mn-ox staining as specs and mottling, rootholes,
LP, LEK.

At 26.5 ft: Same comments as at 24 ft caliche modules to 1/4 diameter.

At 31.5 ft: As above with Fe-ox staining/mottling, Mn-ox staining less common than above, moist,
LP, LEK.

18/14

18/18

18/16

18/18

18/15

18/14

18/18

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger.
2. Angled hole is 15 degrees off vertical to SW.
3. Borehole was sampled w/ 2" diameter California

Modified & SPT samplers.
4. Borehole backfilled to surface w/ cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/18/2008
9/18/2008
Hollow Stem Auger
2" Cal Mod, SPT  samplers
46.8
8"

Location of cored run
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Figure C-3.  Boring Log for Boring LF3-2, LEHR/SCDS, UC Davis, Davis, California

Water level after drilling (9/19/2008 8:00:00 AM)



At 34 ft: as above w/Fe-ox and Mn-Ox staining throughout; caliche nodules and veins common,
LP, LEK.
SILT (ML), continued.

Drilled ahead from 35.5-75 feet without sampling for collection of HSU-1 grab ground water
sample.  Cuttings and rig behavior confirm fine-grained lithology (silt to sandy silt [ML]) continues
to 75 feet.

Collected grab ground water sample at 67 feett bgs, 8:00 AM, 9/19/08.

Boring completed 9/08/08, 16:20.
Bottom of borehole at 75.0 feet.
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Figure C-3.  Boring Log for Boring LF3-2, LEHR/SCDS, UC Davis, Davis, California



Silty SAND (SM), yellowish brown (10YR, 5/3), medium dense, dry, ~45% f-c sand, ~10% f-c
gravel, subround to round, 45% silt fines, roots, LP, MEK.

Sandy SILT (ML), light olive brown (2.5Y, 5/4) to dark grayish brown (10YR, 3/7), stiff, damp,
~15-20% f. sand, rootholes, LP, LEK.
At 5 ft:  Drilled ahead without sampling to first sample interval at 14 feet.

At 14-15.5 ft: Dry, stiff, LP, LEK

Silty SAND (SM), light olive brown (2.5Y, 5/4), dense, slightly damp, ~65% v.f. sand, 35% fines,
Mn-ox and Fe-ox stains & mottling, LP, MEK.

Sandy SILT (ML), light olive brown, (2.5Y, 5/4), hard, dry to damp, ~25% f, 75% silt fines, Fe-ox
staining, LP, LEK.

Silty SAND (SM), light brownish grey, (2.5Y, 6/2), hard, dry, ~60% v.f. sand, low plasticity silt
fines, caliche veins.

18/15

18/18

18/16

18/13

18/18

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2.. Borehole was backfilled to surface with neat

cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/17/2008
9/17/2008
Hollow Stem Auger
2" Cal Mod, SPT  samplers
49.6
8"

Location of cored run
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Figure C-4.  Boring Log for Boring ET-2, LEHR/SCDS, UC Davis, Davis, California



Sandy SILT (ML), light olive brown (2.5Y, 5/4), hard, moist, ~85% fines, (silt > clay %), 15% f-m
sand, caliche veins. (continued)

Silty SAND (SM), olive brown (2.5Y, 4/4) v. dense, moist, ~80% f. sand, ~20% silt fines, LP, HEK.
At 40.5 ft: Drilled ahead to 75' for grab GW sample.

Cuttings and rig behavior at 40.5 to 75 feet confirm fine-grained lithology (SILT & sandy SILT [ML]
with trace amounts of silty SAND [SM] observed.

Bottom of borehole at 75.0 feet.

18/18
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Figure C-4.  Boring Log for Boring ET-2, LEHR/SCDS, UC Davis, Davis, California



Sandy SILT (ML),dark brown (10YR, 3/3), stiff, slightly damp, 80% fines (silt% > clay%), 20% f-c
sand, sand clasts are subround, LP, LEK.

At 5 ft: Drilled ahead to first sample interval at 11.5 feet with 8 inch HSA.

At 11.5-13 ft: As above

At 15 ft: Roots & rootholes, damp, LP, LEK

At 19 ft: Dark grayish brown, ~25-35% f-c sand, damp, LP, LMEK, Mn-Ox specs and mottling
below 18.3.
At 19.5-20.5 ft:~15% f-m sand, damp, LP, LEK, Mn-Ox specs and mottling.

At 24-25.5 ft: Sandy silt (ML) as above, hard, damp, LP, LEK.

At 27-28.5 ft: Sandy silt as above, hard, damp, LP, LEK

At 32-35.5 ft: Sandy silt (ML) as above, Fe-ox and Mn-ox staining, low plasticity, damp, LEK

18/12

18/18

18/18

18/18

18/17

18/18

18/18

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2. Borehole was sampled using 2" diameter

California Modified and SPT split-spoon
samplers.

3.. Borehole was backfilled to surface with neat
cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/12/2008
9/12/2009
Hollow Stem Auger
2" Cal Mod, SPT  samplers
48.8
8"

Location of cored run
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Figure C-5.  Boring Log for Boring ST-2, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



SILT (ML), continued.
At 35.5 ft: Drilled ahead without sampling to 75 feet. Drill cuttings indicate fine grained lithology,
predominantly silt (ML) with minor silty sand components.

Water observed at 61 feett 14:00, 9/12/08

Collected HSU-1 GW grab sample GWW2291, 8:30 9/15/08

Boring Terminated 13:00, 9/12/08
Bottom of borehole at 75.0 feet.
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Figure C-5.  Boring Log for Boring ST-2, LEHR/SCDS, UC Davis, Davis, California



Silty GRAVEL (GM), yellowish brown (10YR, 5/4), medium dense, dry to damp, ~45%, f-c gravel,
subround to sub-angular, 30% f-c sand, 25% silt fines, LP, MEK.

Sandy SILT (ML), light olive brown (2.5Y, 5/4), medium stiff, damp to moist, ~70-80% silt fines,
20-30% f-c sand, trace f. gravel, Fe-ox staining, LP, LEK.

SILT (ML), light olive brown (2.5Y, 5/4), hard, damp, low plasticity, fines, grayish mottling and
Mn-ox specs, rootholes, LP, LEK.

Silty SAND (SM), dark grayish brown (10YR, 4/2), dense, damp, ~80% f-m sand, 15% fines (silt
% > clay %), 5% f gravel, LP, HEK.

At 30 ft: Driller notes much harder drilling.
GRAVEL (GP), dark greyish brown (2.5Y, 4/2), dense, damp, 55% f-c gravel, subround to round,
40% f-c sand, 5% fines, HEK.

18/10

18/14

18/15

18/18

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2. Borehole was sampled using SPT split-spoon

samplers.
3. Borehole was backfilled to surface with neat

cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/16/2008
9/16/2008
Hollow Stem Auger
2" Cal Mod, SPT  samplers
49.3
8"

Location of cored run
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Figure C-6.  Boring Log for Boring WBH-2, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



Note: Drilled ahead from 35.5 to 75 feet for HSU-1 grab ground water sampling.

At 35.5 to 75 ft: Cuttings and rig behavior indicate fine grained units (silt, sandy SILT [ML] with
traces of silty SAND [SM]).

At 65 ft: Water level stabilized 16:50, 9/16/08

Boring terminated 16:45, 9/16/08
Bottom of borehole at 75.0 feet.
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Figure C-6.  Boring Log for Boring WBH-2, LEHR/SCDS, UC Davis, Davis, California



Silty GRAVEL (GM), light yellowish brown (10YR, 5/3), medium dense, dry to damp, ~35% f-c
gravel, 30-35% f-c sand, 30-35% fines, trace plastic and glass, LP, MEK-HEK

Sandy SILT (ML), olive brown (2.5Y, 4/4), med. stiff, damp, ~30% f-c sand, 5-10% f. gravel,
plastic and glass fragments, LP, L-MEK.

SILT (ML), olive brown (2.5Y, 4/4) hard, damp to moist, Fe-ox mottling and Mn-ox specs,
rootholes, low plasticity fines, LEK.

At 24 ft: as above, yellowish brown (10YR, 5/3), increased Fe-ox mottling/staining, Mn-ox staining
absent, LP, LEK.

At 26.5 ft: Same comments as above.

At 28 ft: Drilled ahead to 75 feet for HSU-1 grab groundwater sample.  Drill cuttings and rig
behavior between 28 and 75 feet indicate fine grained lithology (silt to sandy SILT [ML] w/minor
silty SAND [SM] percentage).

18/18

18/13

18/18

18/18

18/18

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger
2. Borehole was sampled using 2" diameter

California Modified and SPT split-spoon
samplers.

3. Borehole was backfilled to surface with neat
cement.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
Izzy Sapien
9/16/2008
9/16/2008
Hollow Stem Auger
2" Cal Mod, SPT  samplers
49.3
8"

Location of cored run
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Figure C-7.  Boring Log for Boring WBH-3, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



SILT to Sandy SILT (ML), continued.

At 64 ft: Collected grab HSU-1 groundwater sample 14:30, 9/16/08.

Boring terminated 12:30, 9/16/08.
Bottom of borehole at 75.0 feet.
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Figure C-7.  Boring Log for Boring WBH-3, LEHR/SCDS, UC Davis, Davis, California



3" Asphalt
SILT (ML) w/minor clay content w/some dispersed
gravel clasts (<1/2"), dark yellowish brown, (10 YR4/6),
slightly lithified, slightly plastic, dry to damp, MP, MEK?

At 5 ft: as above, lithified component

At 10 ft: as above, slight increase in clay content

Silty, CLAY (CL), trace fine sand grains, dark yellowish
brown (10 YR 4/4), soft to stiff, moist, LP, LEK

At 20 ft:  as above, slightly platy

At 25 ft:  as above,  dark yellowish to brown (10 YR
4/6), trace fine sand grains, moderate plasticity.

At 30 ft:  as above,

2" I.D. Schedule
40 PVC

Neat Cement

Well-head completion:
Well-casing diameter: 2"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. Hand augered 0-5 feet.
2. Borehole logged by cuttings.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

REK
RKD
Test America
819548
Mike Radakovitz
10/1/2008
10/1/2008
Hollow Stem Auger
none
49.5
8"
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Figure C-8.  Boring Log and Well-Construction Details for Well UCD1-62, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



At 35 ft:  as above, stiff, increase in Silt content, stiff,
moist, LP, LEH, not platy.

At 40 ft:  as above,

At 45 ft:  as above, w/trace coarse sand grains, dark
yellowish brown (10YR 4/6), olive, stiff, mod. plastic,
moderately platy, moist, LP, LEK.

At 50 ft: as above,

At 55 ft: as above, sand drops out.

At 60 ft: as above,  includes minor v. fine sand
(trace+20%?),dark yellowish brown (10YR 4/6) soft to
stiff, moderately plastic, moist, LP, LEK?

At 65 ft: as above, dark yellowish brown (10 YR 4/6),
moderately to v. stiff, moderately platy, moist LP, LEK.

At 70 ft:  as above,
Boring terminated 14:15 10/1/08.

Bottom of borehole at 72.0 feet.

Bentonite

#2-12 Sand
0.010" screen
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Figure C-8.  Boring Log and Well-Construction Details for Well UCD1-62, LEHR/SCDS, UC Davis, Davis, California



Asphalt
Clayey SILT (ML), grayish brown (10 YR 5/2) with
indurated fragments, dry, LP, LEK.

At 5 ft: as above.

At 10 ft: dark grayish brown (10 YR 4/2), slightly
plastic, damp

Silty CLAY (CL), dark brown, (10YR 3/3), soft, slightly
to moderately plastic, damp, LP, LEK

At 20 ft: dark brown (10 YR 3/3), stiff, moderately
plastic, moist, LP, LEK

At 25 ft: as above.

At 30 ft: as above.

2" I.D. schedule
40 PVC

Neat Cement

Well-head completion:
Well-casing diameter: 2"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. Hand augered 0-5 feet.
2. Borehole logged by cuttings.

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

REK
RKD
Test America
819548
Mike Radakovitz
9/30/2008
10/1/2008
Hollow Stem Auger
n/a - logged by cuttings
47.4
8"
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Figure C-9.  Boring Log and Well-Construction Details for Well UCD1-64, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



Silty CLAY (CL), continued.

At 40 ft:  trace (<10%) fine to medium sand, soft to
stiff, slightly to moderately plastic, moist, LP, LEK

At 45 ft: as above with trace (<10%) medium to coarse
sand grains.

At 50 ft: as above.

At 55 ft:  trace fine sand, yellowish brown (10 YR 5/6),
soft to stiff, moderately plastic, moist, LP, LEK

At 60 ft: decrease in auger resistance, but only trace
sand in cuttings (No sand observed on lower auger
sections during retraction)

At 60 ft: as above with isolated medium sand grains

CLAY (CL) with minor silt,  yellowish brown (10YR
5/6), stiff to v. stiff, slightly to moderately plastic, moist,
LP, LEK.

At 75 ft: slight increase in silt content.
Boring terminated 09-30-08, 16:15.

Bottom of borehole at 75.0 feet.

Bentonite

#2-12 Sand

0.010" screen

Bentonite
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Figure C-9.  Boring Log and Well-Construction Details for Well UCD1-64, LEHR/SCDS, UC Davis, Davis, California



Silty CLAY (CL), dark yellowish brown (10YR 3/6), soft
to slightly stiff, moderately plastic, damp, LP, LEK.

At 5 ft: as above.

Silty CLAY (CL), to clayey Silt, (ML), w/trace (10%) fine
sand & isolated coarse sand grains, dark yellowish
brown (10 YR 4/4),  soft to v. stiff & slightly lithified, dry
to damp, LP, LEK.

Silty CLAY (CL), dark yellowish brown (10YR 3/4), soft
to stiff & slightly platy, moderately plastic, moist, LP,
LEK.

At 20 ft:  platy to blocky, moderately plastic.

At 25 feet: as above.

At 30 ft: slight increase in silt content

2" I.D. schedule
40 PVC

Neat Cement

Well-head completion:
Well-casing diameter: 2"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. hand augered 0-5 feet
2. borehole logged by cuttings

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

REK
RKD
Test America
819548
Mike Radakovitz
9/30/2008
9/30/2008
Hollow Stem Auger
n/a - logged by cuttings
47.5
8"
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Figure C-10.  Boring Log and Well-Construction Details for Well UCD1-65, LEHR/SCDS, UC Davis, Davis, California

Water level after drilling (9/30/2008 11:35:00 AM)



Silty CLAY (CL), continued.

At 35 ft:  soft, moderately to v. plastic

At 40 ft: as above.

At 45 ft: v.. stiff, v. blocky, w/rare isolated coarse sand
grains.

At 50 ft: soft to stiff.

At 55 ft:  trace fine sand.

At 60 ft: stiff, blocky.

At 62 ft: change in auger resistance/softer, sand?

At 65 ft: slight increase in silt content, v. platy.

At 70 ft:  soft to v. stiff & blocky.

Note: Last three auger flights sections (~15' above TD
to TD) covered by  v. fine sandy clay, sticky to wet.
Boreing terminated 10:00 9/30/08

Bottom of borehole at 73.0 feet.

Bentonite

#2-12 sand

0.010" screen
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Figure C-10.  Boring Log and Well-Construction Details for Well UCD1-65, LEHR/SCDS, UC Davis, Davis, California



Asphalt 3" thick underlain by roadbase.
Sandy SILT (ML), yellowish brown, (10 YR 5/3), firm,
slightly damp; ~20-30% fine sand, 5% f. gravel;
rootholes & roots; LP; LEK.

Note: Drilled ahead from 5 to 45 feet without sampling.

2" I.D. schedule
40 PVC

Neat Cement

Well-head completion:
Well-casing diameter: 2"

Abbreviations:
Fe-ox = iron oxide
f-m-c = fine-medium-coarse
HEK = high estimated conductivity
LEK = low estimated conductivity
LP = low plasticity
MEK = medium estimated conductivity
Mn-ox = magnesium oxide
MP = medium plasticity

Notes:
1. 0-5' cleared via hand auger

EXPLANATION

Symbols: Logged by:
Checked by:

Drilling contractor:
Drilling contractor license:

Driller:
Date begun:

Date completed:
Drilling method:

Type of sampler:
Ground-surface elevation:

Bore-hole diameter:

RKD
MLS
Test America
819548
icky Anderson
10/2/2008
10/2/2008
Hollow Stem Auger
2" Cal Mod sampler
48.3
8"

Location of cored run
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Figure C-11.  Boring Log and Well-Construction Details for Well UCD1-66, LEHR/SCDS, UC Davis, Davis, California

Water level during drilling (first encountered)



SILT (ML), continued.

At 45 ft: oilve brown (2.5)  4/4); stiff; damp to moist;
trace to 5% f. sand; olive gray mottling; Fe-ox staining &
mottling; LP, LEK.

At 50 ft: SILT (ML) as above w/trace Mn-ox specs; very
stiff, moist; LEK

Sandy SILT (ML) lt olive brn. (2.5 y, 5/4); hard; damp to
moist; Caliche veins and rare nodules; ~70-80% fines
20-30% f-c sand; Fe-ox staining; rare Mn-ox specs; LP
LEK.

At 60 ft: minor Fe-ox staining & mottling; caliche veins
& nodules, hard; damp to moist; LP; LEK.

At 65 ft: as above w/ minor mn-ox staining; moist; LEK.

At 70 ft: core is visibly wet, hard; Fe-ox staining &
mottling; trace caliche viens; LP; LEK.
Boring terminated 15:00, 10/2/08

Bottom of borehole at 72.0 feet.

Bentonite

#2/12 sand
0.010" screen

18/18

18/18

18/18

18/18

18/18

18/18
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Figure C-11.  Boring Log and Well-Construction Details for Well UCD1-66, LEHR/SCDS, UC Davis, Davis, California
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APPENDIX D.  DESIGNATED LEVEL DETERMINATION AND 
GROUNDWATER RISK CHARACTERIZATION 

D.1. DESIGNATED LEVEL DETERMINATION 

One-dimensional vadose zone models were developed to calculate designated levels 
for the Laboratory for Energy-Related Health Research/South Campus Disposal Site 
(LEHR/SCDS), UC Davis, California.  Designated levels are concentrations of constituents 
in waste (or soil) that are protective of water quality while accounting for environmental 
attenuation. Designated levels were determined for the Eastern Trenches, Landfill Unit 1, 
Landfill Unit 2, Landfill Unit 3, Southern Trenches and Waste Burial Holes areas following 
the Designated Level Methodology for Waste Classification and Cleanup Level 
Determination (CRWQCB, 1989).  This appendix presents the approach, model assumptions, 
input parameters and results of designated level calculations.  

The designated level methodology evaluates environmental attenuation between the 
location of contaminated waste and nearby receiving waters.  At LEHR/SCDS, 
environmental attenuation is expected to occur in vadose zone soil located between buried 
waste (or contaminated soil) and groundwater.  The designated level methodology suggests 
an initial simplified analysis of environmental attenuation using easily obtainable information 
on key site characteristics and conservative assumptions about other characteristics to 
approximate minimum expected attenuation.  The methodology further states that “Whenever 
sufficient site- and waste-specific data can be obtained, a more thorough analysis of 
environmental fate should be substituted for this ‘generic’ attenuation factor approach”.  The 
Site and contaminant complexities encountered at LEHR/SCDS are not ideal for taking the 
simplified approach and may result in significant overestimation or underestimation of 
attenuation factors.  Therefore, UC Davis proceeded with collection of site-specific and 
waste-specific data to perform a more thorough analysis of environmental fate for 
contaminants in the UC Davis areas. 

In 2008, site-specific soil property data (D.B. Stephens, 2008) and waste-specific data 
were collected at each of the UC Davis areas. Soil property data were also collected at the 
Site by the United States Department of Energy (DOE) in 1996 (D.B. Stephens, 1996). UC 
Davis used the site-specific data in the multiphase fate and transport modeling code NUFT 
(Non-isothermal, Unsaturated Flow and Transport, Nitao 1996) to analyze contaminant 
migration and attenuation and determine designated levels. NUFT was developed and 
verified (Lee et al., 1993) at the Lawrence Livermore National Laboratory (LLNL) by Dr. 
John Nitao, in collaboration with Dr. Jacob Bear, to simulate multiphase flow and 
contaminant transport in one-, two-, or three-dimensions.  DOE consistently used NUFT to 
determine designated levels for their areas of responsibility at LEHR.  DOE removal actions 
in the Southwest Trenches, Radium/Strontium Treatment Systems, Domestic Septic System 3 
and Domestic Septic System 6 areas at LEHR were guided using NUFT-derived designated 
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levels. Consistent with DOE, UC Davis used the previously established modeling approach to 
determine designated levels for their areas of responsibility. 

Models developed for DOE areas of LEHR and the parameter sensitivity analysis 
using NUFT are described in detail in the One-Dimensional Vadose Zone Modeling Report 
for LEHR (Weiss, 1997). This modeling effort follows the established DOE areas modeling 
approach and uses UC Davis area-specific vadose zone soil profiles and modeling 
parameters. The modeling approach consisted of developing a soil profile for each area, 
selecting the most conservative site-specific parameters for each soil type, obtaining chemical 
property parameters for the constituents of concern, selecting hydrogeologic parameters, and 
iteratively running the model to determine designated levels.  

D.1.1. Soil Profiles and Soil Parameters 

Soil profiles were developed for the Eastern Trenches, Landfill Unit 1, Landfill Unit 
2, Landfill Unit 3, Southern Trenches, and Waste Burial Holes areas (Table D-1). A Weiss 
Associates geologist reviewed soil boring logs recorded within each area and selected 
representative soil types for sediments located between ground surface and 27 feet bgs. Each 
soil profile represents the most permeable sediments typically encountered at comparable 
depths within an area.  Thus, the boring logs over-represent high permeability sediments 
(sand and gravel) and under-represent the predominant silt and clay layers.  

Shallow areas of buried waste are located within Landfill Units 1, 2, and 3 and the 
Eastern and Southern Trenches. All of the waste matrix was removed from the Waste Burial 
Holes in 1999. Buried waste is a variable matrix and was assumed to be represented by high 
permeability sandy-gravel. An exception was shallow soil in the Eastern Trenches that was 
assumed to consist of silty-sand. The Eastern Trenches contains small infrequent pockets of 
shallow buried waste (typically 2 feet in diameter) in silt and silty-sand sediments. Eastern 
Trenches shallow soil permeability is overestimated by sandy-gravel, so silty-sand was 
selected to best represent this interval.  

Landfill Units 1, 2, and 3 and the Southern Trenches were assumed to contain lower 
permeability clay, silt and/or silty-sand layers below the sandy gravel waste matrix.   The 
Eastern Trenches area was assumed to consist of silty sand between ground surface and 6 feet 
bgs, sandy/clayey silt between 6 feet and 18 feet bgs, and silty-sand between 18 feet and 27 
feet bgs.  The Waste Burial Holes had a unique layer of silty-gravel backfill above silty-sand 
and silty-clay. As shown in Table D-2, the geologist identified three unique silty-clays in the 
UC Davis areas.  

Soil porosity, volumetric moisture content, hydraulic conductivity, dry bulk density, 
and the Van Genuchten parameters alpha and m are shown in Table D-2 for each of the soil 
types identified in the profiles. The parameters were determined from samples collected from 
DOE areas in 1996 and UC Davis areas in 2008 and submitted to a soil property testing 
laboratory (D.B. Stephens, 1996; D.B. Stephens, 2008). Sample soil types recorded by the 
field geologist were matched with the soil types in the profiles. Samples from UC Davis areas 
were given preference over samples collected from DOE areas. Two soil types were 
represented by DOE areas samples (sandy clay and sandy gravel) because none of the UC 
Davis areas samples matched these soil types. If more than one UC Davis area sample was 
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available to represent a soil type, the parameters most indicative of contaminant mobility 
were selected.  

D.1.2. Chemical Parameters for Constituents of Potential Concern 

Designated level constituents of potential concern (DL COPCs) and assumed 
contaminated depth intervals in each UC Davis area are shown in Table D-3.  The DL 
COPCs were screened previously in the Feasibility Study Data Gaps Work Plan (Weiss, 
2008), but changes were made to the list of DL COPCs since the screening was performed. 
Some volatile organic compound (VOC) DL COPCs were added to the list due to detection 
in soil gas samples collected during the data gaps investigation. Specifically, the additional 
VOC DL COPCs are:  

• Eastern Trenches - acetone, tetrachloroethene, toluene, 1,1-dichloroethane, 1,2-
dichloroethane and 1,2-dichloropropane 

• Landfill 1 - toluene and 1,3-butadiene  

• Landfill 2 - tetrachloroethene, toluene, 1,1-dichloroethane, 1,1-dichloroethene, 1,2-
dichloropropane, 1,3-butadiene, methyl ethyl ketone and xylenes 

• Landfill 3 - toluene 

• Southern Trenches - methyl ethyl ketone and toluene 

• Waste Burial Holes – toluene, 1,3-dichlorobenzene 

Some DL COPCs were dropped from the list upon closer evaluation of historical 
sample data or based upon Data Gaps Investigation results. The eliminated constituents are: 

Landfill Unit 1 – uranium-235 (All sample results were below the detection limits.) 

Landfill Unit 2 – hexavalent chromium (Data Gaps Investigation results indicate 
hexavalent chromium is not present in soil.) 

Waste Burial Holes – hexavalent chromium and uranium-235 (Data Gaps 
Investigation results indicate hexavalent chromium is not present in soil. All uranium-235 
sample results were below the detection limits.) 

Contaminated depth interval assumptions were made from soil and soil gas sample 
concentration data according to depth. If metal or radionuclide concentrations declined with 
depth below the background concentration, the contaminated interval was assumed to extend 
from ground surface to the depth of attenuation. In most cases, the metals and radionuclides 
did not attenuate to background levels with depth, and were therefore assumed to extend 
from ground surface to several feet below the water table.  Concentration versus depth plots 
for those constituents that do show attenuation with depth and therefore have contaminated 
intervals that do not extend all the way to the water table are presented as Attachment D-1 to 
this appendix. The soil gas data indicated VOCs extended throughout the soil column.  Thus, 
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VOCs were assumed to extend from ground surface to several feet below the water table. The 
depth interval assumptions are summarized in Table D-3. 

Chemical-specific parameters for the DL COPCs are summarized in Table D-4.  The 
soil adsorption/partitioning coefficient (Kd) values were compiled and reported previously in 
the Feasibility Study Data Gaps Work Plan (Weiss, 2008). The lowest reported Kd values 
from the literature were selected. Literature Kd values for tritium and carbon-14 were not 
used in the designated level calculations. Tritium and carbon-14 were assumed to partition 
completely into water in the form of tritiated water and methanol, respectively (Kd = 0). 
Henry’s constants were obtained in units of atmospheres – cubic meters per mole and 
converted to unitless Henry’s constants based on an average temperature of 65 degrees 
Fahrenheit (291.5 degrees Kelvin) in shallow groundwater in LEHR/SCDS monitoring wells. 
Molecular weight and organic carbon partition coefficients were obtained from the literature 
sources cited in Table D-4. 

D.1.3. Hydrogeologic Parameters  

UC Davis used the same conservative hydrogeologic parameter assumptions that 
were established in the designated level calculations performed by DOE for their areas at 
LEHR (Weiss, 2001; Weiss, 2002; Weiss, 2003).  Prior to calculating designated levels, DOE 
performed a detailed sensitivity analysis on the hydrogeologic parameters in their One-
Dimensional Vadose Zone Modeling report (Weiss, 1997).  In brief, the established 
hydrogeologic parameters and their supporting assumptions are: 

• Depth to groundwater:  The smallest seasonal depth to the water table (20 ft) 
during years of above average precipitation at the Site was used in the model. 

• Infiltration:  10.8 cm/year corresponding to 25% of the mean annual 
precipitation rate was used.  The infiltration was assigned to the model at a constant rate 
resulting in continuous vertical flux towards the water table.  The infiltration rate represents a 
reasonable maximum in an area with high evapotranspiration rates which reverse the 
direction of infiltration flux throughout most of the year. 

• Dispersion: No dispersion was used for any of the COCs. 

• Dilution: A thin aquifer thickness at the bottom of the model was used to 
represent the top of the water table as a receptor.  Dilution is therefore minimal and this 
assumption likely overestimates the actual impact that COCs may have on groundwater. 

D.1.4. Refinement of VOC DL COPCs 

VOCs were detected in soil gas samples collected during the 2008 Feasibility Study 
Data Gaps investigation. Designated levels were determined for 17 of the 31 detected VOCs 
as shown in Table D-5.  Modeling calculations were not performed for detected tracer 
compounds (hexane and isopropanol), ethanol (drinking alcohol) and co-located compounds 
with similar chemical structure/characteristics.   

Designated levels were determined for proxy compounds selected to represent co-
located chemical groups. Chloroform was the selected proxy for halogenated methanes, 
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which include carbon tetrachloride, chloromethane, dichlorodifluoromethane, methylene 
chloride and trichlorofluoromethane.  Chloroform was selected due to its presence at 
significantly higher concentrations than the other halogenated methane compounds and 
because remedial technologies (to be identified in the Feasibility Study) for chloroform are 
expected to address the whole halogenated methane group. The same rationale was used to 
select toluene as a proxy for the fuel volatiles group. Although methyl-ethyl-ketone did not 
have the highest detected concentration in the ketones group it was selected due to a higher 
detection frequency. Although 1,1,2-trichloroethane was not detected in soil gas, it was 
selected as a group proxy due to significant concentrations detected in soil samples.  

Designated levels were also determined individually for twelve compounds that were 
not part of the co-located groups (Table D-5).  

D.1.5. Groundwater Goals 

The groundwater goals and their sources are shown on Tables D-6 through D-11. The 
primary source of groundwater goals was the California Maximum Contaminant Levels 
(MCLs) for drinking water (DPH, 2009). If MCLs were unavailable, the United States 
Environmental Protection Agency, Region 9, Regional Screening Levels (RSLs) for tap 
water were used (EPA, 2008). The California Environmental Protection Agency risk-based 
target of 1.1 µg/L for water was used for chloroform. California notification levels (CNLs) 
were used as goal concentrations for carbon disulfide, 1,4-dioxane and formaldehyde (DPH, 
2009). Water sample detection limits were also used to provide baseline goals for organic 
constituents.  

Groundwater background values were determined for inorganic constituents (metals 
and radionuclides) using data from background well UCD1-18 located upgradient (west) of 
the Site. Groundwater sample data collected up through October 2008 were used. The 
established procedures for calculating LEHR site background values were followed (Weiss, 
2000). Background values are the 80% lower confidence limit on the 95th quantile of sample 
data unless the data were censored (mostly non-detects).  Half the detection limit was used 
for non-detect data to calculate background values when the percentage of detects was 
greater than 50%. Background values were calculated for barium, chromium, copper, 
antimony and selenium. Silver, cadmium, carbon-14, tritium, manganese, strontium-90, 
uranium-235 and uranium-238 data sets were censored. The lowest detection limit was 
selected as background for carbon-14, tritium, strontium-90, uranium-235 and uranium-238 
because their data were either 100% non-detect, or the few detected concentrations were 
outliers and/or had data quality issues. Maximum detected concentrations were selected as 
background values for silver, cadmium and manganese after eliminating high outliers and 
detected concentrations with data quality issues.  

D.1.6. Model Setup and Runs 

The UC Davis areas models had two 1-meter thick atmospheric elements above 
ground surface. A continuous flux of water was applied at the bottom atmospheric element to 
provide infiltration. Soil elements were set at 0.15 meters (0.5 feet) thick throughout the soil 
column, except at contacts between soil types (Table D-1). Elements were divided into 0.08 
meters (0.25 feet) thick above and below each soil contact to improve model continuity at 
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contact boundaries.  The assumed water table was located 20 ft bgs and a seven-foot thick 
saturated zone was simulated beneath the water table to represent the uppermost portion of 
the groundwater system.   

At the start of each run a constant COPC concentration was applied to all elements 
within the assumed contaminated interval. NUFT determined the movement of contaminant 
mass through each element at each time step. Water concentration data were output from the 
uppermost saturated element (0.15 m thick) to record the simulated peak concentration at the 
water table.   

Modeled peak groundwater concentrations were compared to the groundwater goals 
to predict designated levels for the contaminated interval. The model was run again using the 
predicted designated level and the output compared to the groundwater goal. Iterative runs 
and parameter tolerance adjustments were performed to verify convergence of peak 
concentrations to within 1% of the groundwater goals.   

D.1.6.1. VOC Soil Gas Equilibrium 

Soil gas designated levels were determined for VOC DL COPCs to enable 
comparisons with soil gas sample data. Soil gas was assumed in equilibrium with soil. The 
equilibrium expression is: 

 

 

Where Cv,eq is the equilibrium soil gas concentration, H is the unitless Henry’s 
constant, Csoil is the concentration in soil, ρbulk is the soil bulk density, θwater is the volumetric 
water content, foc is the fraction of organic carbon in soil, koc is the organic carbon partition 
coefficient, and θair is the volumetric air content.  Values of Csoil were the NUFT input 
concentrations that resulted in the groundwater goal concentrations at the water table.  
Henry’s constants and koc values are provided in Table D-4. Organic carbon data for 
LEHR/SCDS background soil samples were reviewed to select a koc value. The range of koc 
values spanned from 0.001 to 0.015. As indicated by the above equation, the highest koc 
value will result in the most conservative (lowest) designated level. Thus, 0.015 was selected 
for Koc. ρbulk and θwater values are provided in Table D-2 for each of the modeled soil types. 
θair was determined from the difference between the porosity and θwater.  Porosity values are 
also provided in Table D-2.  

Cv,eq was determined for each VOC COPC and soil type in each UC Davis area.  

D.1.7. Model Results 

The designated level results for each UC Davis area are summarized in Table D-6 
through Table D-11.  Maximum concentrations in soil and soil gas are presented next to the 
designated levels. The maximum concentration is shown in bold if it exceeds the designated 
level. Contaminated interval assumptions and time to peak are provided for context and the 
groundwater goals are provided for reference.  
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Soil gas designated levels were determined for each soil type in each area. Only the 
lowest (most conservative) soil gas designated levels are presented in Table D-6 through 
Table D-11. The differences due to soil type were generally minimal with a few exceptions.  
Soil gas designated levels varied widely for acetone at Landfill Unit 1 (from 43,300 
micrograms per cubic meter (µg/m3) in type 2 silty-clay to 278,000 µg/m3 in sandy gravel). 
However, maximum acetone soil gas concentrations at Landfill Unit 1 were below the lowest 
RSL-based soil gas designated level by more than a factor of 250.  None of the maximum 
concentrations that exceed conservative (lowest) soil gas designated levels are below less 
conservative (highest) designated levels. 

As shown in Table D-6, maximum soil gas concentrations are above the designated 
levels for acetone, chloroform, 1,1-dichloroethane, 1,2-dichloroethane, 1,2-dichloropropane, 
formaldehyde and toluene in the Eastern Trenches area. Maximum carbon-14 and tritium 
activity-concentrations in soil are also above the designated levels at the Eastern Trenches 
area.  

Maximum acetone, formaldehyde and toluene soil gas concentrations and maximum 
copper, selenium and carbon-14 concentrations in soil are above designated levels at Landfill 
Unit 1 (Table D-7).  

Soil gas concentrations are above the designated levels for acetone, chloroform, 1,1-
dichloroethane, 1,2-dichloropropane, formaldehyde, methyl ethyl ketone, tetrachloroethene, 
toluene and xylenes in Landfill Unit 2 (Table D-8). 1,1,2-trichloroethane was not detected in 
soil gas samples from Landfill Unit 2, but the highest detection limit was more than 5 times 
the MCL-based designated level.  In addition, the maximum concentration of 1,1,2-
trichloroethane in Landfill Unit 2 soil was above the soil-based designated level. Cadmium, 
silver and carbon-14 had maximum soil concentration above designated levels. 

The maximum concentrations of acetone, formaldehyde and toluene in Landfill Unit 
3 soil gas were above designated levels (Table D-9). Maximum concentrations of antimony, 
barium, cadmium, copper, manganese, carbon-14 and tritium in soil were also above the 
designated levels at Landfill Unit 3. The maximum concentration of silver in Landfill Unit 3 
soil was above the background-based designated level, but below the MCL-based designated 
level. 

Acetone, methyl ethyl ketone and toluene concentrations in Southern Trenches area 
soil gas had maximum concentrations above designated levels (Table D-10). 

Maximum concentrations of acetone, 1,3-dichlorobenzene, formaldehyde and toluene 
in soil gas were above designated levels at the Waste Burial Holes (Table D-11). Methyl 
ethyl ketone was not detected in soil gas at the Waste Burial Holes area, but the detection 
limit was above the designated level. Maximum carbon-14, tritium and uranium-238 activity 
concentrations in soil were above the designated levels. Only two samples were available to 
characterize uranium-238 in the Waste Burial Holes area. Uranium-238 was detected in both 
samples and the lower activity-concentration was below the background-based designated 
level, but above the MCL-based designated level. 
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D.2. RISK CHARACTERIZATION 

Risk characterization is intended to provide risk managers with an understanding of 
the uncertainties and technical basis of estimated risks and help them formulate appropriate 
remedial strategies. To facilitate risk management decisions, the risk characterization 
evaluates and makes recommendations on whether constituents of potential groundwater 
concern (COPGWCs) should be evaluated as a constituent of concern (COC) in the 
Feasibility Study. COPGWCs were examined on an individual basis to evaluate the strengths 
and weaknesses of lines of evidence indicating whether a threat to groundwater resources 
exists. For each of the UC Davis areas, COPGWC spatial distribution, presence in 
groundwater, predicted impact timing/magnitude, analytical uncertainty, sample data 
representativeness and other factors were evaluated.   

Prior to this risk characterization, designated level constituents of potential concern 
(DL COPCs) were identified in a screening evaluation presented in the Feasibility Study Data 
Gaps Work Plan (Weiss, 2008). As discussed in Section D.1.2 above, the list of DL COPCs 
was updated when additional characterization data were collected in 2008 during the 
Feasibility Study Data Gaps investigation. Designated levels were then determined for each 
DL COPC in each area, as presented in Section D.1.7 above.  

Using groundwater monitoring data, site characterization data and the NUFT 
modeling results a three-step risk estimate procedure was followed for DL COPCs. The first 
step consisted of comparing groundwater concentrations to background. The maximum 
concentration in HSU-1 groundwater monitoring wells downgradient of each disposal area 
was compared to background. Groundwater monitoring data collected within the past ten 
years were used. Groundwater background was determined for inorganic and radionuclide 
GW COPCs using data from well UCD1-018 as described above. Background was assumed 
zero for organic compounds and the concentration was treated as zero if the compound was 
not detected. DL COPCs with maximum groundwater concentrations above background were 
automatically identified as a COPGWC for risk characterization. DL COPCs with maximum 
groundwater concentrations below background were evaluated in Step 2.  

 The second step of the risk estimate process was to compare soil or soil gas 
concentrations to the NUFT model designated levels for each area (see Section D.1.7 above). 
If the maximum soil (or soil gas) concentration was below all designated levels for the DL 
COPC, it was eliminated from further consideration. The DL COPC was also eliminated if 
the maximum soil concentration was below background. DL COPCs with maximum 
concentrations above background and above at least one designated level were carried 
forward to Step 3. 

The third step consisted of evaluating DL COPCs based on their time to peak 
groundwater impact predicted by the model. If the peak arrival was predicted to occur after 
500 years, the DL COPC was eliminated from further consideration. DL COPCs whose peak 
impact was predicted to occur in less than 500 years were identified as COPGWCs and 
carried forward into the risk characterization. 

The risk characterization used multiple lines of evidence to evaluate COPGWC 
uncertainties and identify the final constituents of concern (COCs) that will be used in 
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making remedial action decisions in the Feasibility Study. The risk characterization lines of 
evidence are discussed in detail below for each COPGWC in each UC Davis disposal area.  
These lines of evidence include: percentage and spatial distribution of samples exceeding 
background, degradation and decay, uncertainties related to analytical issues and data 
representativeness, and relation of COPGWCs to Site operations.  For those COPGWCs 
retained as COCs based on this evaluation, a conservative estimate of contaminant loading to 
groundwater was made, and any COC shown to impact less than one acre of groundwater at 
background levels was screened out as a COC.  The only constituents for which this was a 
consideration in screening them out were 1,1-dichloroethene and 1,1,2-trichloroethane in 
Landfill Unit 2. 

D.2.1. Eastern Trenches Area 

D.2.1.1. Groundwater Risk Estimate 

The Eastern Trenches DL COPCs are acetone, carbon disulfide, chloroform, 1,1-
dichloroethane, 1,2-dichloroethane, 1,2-dichloropropane, 1,4-dioxane, formaldehyde, styrene, 
tetrachloroethene, toluene, carbon-14, tritium and Uranium-235. Maximum groundwater 
monitoring concentrations, maximum site characterization concentrations and the NUFT 
modeling results for DL COPCs are shown in Table D-6. The three-step risk estimate is 
shown in Table D-12 and discussed below.  

Step 1 (Groundwater Background Comparison) - DL COPCs groundwater data 
collected from downgradient HSU-1 wells UCD1-008, UCD1-009, UCD1-012, UCD1-013, 
UCD1-049, UCD1-050, UCD1-051 and UCD1-066 and from Data Gaps grab groundwater 
samples ET-1 and ET-2 (see Table 2-4) were compared to groundwater background.  It 
should be noted that all of these wells are also downgradient of Landfill Unit 2. Wells UCD1-
008 and UCD1-013 are also downgradient of the Waste Burial Holes area. Background VOC 
concentrations were assumed zero. Results below detection limits were presumed to be below 
Site background. Acetone, carbon disulfide, chloroform, 1,1-dichloroethane, 1,2-
dichloroethane, 1,2-dichloropropane and tetrachloroethene were detected in downgradient 
HSU-1 groundwater. With the exception of carbon disulfide and tetrachloroethene, these 
constituents were also detected in grab groundwater sample ET-1. Formaldehyde, styrene, 
toluene and uranium-235 were not detected in samples collected from both the Data Gaps 
hydropunch samples and the downgradient HSU-1 wells. Carbon-14 and tritium 
concentrations in groundwater samples were significantly above background in the wells and 
grab samples. Therefore, acetone, carbon disulfide, chloroform, 1,1-dichloroethane, 1,2-
dichloroethane, 1,2-dichloropropane, 1,4-dioxane, tetrachloroethene, carbon-14 and tritium 
were identified as COPGWCs in risk estimate Step 1 due to their presence in disposal unit 
and/or downgradient HSU-1 groundwater (Table D-12). 

Step 2 (Comparison of maximum soil concentration to Background and NUFT 
Result) – Maximum concentrations in soil (or soil gas) were compared to NUFT modeling 
results and soil (or soil gas) background. Background was assumed zero (non-detect) for 
organic (soil gas) compounds. Based on the comparison, formaldehyde is predicted to impact 
groundwater above the RSL and CNL. Modeling results indicate it is unlikely that the low 
concentrations of styrene detected in the Eastern Trenches area soil gas samples will impact 
groundwater.  Modeling results and soil gas data indicate toluene will be detected in local 
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groundwater, but remain below the MCL. Soil data and modeling results indicate uranium-
235 will remain below groundwater background and the MCL. Based on this, styrene and 
uranium-235 were eliminated in Step 2 of the risk estimate (Table D-12). 

Step 3 (Predicted Time to Peak Impact) – Peak concentrations of formaldehyde and 
toluene are predicted to occur in 16 to 27 years, respectively. No DL COPCs were eliminated 
in Step 3 of the risk estimate. 

Based on the groundwater risk estimate process, all of the DL COPCs except styrene 
and uranium-235 were retained for further evaluation as COPGWCs.   

D.2.1.2. Percentage and Spatial Distribution of Samples Exceeding Background 

A localized area of VOC contamination exists at the north end of the Eastern 
Trenches area.  Soil gas samples collected in 2008, during the Feasibility Study Data Gaps 
investigation, targeted this VOC contamination area. Chloroform was the primary VOC and 
was detected in all (100%) of the soil gas samples collected in the Eastern Trenches area in 
2008. The highest concentration of chloroform in soil gas was 13,000 micrograms per cubic 
meter (µg/m3) at 15 feet bgs. Lower concentrations of chloroform were detected in samples 
collected at 5 feet and 25 feet bgs (1,400 µg/m3 and 710 µg/m3, respectively). Acetone, 
carbon disulfide, 1,1-dichloroethane, 1,2-dichloropropane, formaldehyde, tetrachloroethene 
and toluene were detected in all (100%) of the Eastern Trenches soil gas samples.  1,2-
dichloroethane was detected at 15 feet bgs (330 µg/m3) and 25 feet bgs (43 µg/m3), but not at 
5 feet bgs (67% detected). The highest measured concentrations of VOCs in Eastern 
Trenches area soil gas were in samples collected at 15 feet bgs. 

No spatial distribution data were available for 1,4-dioxane. 

Four out of 44 (9%) of the carbon-14 soil sample results exceeded background in the 
Eastern Trenches area.  Two of the above-background samples indicate a localized, vertical 
distribution of carbon-14 at the center of the Eastern Trenches area. Carbon-14 activity-
concentrations were 6.7 +/- 1.9 picocuries per gram (pCi/g) and 8.3 +/- 1.4 pCi/g at 15 feet 
and 40 feet bgs, respectively, at the central location. Carbon-14 was above background and 
slightly above detection limits at two additional randomly distributed locations in the 
southern half of the Eastern Trenches. 

Only one out of 17 (6 %) of the tritium soil sample results exceeded background in 
the Eastern Trenches area.  The above-background sample (15.5 +/- 5.19 pCi/g) was 
collected in shallow soil (0.5 feet bgs) near the southwest boundary of the Eastern Trenches 
area.  

D.2.1.3. Degradation and Decay of Contaminants of Potential Concern 

Acetone, formaldehyde and toluene are expected to degrade quickly upon reaching 
groundwater. The published range of degradation half lives for acetone in groundwater is 2 to 
14 days, for formaldehyde in groundwater is several hours to 14 days, and for toluene in 
groundwater is 7 days to 4 weeks (Howard, 1991; Glancer-Soljan et al., 2001).   
Formaldehyde has been shown to degrade under both aerobic and anaerobic conditions in 
aqueous and soil media (Leungprasert and Otten, 2009).  Under aerobic conditions, as 
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generally present in the LEHR subsurface, formaldehyde degrades rapidly via formate or 
formic acid to carbon dioxide (Glancer-Soljan et al., 2001). Glancer-Soljan et al. (2001) 
demonstrated complete aerobic biodegradation of formaldehyde (1,000 mg/L) within 18 
hours.  During the aerobic degradation, formic acid developed as the intermediate product, 
which was also degraded within 18-24 hours.  Under denitrifying and anaerobic conditions, 
formaldehyde has also been shown to be transformed into methanol and formic acid (Omil et 
al., 1999, Eiroa et al., 2004, and Eiroa et al., 2005). Eiroa et al. (2004) found that 
formaldehyde was completely biodegraded in less than 30 hours under denitrifying 
conditions.  Carbon disulfide, chloroform 1,1-dichloroethane, 1,2-dichloroethane, 1,2-
dichloropropane, 1,4-dioxane and tetrachloroethene may also degrade to some extent in 
groundwater; however, for the purposes of this assessment no degradation was assumed. 

Carbon-14 is not a naturally occurring isotope and has a half life of 5,730 years. 
Tritium occurs naturally through atmospheric processes, but does not accumulate, and its 
natural abundance is negligible. Tritium has a half life of 12.33 years. 

D.2.1.4. Uncertainty 

The objective of this section is to discuss the major sources of uncertainty that are 
specific to the assessment of the Eastern Trenches area. 

D.2.1.4.1. Analytical Issues 

Soil gas samples collected in 2008 were used to characterize VOC distribution in the 
Eastern Trenches Area. Acetone, carbon disulfide, chloroform, 1,1-dichloroethane, 1,2-
dichloroethane, 1,2-dichloropropane, tetrachloroethene and toluene soil gas data had no 
validation qualifiers. All of the soil gas data collected in 2008 for formaldehyde were 
qualified as approximate (J) due to exceeded holding time. The formaldehyde samples were 
analyzed 1 day outside their specified 14 day holding time and the effect on analytical 
accuracy for these data is likely negligible. 

No 1,4-dioxane soil sample data were available. 

Soil sample data were used to characterize carbon-14 and tritium in the Eastern 
Trenches area. Nine of 44 carbon-14 results were qualified as approximate (J), including four 
above-background results. Two results had reported activity-concentrations above the 
background value, but well below their detection limits. These two non-detect results were 
not used to characterize above-background soil.  

Two of 17 tritium results were qualified for trace activity-concentrations below the 
detection limit (UJ). Both of the qualified results are potentially within the detectable range 
based on adding the counting error to the activity-concentration.  Twelve of the 17 tritium 
results were non-detect, but their detection limits were 3 to 5 times higher than background. 
Above-background concentrations may exist at the 12 sample locations, but these data show 
tritium concentrations are limited. 
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D.2.1.4.2. Data Representativeness 

Soil gas samples collected during the 2008 Feasibility Study Data Gaps Investigation 
targeted VOCs contamination at the north end of the Eastern Trenches area. The 2008 soil 
gas data provided quantitative vertical characterization of the source area, but did not 
delineate the lateral extent.  VOC migration is not expected to extend a significant distance 
laterally beyond the Eastern Trenches area due to low permeability native soil surrounding 
the disposal trenches. VOC data from soil samples collected in 1995 and 1996 were used 
qualitatively to verify the location of VOC concentrations in the Eastern Trenches Area, but 
these data were not used quantitatively due to accuracy issues associated with older sampling 
techniques that may not have prevented VOC losses during sample transport and storage.  
VOC data for a downhole soil gas flux sample collected in 1999 and for passive soil gas 
samples collected in 1998 were also used qualitatively to verify the location of VOC 
concentrations in the Eastern Trenches Area.    

Eastern Trenches area soil sampling has consisted of discretionary grab samples and 
soil boring samples collected at depths ranging from 0.5 feet to 40 feet bgs. Carbon-14 and 
tritium soil sampling covers the lateral and vertical extent of the known potential source 
areas.  The soil samples were collected and analyzed according to Superfund risk assessment 
data quality standards.  These data are sufficient for characterizing the soil column in the 
Eastern Trenches area.  No data gaps were identified.  

Sample data from downgradient HSU-1 groundwater wells (see Section D2.1.1 
above) represent combined impacts from the Eastern Trenches area, Waste Burial Holes area 
and Landfill Unit 2. These monitoring wells are downgradient of all three areas. The Waste 
Burial Holes area is known to contain significantly more carbon-14 and tritium 
contamination than the Eastern Trenches area. The fraction of Eastern Trenches area carbon-
14 and tritium reaching downgradient HSU-1 wells may not be distinguishable from the 
larger Waste Burial Holes contribution. In addition, Landfill Unit 2 contains significant VOC 
concentrations. VOCs reaching the downgradient HSU-1 wells are likely a combination of 
contamination from Eastern Trenches area and Landfill Unit 2 sources. The Data Gaps grab 
groundwater samples collected in 2008 are also representative of these combined impacts. 

D.2.1.5. Relation of Contaminants of Potential Groundwater Concern to Site 
Operations 

From 1957 to 1965, waste materials including laboratory waste, pesticide containers, 
and gravel with bones and feces were disposed at the Eastern Trenches. The disposed wastes 
contained organic solvents, tritium and carbon-14, likely or known to be associated with 
LEHR Site operations.  

Acetone is potentially associated with LEHR operations and is a common solvent for 
rinsing laboratory glassware due to its low cost, volatility, and ability to dissolve in water.  
Carbon disulfide may have been used as a non-polar solvent, but its use is commonly 
associated with the synthesis of organosulfur compounds. Chloroform was used at the Site 
and is a common anesthetizing agent and solvent. 1,1-dichloroethane, 1,2-dichloroethane, 
1,2-dichloropropane and 1,4-dioxane can be used as solvents or fumigants and are potentially 
associated with LEHR operations. Formaldehyde was used at the Site and its common uses 
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include tissue fixative, disinfectant and embalming agent. The solvent tetrachloroethene is 
potentially associated with LEHR operations, but its use is commonly associated with dry 
cleaning operations. Toluene is a component of gasoline and is a common non-polar solvent. 
As a component of gasoline, toluene was used at the site. Tritium and carbon-14 are 
radioactive tracers/radiolabels that were used in experiments at LEHR.  

D.2.1.6. Risk Characterization Summary and Recommendations Regarding 
Contaminants of Concern at the Eastern Trenches Area 

The risk characterization summary is presented in Table D-18 and discussed below. 

 

D.2.1.6.1. Acetone 

Acetone was possibly used at the Site.  The maximum concentration of acetone in 
groundwater was approximately two orders of magnitude below the RSL.  These acetone data 
were frequently qualified due to laboratory contamination. Soil gas data indicate acetone is 
present in vadose zone soil (210 µg/m3 maximum).  Modeling suggests acetone will reach its 
peak concentration in groundwater in 20 years, but groundwater concentrations will remain 
far below the RSL.  Acetone should not be retained as a COC because it has low toxicity, it 
degrades quickly in groundwater, its maximum concentration in groundwater was two orders 
of magnitude below the RSL and modeling suggests it will stay far below the RSL. 

D.2.1.6.2. Carbon Disulfide 

Carbon disulfide was possibly used at the Site, but it was detected only once in 
groundwater (less than 1% detection frequency) at a concentration more than three orders of 
magnitude below the RSL and two orders of magnitude below the CNL. Carbon disulfide 
concentrations in soil gas were low (81 µg/m3 maximum). Modeling suggests carbon 
disulfide will remain well below the RSL and CNL. Carbon disulfide should not be retained 
as a COC due to its low concentration and infrequent detection in groundwater, low 
concentration in soil gas and insignificant predicted impact. 

D.2.1.6.3. Chloroform 

Chloroform was used at the Site and is currently impacting groundwater above the 
MCL and California EPA cleanup goal.  Chloroform detected in downgradient HSU-1 
groundwater likely originated from sources in the Eastern Trenches Area and Landfill Unit 2. 
Modeling suggests groundwater concentrations will peak above these goals in 24 years. High 
concentrations of chloroform were detected in soil gas (13,000 µg/m3 maximum). 
Chloroform should be retained as a COC. 

D.2.1.6.4. 1,1-Dichloroethane and 1,2-Dichloroethane 

1,1-dichloroethane and 1,2-dichloroethane were possibly used at the Site and are 
currently impacting groundwater above MCLs.  Modeling suggests groundwater 
concentrations will peak above these goals in 15 years. Maximum detected concentrations of 
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1,1-dichloroethane and 1,2-dichloroethane in soil gas were 550 µg/m3 and 330 µg/m3, 
respectively. 1,1-dichloroethane and 1,2-dichloroethane should be retained as COCs. 

D.2.1.6.5. 1,2-Dichloropropane 

1,2-dichloropropane was possibly used at the Site and is currently detected in 
groundwater at concentrations below the MCL.  Modeling suggests groundwater 
concentrations will peak above the MCL in 16 years. The maximum detected concentration 
of 1,2-dichloropropane in soil gas was 1,900 µg/m3. 1,2-dichloropropane should be retained 
as a COC. 

D.2.1.6.6. Formaldehyde 

Formaldehyde was used at the Site. The only formaldehyde samples collected from 
downgradient HSU-1 groundwater monitoring wells within the past ten years were from 
wells UCD1-013 and UCD1-066 in 2009. A Data Gaps grab groundwater sample was also 
collected within the Eastern Trenches. Formaldehyde was not detected in the Data Gaps 
sample or the downgradient groundwater samples. The maximum formaldehyde 
concentration in soil gas was 61.7 µg/m3.  Formaldehyde is expected to biodegrade quickly 
upon reaching groundwater, but without biodegradation, modeling predicts formaldehyde 
will impact groundwater above the RSL and CNL in 16 years. Formaldehyde should not be 
retained as a COC because it is expected to biodegrade quickly upon reaching groundwater 
and recent groundwater monitoring data indicates that formaldehyde is not impacting 
groundwater. 

D.2.1.6.7. 1,4-Dioxane 

1,4-dioxane was possibly used at the Site. Although 1,4-dioxane groundwater data 
are limited, the existing data indicate 1,4-dioxane is impacting downgradient HSU-1 
groundwater above the CNL and RSL.  Modeling suggests groundwater concentrations will 
peak above these goals in 17 years. 1,4-dioxane is a semivolatile organic compound and no 
soil sample data have been collected to characterize its presence or extent in the Eastern 
Trenches area. 1,4-dioxane should be retained as a COC. 

D.2.1.6.8. Tetrachloroethene 

Tetrachloroethene was possibly used at the Site and was detected in downgradient 
HSU-1 groundwater at concentrations below the MCL.  Tetrachloroethene was not detected 
in the Data Gaps grab groundwater sample. Modeling suggests groundwater concentrations 
will remain below the MCL. Concentrations of tetrachloroethene in soil gas were low (7 
µg/m3 to 130 µg/m3). Tetrachloroethene should not be retained as a COC due to its low 
concentration in groundwater and soil gas, and insignificant predicted impact. 

D.2.1.6.9. Toluene 

Toluene was used at the Site, but was not detected in groundwater and is expected to 
biodegrade quickly if it does reach groundwater.  Concentrations of toluene in soil gas were 
low (44 µg/m3 to 70 µg/m3) and modeling suggests groundwater concentrations will remain 
below the MCL. Toluene should not be retained as a COC due to its absence in groundwater, 
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low concentration soil gas, insignificant predicted impact and fast groundwater 
biodegradation rate. 

D.2.1.6.10. Carbon-14 and Tritium 

Carbon-14 and tritium were used at the Site and are currently above background and 
near the MCLs in groundwater. Most of the groundwater contamination is likely due to 
carbon-14 and tritium originating from the Waste Burial Holes area. Site characterization 
data indicate the Waste Burial Holes area contains significantly more carbon-14 and tritium 
contamination in vadose zone soil than the Eastern Trenches area. However, modeling 
suggests that carbon-14 and tritium in the Eastern Trenches area will impact HSU-1 
groundwater at concentrations above background and the MCL.  Carbon-14 and tritium 
should be retained as COCs. 

D.2.2. Landfill Unit 1 

D.2.2.1. Groundwater Risk Estimate 

The Landfill Unit 1 DL COPCs are acetone, 1,3-butadiene, formaldehyde, toluene, 
copper, selenium and carbon-14. Maximum groundwater monitoring concentrations, 
maximum site characterization concentrations and the NUFT modeling results for DL 
COPCs are shown in Table D-7. The three-step risk estimate is shown in Table D-13 and 
discussed below.  

Step 1 (Groundwater Background Comparison) - DL COPCs groundwater data 
collected from downgradient HSU-1 wells UCD1-011 and UCD1-062 and Data Gaps grab 
groundwater sample LF1-2 (see Table 2-4) were compared to groundwater background.  
Acetone was detected in downgradient HSU-1 groundwater. 1,3-butadiene impacts in 
downgradient groundwater could not be evaluated in Step 1 of the risk estimate because no 
samples were collected for this constituent within the past ten years. Formaldehyde and 
toluene were not detected in samples collected from the downgradient HSU-1 wells. Copper, 
selenium and carbon-14 concentrations in downgradient groundwater samples were above 
background. Copper was above background in the Data Gaps hydropunch sample. Selenium 
and carbon-14 were not detected in the Data Gaps hydropunch sample. Acetone, copper, 
selenium and carbon-14 were identified as COPGWCs in risk estimate Step 1 due to their 
presence in disposal unit and/or downgradient HSU-1 groundwater (Table D-13). 

Step 2 (Comparison of maximum soil (or soil gas) concentration to Background and 
NUFT Result) – The maximum concentration of 1,3-butadiene was below the soil gas 
designated level, indicating it is unlikely 1,3-butadiene will impact groundwater.  Based on 
the comparison, formaldehyde is predicted to impact groundwater above the RSL and CNL. 
Modeling results and soil gas data indicate toluene will be detected in local groundwater, but 
remain below the MCL. 1,3-butadiene was eliminated in Step 2 of the risk estimate (Table D-
13). 

Step 3 (Predicted Time to Peak Impact) – Modeling suggests peak concentrations of 
formaldehyde and toluene in groundwater are predicted to occur in 21 and 40 years, 
respectively. No DL COPCs were eliminated in Step 3 of the risk estimate. 
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Based on the groundwater risk estimate process, all of the DL COPCs except 1,3-
butadiene were retained for further evaluation as COPGWCs.   

D.2.2.2. Percentage and Spatial Distribution of Samples Exceeding Background 

VOCs contamination exists at the southwest corner of Landfill Unit 1.  Soil gas 
samples collected in 2008, during the Feasibility Study Data Gaps investigation, targeted the 
VOCs contamination area. Low concentrations of acetone, 1,3-butadiene, formaldehyde and 
toluene were detected in the soil gas samples. Acetone was detected at 5 feet bgs (120 µg/m3) 
and 15 feet bgs (150 µg/m3), but not at 25 feet bgs (67% detected). 1,3-Butadiene was only 
detected in one sample (33% detected) at 15 feet bgs (74 µg/m3). Formaldehyde was detected 
in all (100%) of the Landfill Unit 1 soil gas samples.   Toluene was detected at 5 feet bgs (72 
µg/m3) and 15 feet bgs (120 µg/m3), but not at 25 feet bgs (67% detected).  

Six out of 33 (18%) of the copper soil sample results exceeded background in 
Landfill Unit 1. The two highest concentrations (2,690 mg/kg and 570 mg/kg) are located 
near the center of the western half of Landfill Unit 1. Above-background samples in the 
eastern half of the area are more randomly distributed. All of the above-background samples 
are located in shallow soil ranging from 0 ft bgs to 7 ft bgs. 

Fourteen out of 33 (42%) of the selenium soil sample results exceeded background in 
Landfill Unit 1. The eight highest concentrations (3.3 mg/kg to 13 mg/kg) were located in 
shallow soil ranging from 2.5 ft bgs to 8.5 ft bgs. Most of the above-background 
concentrations are located in the Eastern half of Landfill Unit 1, but four were in the west 
half, including the highest concentration. 

Carbon-14 was detected above background in five out of 21 sample results in the 
Landfill Unit 1 area (24%).  Four of the above-background samples, including the highest  
(4.74 +/- 0.724 pCi/g), were located in a small cluster in the southwest corner of the area at 
depths ranging from 0.5 ft bgs to 20 ft bgs. The second highest detected concentration (2.6 
+/- 1.6 pCi/g) was located at the center of Landfill Unit 1 at 25 feet bgs.   

D.2.2.3. Degradation and Decay of Contaminants of Potential Concern 

Acetone, formaldehyde and toluene are expected to degrade quickly upon reaching 
groundwater. The published range of degradation half lives for acetone in groundwater is 2 to 
14 days, for formaldehyde in groundwater is several hours to 14 days (see Section D.2.1.3 for 
additional discussion), and for toluene in groundwater is 7 days to 4 weeks (Howard, 1991; 
Glancer-Soljan et al., 2001).  Copper and selenium are assumed to undergo no significant 
degradation.  

Carbon-14 is not a naturally occurring isotope and has a half life of 5,730 years.  

D.2.2.4. Uncertainty 

The objective of this section is to discuss the major sources of uncertainty that are 
specific to the assessment of Landfill Unit 1. 
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D.2.2.4.1. Analytical Issues 

Soil gas samples collected in 2008 were used to characterize VOC distribution at 
Landfill Unit 1. Acetone, formaldehyde and toluene soil gas data had no validation qualifiers.  

Soil sample data were used to characterize copper, selenium and carbon-14 at 
Landfill Unit 1. Copper was detected in all of the soil characterization samples with no data 
validation qualifiers. Selenium was detected in 22 out of 33 soil samples with no data 
validation qualifiers. All of the non-detect selenium data had detection limits below the 
background value.  

One of 21 carbon-14 results was qualified as approximate (J), due to a low detected 
activity-concentration and radioanalytical counting uncertainty spanning the detection limit 
(trace level). One non-detect carbon-14 result was qualified due to a calibration verification 
problem.  No other analytical uncertainty issues were found for carbon-14. 

D.2.2.4.2. Data Representativeness 

Soil gas samples collected in 2008, during the Feasibility Study Data Gaps 
Investigation, targeted VOCs contamination at the southwest corner of Landfill Unit 1. The 
2008 soil gas data provided quantitative vertical characterization of the source area, but did 
not delineate the lateral extent.  VOC migration is not expected to extend a significant lateral 
distance beyond the Landfill Unit 1 boundary due to low concentrations in soil gas and low 
permeability native soil surrounding the landfill. Previous soil gas analyses did not detect 
VOCs in Landfill Unit 1 (Weiss, 2008). Previous VOC data from soil samples collected in 
1995 and 1996 were used qualitatively to verify the location of VOC concentrations in 
Landfill Unit 1, but these data were not used quantitatively due to accuracy issues associated 
with older sampling techniques that may not have prevented VOC losses during sample 
transport and storage. 

Landfill Unit 1 soil sampling consisted of discretionary grab samples and soil boring 
samples collected at depths ranging from ground surface to 40 feet bgs. Copper, selenium and 
carbon-14 soil sampling covers the lateral and vertical extent of the known potential source 
areas.  The soil samples were collected and analyzed according to Superfund risk assessment 
data quality standards.  These data are sufficient for characterizing the soil column at Landfill 
Unit 1.  No data gaps were identified.  

Groundwater sample data used in this evaluation were from wells UCD1-011 and 
UCD1-062 and Data Gaps grab groundwater sample LF1-2. The groundwater flow direction 
in HSU-1 is generally toward the northeast.  Landfill Unit 1 is located east-southeast of other 
LEHR/SCDS sources such as the Waste Burial Holes area, Landfill Unit 2 and Eastern 
Trenches Area. Well UCD1-011 is located downgradient/crossgradient of Landfill Unit 1 and 
approximately 150 feet north of the northeast landfill boundary. Well UCD1-011 is also 
located approximately 400 feet to 500 feet downgradient of the Waste Burial Holes, Landfill 
Unit 2 and Eastern Trenches Areas. Contaminants detected in samples from well UCD1-011 
could originate from any of the four areas. All of the groundwater samples used in this 
evaluation, except one, were from well UCD1-011. Recently installed HSU-1 groundwater 
well UCD1-062 is located at the east boundary of Landfill Unit 1 and approximately 500 feet 
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east, crossgradient/downgradient, of the Waste Burial Holes, Landfill Unit 2 and Eastern 
Trenches Areas. Well UCD1-062 groundwater monitoring data are likely representative of 
Landfill Unit 1, but there is some potential for the well to pick up contamination from the 
other three sources. Data from only one sampling event were available from UCD1-062 at 
the time of this evaluation. Data Gaps grab groundwater sample LF1-2 was located in the 
southwest corner (upgradient end) of Landfill Unit 1 and crossgradient/downgradient of the 
Waste Burial Holes. Carbon-14 was not detected in sample LF1-2, suggesting the sample 
location was not affected by groundwater contamination migrating from the Waste Burial 
Holes.   

D.2.2.5. Relation of Contaminants of Potential Groundwater Concern to Site 
Operations 

Waste materials were disposed at Landfill Unit 1 in the 1940s and 1950s. Glass, 
metal and burned materials including ash, charcoal and melted glass were identified at 
Landfill Unit 1 during investigations of the area. Sludge from the adjacent sewage treatment 
plant was also reportedly disposed at Landfill Unit 1.  

Acetone is a common solvent that was possibly disposed at Landfill Unit 1.  
Formaldehyde was used at LEHR/SCDS and its general uses include tissue fixative, 
disinfectant and embalming agent. Toluene is a component of gasoline and is a common non-
polar solvent. As a component of gasoline, toluene was used at the Site. Copper is a common 
conductive metal and was probably disposed at Landfill Unit 1.  Selenium was possibly 
disposed at Landfill Unit 1; its general historical (anthropogenic) uses include veterinary 
toxin, rubber compounding agent, steel alloying agent and in rectifiers. Carbon-14 is a 
radioactive tracer/radiolabel that was used in experiments at LEHR.  

D.2.2.6. Risk Characterization Summary and Recommendations Regarding 
Contaminants of Concern at Landfill Unit 1 

The risk characterization summary for Landfill Unit 1 is presented in Table D-19 and 
discussed below. 

D.2.2.6.1. Acetone 

Acetone was possibly used at the Site.  The maximum concentration of acetone in 
downgradient HSU-1 groundwater was almost three orders of magnitude below the RSL.  
Soil gas data indicate acetone is present in vadose zone soil (150 µg/m3 maximum).  
Modeling suggests acetone will reach its peak concentration in groundwater in 24 years, but 
groundwater concentrations will remain far below the RSL.  Acetone should not be retained 
as a COC because it has low toxicity, it degrades quickly in groundwater, its maximum 
concentration in groundwater was almost three orders of magnitude below the RSL and 
modeling suggests it will remain far below the RSL. 

D.2.2.6.2. Formaldehyde 

Formaldehyde was used at LEHR/SCDS. The only formaldehyde samples collected 
from downgradient HSU-1 groundwater monitoring wells within the past ten years were from 
wells UCD1-011 and UCD1-062 in 2009. Formaldehyde was not detected in either of the two 
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samples. Without degradation, modeling predicts formaldehyde will impact groundwater 
above the RSL and CNL in 21 years; however, formaldehyde is expected to biodegrade 
quickly upon reaching groundwater.  Formaldehyde should not be retained as a COC because 
it is expected to biodegrade quickly upon reaching groundwater and recent groundwater 
monitoring data indicates that formaldehyde is not impacting groundwater. 

D.2.2.6.3. Toluene 

Toluene was used at the Site, but was not detected in downgradient HSU-1 
groundwater and is expected to biodegrade quickly if it does reach groundwater.  
Concentrations of toluene in soil gas were low (72 µg/m3 to 120 µg/m3) and modeling 
suggests groundwater concentrations will remain below the MCL. Toluene should not be 
retained as a COC due to its absence in groundwater, low concentration soil gas, insignificant 
predicted impact and fast groundwater biodegradation rate. 

D.2.2.6.4. Copper 

Copper was used at the Site. The maximum concentration of copper in groundwater 
was above background and more than two orders of magnitude below the MCL. High 
concentrations of copper were detected in shallow soil (2,690 mg/kg maximum). Modeling 
suggests that copper in Landfill Unit 1 will impact groundwater at concentrations exceeding 
background and the MCL, but the peak impact will not occur for more than 500 years.  
Copper should be retained as a COC due to its presence in groundwater and predicted impact. 

D.2.2.6.5. Selenium 

Selenium was possibly used at the Site and was above background, but below the 
MCL in downgradient HSU-1 groundwater. Selenium was not detected in Data Gaps grab 
groundwater sample LF1-2. The highest concentrations of selenium in Landfill Unit 1 soil 
were located at relatively shallow depths (2.5 ft bgs to 8.5 ft bgs). Modeling suggests that 
selenium should already be impacting groundwater at concentrations exceeding background 
and the MCL. Selenium should be retained as a COC. 

D.2.2.6.6. Carbon-14  

Carbon-14 was used at the Site and is currently above background, but below the 
MCL in downgradient HSU-1 groundwater. Carbon-14 was not detected in Data Gaps grab 
groundwater sample LF1-2. Contamination detected in the downgradient groundwater 
samples may also originate from the upgradient/crossgradient Waste Burial Holes area. Site 
characterization data indicate the Waste Burial Holes area contains significantly more 
carbon-14 contamination in vadose zone soil than Landfill Unit 1. However, modeling 
suggests that carbon-14 in Landfill Unit 1 may impact local groundwater at concentrations 
exceeding background and the MCL.  Carbon-14 should be retained as a COC. 
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D.2.3. Landfill Unit 2 

D.2.3.1. Groundwater Risk Estimate 

The Landfill Unit 2 DL COPCs are acetone, 1,3-butadiene, carbon disulfide, 
chloroform, 1,1-dichloroethane, 1,1-dichloroethene, 1,2-dichloropropane, 1,4-dioxane, 
formaldehyde, methyl ethyl ketone, styrene, tetrachloroethene, toluene, 1,1,2-trichloroethane, 
xylenes, cadmium, silver, carbon-14, strontium-90 and uranium-235. Maximum groundwater 
concentrations, maximum Site concentrations and the NUFT modeling results for DL COPCs 
are shown in Table D-8. The three-step risk estimate is shown in Table D-14 and discussed 
below.  

Step 1 (Groundwater Background Comparison) - DL COPCs groundwater data 
collected from downgradient HSU-1 wells UCD1-008, UCD1-009, UCD1-012, UCD1-013, 
UCD1-049, UCD1-050, UCD1-051 and UCD1-066 and Data Gaps grab groundwater 
samples LF2-1, LF2-2, LF2-3 and LF2-4 (see Table 2-4) were compared to groundwater 
background.  It should be noted that the wells are also downgradient of the Eastern Trenches 
area. Wells UCD1-008 and UCD1-013 are also downgradient of the Waste Burial Holes area. 
Acetone, carbon disulfide, chloroform, 1,1-dichloroethane, 1,1-dichloroethene, 1,2-
dichloropropane, 1,4-dioxane, methyl ethyl ketone, tetrachloroethene, toluene and 1,1,2-
trichloroethane were detected in downgradient HSU-1 groundwater. Chloroform, 1,1-
dichloroethene and formaldehyde were detected in Data Gaps grab groundwater samples. 
Impacts to downgradient groundwater by 1,3-butadiene could not be evaluated in Step 1 of 
the risk estimate because no 1,3-butadiene samples were collected at the Site within the past 
ten years. Formaldehyde, styrene, xylenes, strontium-90 and uranium-235 were not detected 
in samples collected from the downgradient HSU-1 wells. Acetone, carbon disulfide, 1,1-
dichloroethane, 1,2-dichloropropane, methyl ethyl ketone, styrene, tetrachloroethene, toluene, 
1,1,2-trichloroethane, xylenes, cadmium, silver, strontium-90 and uranium-235 were not 
detected in Data Gaps grab groundwater samples. Cadmium, silver and carbon-14 
concentrations in downgradient groundwater samples were above background. Carbon-14 
was above background in Data Gaps grab groundwater sample LF2-4. Acetone, carbon 
disulfide, chloroform, 1,1-dichloroethane, 1,1-dichloroethene, 1,2-dichloropropane, 1,4-
dioxane, methyl ethyl ketone, tetrachloroethene, toluene, 1,1,2-trichloroethane, cadmium, 
silver and carbon-14 were identified as COPGWCs in risk estimate Step 1 due to their 
presence in disposal unit and/or downgradient HSU-1 groundwater (Table D-14). 

Step 2 (Comparison of maximum soil (or soil gas) concentration to Background and 
NUFT Result) – Modeling results indicate it is unlikely that the low concentrations of 1,3-
butadiene and styrene detected in Landfill Unit 2 soil gas samples will impact groundwater.  
Formaldehyde is predicted to impact groundwater above the RSL and CNL. The comparison 
indicates xylenes will impact groundwater below the MCL. Maximum soil concentration data 
and modeling results indicate strontium-90 and uranium-235 will remain below groundwater 
background and the MCLs. 1,3-Butadiene, styrene, strontium-90 and uranium-235 were 
eliminated in Step 2 of the risk estimate (Table D-14). 

Step 3 (Predicted Time to Peak Impact) – The peak concentration of formaldehyde is 
predicted to occur in 9 years. Xylenes are predicted to have reached their maximum 
concentration. No DL COPCs were eliminated in Step 3 of the risk estimate. 
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Based on the groundwater risk estimate process, all of the DL COPCs except 1,3-
butadiene, styrene, strontium-90 and uranium-235 were retained for further evaluation as 
COPGWCs.   

D.2.3.2. Percentage and Spatial Distribution of Samples Exceeding Background 

A localized area of VOCs contamination exists at the north end of Landfill Unit 2 and 
lesser concentrations were found in the southern half of the area.  Soil gas samples were 
collected at locations in the north, southeast and southwest ends of Landfill Unit 2 during the 
2008 Feasibility Study Data Gaps investigation. Chloroform was the primary VOC with a 
maximum soil gas concentration of 16,000 µg/m3 in the sample collected at 15 feet bgs at the 
north end of Landfill Unit 2. The highest concentrations of acetone, carbon disulfide, 1,1-
dichloroethane, 1,1-dichloroethene, 1,2-dichloropropane, tetrachloroethne, toluene and 
xylenes in soil gas were also found in samples collected at the north end of Landfill Unit 2. 
The concentration of methyl ethyl ketone was highest (61 µg/m3) at the southeast soil gas 
sampling location. The highest concentration of formaldehyde (175 µg/m3) was detected in 
the sample collected at 25 feet bgs near the southwest corner of the landfill. 

The detection frequencies/percentages for VOCs in soil gas were: 

• Acetone and toluene detected in seven out of nine (78%) soil gas samples;  

• Carbon disulfide, chloroform, methyl ethyl ketone, tetrachloroethene and xylenes 
detected in six out of nine samples (67%); 

• 1,1-dichloroethane and 1,2-dichloropropane detected in three samples each out of 
nine (33% detected); 

• 1,1-dichloroethene detected in two samples out of nine (22% detected); and, 

• 1,1,2-trichloroethane not detected in any soil gas samples.   

No spatial distribution data were available for 1,4-dioxane. 

Thirteen out of 40 (33%) of the cadmium soil sample results were detected above 
background in Landfill Unit 2. The highest concentration of cadmium (6.7 mg/kg) was 
detected in a sample collected at 2.5 feet bgs at the south border of Landfill Unit 2. The next 
five highest concentrations (1.6 mg/kg to 6.1 mg/kg) were located in the northwest quarter of 
Landfill Unit 2 at depths ranging from 2.5 feet bgs to 9.5 feet bgs. The remaining seven 
above-background samples were randomly distributed and span depth ranges of 0.5 feet bgs 
to 32.5 feet bgs.  

Seven out of 40 (18%) of the silver soil sample results were detected above 
background in Landfill Unit 2. The five highest concentrations (4.5 mg/kg to 38.1 mg/kg) 
were located in the northwest quarter of the landfill at depths ranging from 2.5 ft bgs to 12.3 
ft bgs. The remaining two above-background concentrations were located near the southern 
boundary of Landfill Unit 2 at depths of 0.5 feet bgs and 2.5 feet bgs. 
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Eight out of 40 (20%) of the carbon-14 soil sample results exceeded background in 
Landfill Unit 2.  The highest detected concentration of carbon-14 (4.2 +/- 1.4 pCi/g) was 
located near the south landfill boundary at 0.3 feet bgs. The maximum had a field duplicate 
concentration of 2.0 +/- 1.2 pCi/g. Three more above-background samples were clustered 
near the maximum at depths ranging from 2.5 feet bgs to 12.5 feet bgs.  Two more above-
background samples were located in the northwest quarter of the landfill at depths of 7.5 feet 
bgs and 30 feet bgs in the same boring. 

D.2.3.3. Degradation and Decay of Contaminants of Potential Concern 

Acetone, formaldehyde, toluene and xylenes are expected to degrade quickly upon 
reaching groundwater. The published range of degradation half lives in groundwater for 
acetone is 2 to 14 days, for formaldehyde is several hours to 14 days, for toluene is 7 days to 
4 weeks, and for xylenes is 2 weeks to 12 months (Howard, 1991; Glancer-Soljan et al., 
2001).  See Section D.2.1.3 for additional discussion on formaldehyde degradation. 

Carbon disulfide, chloroform, 1,1-dichloroethane, 1,1-dichloroethene, 1,2-
dichloropropane, 1,4-dioxane, methyl ethyl ketone, tetrachloroethene, 1,1,2-trichloroethane, 
cadmium and silver may also degrade in groundwater, but are assumed to not undergo any 
significant degradation for the purposes of this evaluation. 

Although 1,1-dichloroethene and 1,1,2-trichloroethane were not assumed to undergo 
degradation, groundwater monitoring results for samples collected from downgradient HSU-
1 monitoring wells over the past 10 years indicated declining concentration trends for these 
compounds. The concentration of 1,1-dichloroethene in downgradient wells steadily declined 
throughout the 10 year period and remained below the MCL (6 µg/L) in 2007, 2008 and the 
first half of 2009. 1,1,2-Trichloroethane has shown an overall declining trend in groundwater 
and been below the MCL (5 µg/L) in downgradient wells UCD1-012, UCD1-049 and UCD1-
051 since 2005, but remained above the MCL in downgradient well UCD1-050 (24 µg/L on 
February 4, 2009).  

Carbon-14 is not a naturally occurring isotope and has a half life of 5,730 years.  

D.2.3.4. Uncertainty 

The objective of this section is to discuss the major sources of uncertainty that are 
specific to the assessment of Landfill Unit 2. 

D.2.3.4.1. Analytical Issues 

Soil gas samples collected in 2008 were used to characterize VOC distribution in 
Landfill Unit 2. No data quality issues were identified for VOC soil gas data except two 
qualified formaldehyde results. The formaldehyde sample collected at 25 feet bgs from the 
southeast soil gas point was qualified approximate (J) due to exceeded holding time. This 
sample was analyzed 1 day outside of the 14 day holding time and the effect on analytical 
accuracy is likely negligible. 

No 1,4-dioxane soil sample data were available for Landfill Unit 2. 
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Soil sample data were used to characterize cadmium, silver and carbon-14 at Landfill 
Unit 2. None of the 40 cadmium results were qualified. Twenty cadmium results were not 
detected, having detection limits above background (0.51 mg/kg).  The range of above-
background detection limits for cadmium non-detect results was 1 mg/kg to 1.2 mg/kg, 
except one sample with a detection limit of 11.2 mg/kg. Above-background cadmium 
concentrations could exist at these 20 sample locations, but the data show that 19 locations do 
not exceed background by more than a factor of 2.5. 

One of 38 silver results was qualified as not detected (U) due to blank contamination. 
This qualified result was below background and has no effect on data quality. 

Six out of 40 of the carbon-14 results were qualified as approximate (J) due to matrix 
spike recovery outside control limits. One result was qualified for trace activity-concentration 
above the detection limit (J) and another for trace activity-concentration below the detection 
limit (UJ). Adding or subtracting the counting error to these trace results would place the 
activity-concentration above or below the detection limit, respectively. 

D.2.3.4.2. Data Representativeness 

In 2008, soil gas samples were collected at the north, southeast and southwest regions 
of Landfill Unit 2 at depths of 5, 15 and 25 feet bgs. The 2008 soil gas data provided 
quantitative vertical and lateral characterization within the landfill, but did not delineate 
lateral extent beyond the landfill boundaries.  VOC migration is not expected to extend a 
significant distance laterally beyond Landfill Unit 2 due to low permeability native soil 
surrounding the disposal cells. VOC data from soil samples collected in 1995 and 1996 were 
used qualitatively to verify the location of VOC concentrations in Landfill Unit 2, but these 
data were not used quantitatively due to accuracy issues associated with older sampling 
techniques that may not have prevented VOC losses during sample transport and storage. 
VOC data for four downhole soil gas flux samples collected in 1999 and for passive soil gas 
samples collected in 1998 were also used qualitatively to verify the location of VOC 
concentrations in Landfill Unit 2.    

Landfill Unit 2 soil sampling consisted of discretionary grab samples and soil boring 
samples collected at depths ranging from ground surface to 32.5 feet bgs. Cadmium, silver 
and carbon-14 soil sampling covers the lateral and vertical extent of the known potential 
source areas.  The soil samples were collected and analyzed according to Superfund risk 
assessment data quality standards.  These data are sufficient for characterizing the soil 
column in Landfill Unit 2.  No data gaps were identified.  

VOCs data from downgradient HSU-1 groundwater wells are representative of 
Landfill Unit 2 and the Eastern Trenches area. Concentrations of VOCs in soil gas at Landfill 
Unit 2 and the Eastern Trenches area are comparable, indicating both areas contribute 
significantly to VOC impacts measured in the downgradient HSU-1 groundwater wells. 
Wells UCD1-008 and UCD1-013 are downgradient of Landfill Unit 2, Eastern Trenches and 
Waste Burial Holes areas. Data Gaps grab groundwater samples collected in 2008 were 
located within Landfill Unit 2 and upgradient of all other VOC sources. The grab sample 
VOC results are representative of Landfill Unit 2. The Waste Burial Holes area contains 
significantly more carbon-14 contamination than the other two areas, indicating the Waste 
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Burial Holes area is the most likely source of carbon-14 in downgradient HSU-1 
groundwater. These complications with distinguishing sources of contamination should be 
considered when evaluating Landfill Unit 2 groundwater impacts. Data Gaps grab 
groundwater sample LF2-4 is located near the southern boundary of Landfill Unit 2 and 
downgradient of the Waste Burial Holes area. The detected concentration of carbon-14 in 
sample LF2-4 likely originated from the Waste Burial Holes area. 

D.2.3.5. Relation of Contaminants of Potential Groundwater Concern to Site 
Operations 

Landfill Unit 2 was operated from 1956 to 1967 and contains waste materials 
composed of glass, metal and burned material including ash, charcoal and melted glass.  The 
disposed wastes contained organic solvents, metals and carbon-14 constituents likely or 
known to be associated with LEHR Site operations.  

Acetone and methyl ethyl ketone are common solvents that were possibly used in 
LEHR operations. Carbon disulfide may have been used as a non-polar solvent, but is 
commonly associated with the synthesis of organosulfur compounds. Chloroform was used at 
the Site and is a common anesthetizing agent and solvent. 1,1-dichloroethane, 1,1,2-
trichloroethane, 1,1-dichloroethene, 1,2-dichloropropane and 1,4-dioxane can be used as 
solvents or fumigants and are possibly associated with LEHR operations. Formaldehyde was 
used at the Site and its common uses include tissue fixative, disinfectant and embalming 
agent. The solvent tetrachloroethene is possibly associated with LEHR operations, but its use 
is commonly associated with dry cleaning operations. Toluene and xylenes are components 
of gasoline and are common non-polar solvents. As components of gasoline, toluene and 
xylenes were used at the Site. Cadmium is most commonly used in nickel-cadmium batteries 
and this type of battery was likely used at the Site. Silver has numerous applications 
including electronic equipment and was likely used at the Site. Carbon-14 is a radioactive 
tracer/radiolabel that was used in experiments at LEHR.  

D.2.3.6. Risk Characterization Summary and Recommendations Regarding 
Contaminants of Concern at the Landfill Unit 2 Area 

The risk characterization summary for Landfill Unit 2 is presented in Table D-20 and 
discussed below. 

D.2.3.6.1. Acetone 

Acetone was possibly used at the Site.  The maximum concentration of acetone in 
downgradient HSU-1 groundwater was approximately two orders of magnitude below the 
RSL.  These acetone groundwater data were frequently qualified due to laboratory 
contamination. Acetone was not detected in the Data Gaps grab groundwater samples. 
However, soil gas data indicate significant concentrations of acetone are present in vadose 
zone soil (3,900 µg/m3 maximum).  Modeling suggests acetone will reach a peak 
concentration of 2,200 μg/L in groundwater in 12 years, and this groundwater concentration 
is below the RSL of 22,000 μg/L.  The modeling does not account for the rapid degradation 
of acetone that occurs in groundwater (Howard, 1991), however, so peak impact will likely 
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be significantly less than predicted.  However, because the predicted groundwater impact is 
well above background, acetone should be retained as a COC. 

D.2.3.6.2. Carbon Disulfide 

Carbon disulfide was possibly used at the Site, but was detected only once in 
downgradient HSU-1 groundwater (less than 1% detection frequency) at a concentration 
more than three orders of magnitude below the RSL and two orders of magnitude below the 
CNL. Carbon disulfide was not detected in the Data Gaps grab groundwater samples. Carbon 
disulfide concentrations in soil gas were low (140 µg/m3 maximum). Modeling suggests 
carbon disulfide will remain well below the RSL and CNL. Carbon disulfide should not be 
retained as a COC due to its low concentration and infrequent detection in groundwater, low 
concentration in soil gas and insignificant predicted impact. 

D.2.3.6.3. Chloroform 

Chloroform was used at the Site and is currently impacting groundwater above the 
MCL and California EPA cleanup goal.  Chloroform in downgradient groundwater is likely 
combination of disposal trench/cell sources in Landfill Unit 2 and the Eastern Trenches area. 
Modeling suggests groundwater concentrations will peak above the groundwater goals in 24 
years. Significant concentrations of chloroform were detected in soil gas (9,600 µg/m3 
maximum). Chloroform should be retained as a COC. 

D.2.3.6.4. 1,1-Dichloroethane 

1,1-dichloroethane was possibly used at the Site and is currently impacting 
downgradient HSU-1 groundwater above the MCL.  Concentrations of 1,1-dichloroethane in 
downgradient groundwater likely originate from sources in the Eastern Trenches area and 
Landfill Unit 2. 1,1-dichloroethane was not detected in the Data Gaps grab groundwater 
samples. Modeling suggests groundwater concentrations will peak above the MCL in 10 
years. The maximum detected concentration of 1,1-dichloroethane in soil gas was 1,600 
µg/m3. 1,1-dichloroethane should be retained as a COC. 

D.2.3.6.5. 1,1-Dichloroethene 

1,1-dichloroethene was possibly used at the Site. The concentration of 1,1-
dichloroethene in downgradient HSU-1 wells has steadily declined throughout the past 10 
year period and remained below the MCL (6 µg/L) in 2007, 2008 and the first half of 2009.  
A low concentration (0.7 µg/L) of 1,1-dichloroethene was detected in Data Gaps grab 
groundwater sample LF2-1. The maximum detected concentration of 1,1-dichloroethene in 
soil gas was 390 µg/m3. Modeling suggests groundwater concentrations will remain below 
the MCL. 1,1-dichloroethene should not be retained as a COC due to its low concentration in 
downgradient HSU-1 groundwater, declining concentration trend, low mass in vadose zone 
soil gas and predicted impact below the MCL. 

D.2.3.6.6. 1,2-Dichloropropane 

1,2-dichloropropane was possibly used at the Site and is currently detected in 
downgradient HSU-1 groundwater at concentrations below the MCL.  Concentrations of 1,2-
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dichloropropane in downgradient groundwater likely originate from sources in the Eastern 
Trenches area and Landfill Unit 2. However, 1,2-dichloropropane was not detected in the 
Data Gaps grab groundwater samples. Modeling suggests groundwater concentrations will 
peak above the MCL in 10 years. The maximum detected concentration of 1,2-
dichloropropane in soil gas was 910 µg/m3. 1,2-dichloropropane should be retained as a 
COC. 

D.2.3.6.7. 1,4-Dioxane 

1,4-dioxane was possibly used at the Site. Although groundwater data are limited for 
1,4-dioxane, the data indicate 1,4-dioxane is impacting downgradient HSU-1 groundwater 
above the CNL and RSL.  Modeling suggests groundwater concentrations will peak above 
these goals in 8 years. 1,4-dioxane is a semivolatile organic compound and no soil sample 
data have been collected to characterize its presence or extent at Landfill Unit 2. Without soil 
data to define the 1,4-dioxane source it is not possible to determine whether the groundwater 
contamination is originating from the Eastern Trenches area, Waste Burial Holes area or 
Landfill Unit 2. 1,4-dioxane should be retained as a COC. 

D.2.3.6.8. Formaldehyde 

Formaldehyde was used at the Site. The only formaldehyde samples collected from 
downgradient HSU-1 groundwater monitoring wells within the past ten years were from 
wells UCD1-013 and UCD1-066 in 2009. Formaldehyde was not detected in either of the two 
samples. Low concentrations of formaldehyde (4 µg/L) were detected in two of three Data 
Gaps grab groundwater samples. The maximum formaldehyde concentration in soil gas was 
175 µg/m3.  Formaldehyde is expected to biodegrade quickly upon reaching groundwater. 
Without degradation, modeling predicts formaldehyde will impact groundwater above the 
RSL and CNL in 9 years. Formaldehyde should not be retained as a COC because it is 
expected to biodegrade quickly upon reaching groundwater and recent groundwater 
monitoring data indicates that formaldehyde is not significantly impacting groundwater.  

D.2.3.6.9. Methyl Ethyl Ketone 

Methyl ethyl ketone was possibly used at the Site, but was not detected in the Data 
Gaps grab groundwater samples and has not been detected in downgradient HSU-1 
groundwater since 2000. Modeling suggests groundwater concentrations will peak in 11 
years, but remain well below the RSL. Concentrations of methyl ethyl ketone in soil gas were 
low (1.4 µg/m3 to 61 µg/m3). Methyl ethyl ketone should not be retained as a COC due to its 
low concentration (or possible absence) in groundwater, low soil gas concentrations, and 
insignificant predicted impact. 

D.2.3.6.10. Tetrachloroethene 

Tetrachloroethene was possibly used at the Site and was detected in downgradient 
HSU-1 groundwater at concentrations below the MCL.  Tetrachloroethene was not detected 
in the Data Gaps grab groundwater samples. Modeling suggests groundwater concentrations 
are currently at their peak and will remain below the MCL. The maximum concentration of 
tetrachloroethene in soil gas was 2,600 µg/m3. Tetrachloroethene should not be retained as a 
COC due to its current low concentration in groundwater and insignificant predicted impact. 
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D.2.3.6.11. Toluene 

Toluene was used at the Site, but has not been detected in downgradient HSU-1 
groundwater since 2002. Toluene was not detected in the Data Gaps grab groundwater 
samples. The maximum concentration of toluene in soil gas was 8,000 µg/m3. Modeling 
suggests groundwater concentrations will peak in 13 years, but remain below the MCL. 
Toluene is expected to biodegrade quickly if it does reach groundwater.  Toluene should not 
be retained as a COC due to its absence in groundwater, insignificant predicted impact and 
fast groundwater biodegradation rate. 

D.2.3.6.12. 1,1,2-Trichloroethane 

1,1,2-trichloroethane was possibly used at the Site. Groundwater monitoring data 
from downgradient HSU-1 monitoring wells indicate an overall declining concentration 
trend.  1,1,2-trichloroethane has been below the MCL (5 µg/L) in downgradient wells UCD1-
012, UCD1-049 and UCD1-051 since 2005, but remained above the MCL in downgradient 
well UCD1-050 (24 µg/L on February 4, 2009).  1,1,2-trichloroethane was not detected in the 
Data Gaps grab groundwater samples. 1,1,2-trichloroethane was not detected in soil gas 
samples collected in 2008, but low concentrations were detected in soil samples collected 14 
years ago. Assuming soil vapor concentrations at the maximum detection limit, modeling 
suggests groundwater concentrations could peak above the MCL in 12 years. 1,1,2-
trichloroethane should not be retained as a COC due to its absence in soil gas and declining 
concentration in groundwater. 

D.2.3.6.13. Xylenes 

Xylenes were used at the Site but were not detected in groundwater. The maximum 
concentration of xylenes in soil gas was 320 µg/m3. Modeling suggests xylenes have reached 
their peak concentration in groundwater and will remain below the MCL. Xylenes are 
expected to biodegrade quickly if they reach groundwater.  Xylenes should not be retained as 
a COC due to their absence in groundwater, insignificant predicted impact and fast 
groundwater biodegradation rate. 

D.2.3.6.14. Cadmium 

Cadmium was possibly used at the Site. Concentrations of cadmium in downgradient 
HSU-1 groundwater were above background, but below the MCL. Cadmium was not 
detected in Data Gaps grab groundwater sample LF2-4. The maximum concentration of 
cadmium in Landfill Unit 2 soil was 6.7 mg/kg. Analytical uncertainty was identified for half 
of the cadmium soil sample results due to high detection limits. Modeling suggests that 
cadmium should be impacting groundwater at concentrations exceeding background and the 
MCL.  Cadmium should be retained as a COC. 

D.2.3.6.15. Silver 

Silver was possibly used at the Site. Concentrations of silver in downgradient HSU-1 
groundwater were above background and more than three orders of magnitude below the 
MCL. Silver was not detected in Data Gaps grab groundwater sample LF2-4. The maximum 
concentration of silver in Landfill Unit 2 soil was 38.1 mg/kg. Modeling suggests that silver 
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in Landfill Unit 2 will impact groundwater at concentrations above background and below 
MCL. Peak impact is predicted to occur in 5,000 years.  Silver should not be retained as a 
COC due to its low concentration in groundwater, predicted impact below the MCL and 
predicted long time until peak impact. 

D.2.3.6.16. Carbon-14  

Carbon-14 was used at the Site and is currently above background and near the 
MCLs in downgradient HSU-1 groundwater. Carbon-14 was above background, but more 
than two orders of magnitude below the MCL in Data Gaps grab groundwater sample LF2-4. 
Most of the groundwater contamination is likely due to carbon-14 originating from the Waste 
Burial Holes area. Site characterization data indicate the Waste Burial Holes area contains 
significantly more carbon-14 contamination than Landfill Unit 2. However, modeling 
suggests that carbon-14 in Landfill Unit 2 will impact HSU-1 groundwater at concentrations 
above background and the MCL.  Carbon-14 should be retained as a COC. 

D.2.4. Landfill Unit 3 

D.2.4.1. Groundwater Risk Estimate 

The Landfill Unit 3 DL COPCs are acetone, formaldehyde, toluene, antimony, 
barium, cadmium, copper, manganese, silver, carbon-14, strontium-90, tritium and uranium-
235. Maximum groundwater monitoring concentrations, maximum Site characterization 
concentrations and the NUFT modeling results for DL COPCs are shown in Table D-9. The 
three-step risk estimate is shown in Table D-15 and discussed below.  

Step 1 (Groundwater Background Comparison) - DL COPCs groundwater data 
collected from downgradient HSU-1 wells UCD1-010 and UCD1-064 and Data Gaps grab 
groundwater sample LF3-2 (see Table 2-4) were compared to groundwater background.  
Acetone was detected in downgradient HSU-1 groundwater. Formaldehyde impacts in 
downgradient groundwater could not be evaluated in Step 1 of the risk estimate because no 
groundwater data were available within the past ten years. Toluene was not detected in 
samples collected from the downgradient HSU-1 wells. Antimony, barium, manganese, 
silver, strontium-90, tritium and uranium-235 concentrations in downgradient groundwater 
were below background. Antimony, barium, cadmium, manganese, silver, carbon-14, 
strontium-90, tritium and uranium-235 concentrations were below background in the Data 
Gaps grab groundwater sample. Cadmium, copper and carbon-14 concentrations in 
downgradient groundwater samples were above background. Copper was above background 
in the Data Gaps grab groundwater sample. Acetone, cadmium, copper and carbon-14 were 
identified as COPGWCs in risk estimate Step 1 due to their presence in disposal unit and/or 
downgradient HSU-1 groundwater (Table D-15). 

Step 2 (Comparison of maximum soil (or soil gas) concentration to Background and 
NUFT Result) – Maximum soil gas concentrations and designated levels indicate 
formaldehyde will impact groundwater above the RSL and CNL and toluene will impact 
groundwater below the MCL. Based on the comparison, antimony, barium and manganese 
are predicted to impact groundwater above background and MCLs. Silver is predicted to 
impact groundwater above background. Modeling results and soil data indicate strontium-90 
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and uranium-235 will remain below background and the MCLs in groundwater. Tritium is 
predicted to impact groundwater above background and the MCL, but tritium is below 
background in soil. Strontium-90, tritium and uranium-235 were eliminated in Step 2 of the 
risk estimate (Table D-15). 

Step 3 (Predicted Time to Peak Impact) – Modeling suggests formaldehyde, toluene 
and barium are at their peak concentrations in groundwater. Antimony, manganese and silver 
are predicted to reach their peak groundwater concentrations in 31,000 years, 480,000 years 
and 87,000 years, respectively. Antimony, manganese and silver were eliminated in Step 3 of 
the risk estimate. 

Based on the groundwater risk estimate process, acetone, formaldehyde, toluene, 
barium, cadmium, copper and carbon-14 were retained for further evaluation as COPGWCs 
(Table D-15).   

D.2.4.2. Percentage and Spatial Distribution of Samples Exceeding Background 

VOCs exist at the northeast corner of Landfill Unit 3.  Soil gas samples collected in 
2008, during the Feasibility Study Data Gaps investigation, targeted the VOCs. Low 
concentrations of acetone, formaldehyde and toluene were detected in the soil gas samples. 
Acetone was detected at 5 feet bgs (160 µg/m3) and 25 feet bgs (110 µg/m3), but not at 15 
feet bgs (67% detected). Formaldehyde was detected in all (100%) of the Landfill Unit 3 soil 
gas samples.   Toluene was detected at 5 feet bgs (61 µg/m3) and 25 feet bgs (89 µg/m3), but 
not at 15 feet bgs (67% detected).  

Eight out of 38 (21%) of the barium soil sample results exceeded background in 
Landfill Unit 3. Four of the above-background samples, including the highest detected 
barium concentration (968 mg/kg), were localized in the northeast quarter of this disposal 
area at depths ranging from 1.3 feet bgs to 32.5 feet bgs. Five other above-background 
samples, including the second highest barium concentration (500 mg/kg) were localized 
along an east-west line spanning the southern third of the area at depths ranging from 0.3 feet 
to 25 feet bgs. 

Fourteen out of 38 (37%) of the cadmium soil sample results exceeded background in 
Landfill Unit 3. Groups of above-background samples were located in the northern and 
southern thirds of the landfill. The northern group consisted of 11 samples with cadmium 
concentrations ranging from 0.89 mg/kg to 20 mg/kg and depths ranging from 1.3 feet bgs to 
32.5 feet bgs. The southern group consisted of three samples (1.7 mg/kg to 12 mg/kg) located 
at depths ranging from 4 feet bgs to 8.5 feet bgs. 

Eleven out of 38 (29%) of the copper soil sample results exceeded background in 
Landfill Unit 3. Again, groups of above-background samples were located in the northern 
and southern thirds of the landfill. The northern group consisted of 7 samples with copper 
concentrations ranging from 84.8 mg/kg to 684 mg/kg and depths ranging from ground 
surface to 10 feet bgs. The southern group of above-background samples consists of three 
samples (82.1 mg/kg to 1,700 mg/kg) located at depths ranging from 0.3 feet bgs to 8.5 feet 
bgs. 
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Carbon-14 was detected above background in seven out of 38 sample results in the 
Landfill Unit 3 area (18% above background).  All but one of the above-background samples 
were located in the northern third of the landfill. The maximum concentration (3.77 +/- 0. 45 
pCi/g) was located at ground surface in the center of the northern group of above-background 
samples. The second highest concentration (1.29 +/- 0.66 pCi/g) was located at 14 feet bgs, 
directly below the Site maximum.  The third highest concentration (1.25 +/- 0.64 pCi/g) was 
located at ground surface near the center of the landfill and surrounded by non-detect 
samples. 

D.2.4.3. Degradation and Decay of Contaminants of Potential Concern 

Acetone, formaldehyde and toluene are expected to degrade quickly upon reaching 
groundwater. The published range of degradation half lives for acetone in groundwater is 2 to 
14 days, for formaldehyde in groundwater is several hours to 14 days, and for toluene in 
groundwater is 7 days to 4 weeks (Howard, 1991; Glancer-Soljan et al., 2001).  See Section 
D.2.1.3 for additional discussion on formaldehyde degradation.  Barium, cadmium and 
copper are assumed to not undergo significant degradation. 

Carbon-14 is not a naturally occurring isotope and has a half life of 5,730 years.  

D.2.4.4. Uncertainty 

The objective of this section is to discuss the major sources of uncertainty that are 
specific to the assessment of Landfill Unit 3. 

D.2.4.4.1. Analytical Issues 

Soil gas samples collected in 2008 were used to characterize VOC distribution in 
Landfill Unit 3. No analytical issues were identified for acetone, formaldehyde and toluene 
soil gas data.  

Soil sample data were used to characterize barium, cadmium, copper and carbon-14 
at Landfill Unit 3. Barium and copper were detected in all of the soil characterization samples 
with no data validation qualifiers.  

None of the 38 cadmium results were qualified, but twenty-four results were not 
detected with detection limits above background (0.51 mg/kg).  The range of above-
background detection limits for non-detect results was 1 mg/kg to 1.3 mg/kg. Above-
background cadmium concentrations could exist at 24 sample locations, but the non-detect 
results show that the concentrations did not exceed background by more than a factor of 2.5. 

Six out of 38 of the carbon-14 results were qualified as approximate (J) due to matrix 
spike recovery outside control limits. One result was qualified for trace activity-concentration 
above the detection limit (J) and two for trace activity-concentration below the detection limit 
(UJ). Adding or subtracting the counting error to these trace results would place the activity-
concentration above or below the detection limit, respectively. 
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D.2.4.4.2. Data Representativeness 

Soil gas samples collected in 2008, during the Feasibility Study Data Gaps 
Investigation, targeted VOCs contamination in the northeast corner of Landfill Unit 3. The 
2008 soil gas data provided quantitative vertical characterization of the source area, but did 
not delineate the lateral extent.  VOC migration is not expected to extend a significant lateral 
distance beyond the Landfill Unit 3 boundary due to low concentrations in soil gas and low 
permeability native soil surrounding the landfill. Previous soil gas analyses did not detect 
significant VOCs in Landfill Unit 3 (Weiss, 2008). VOC data from soil samples collected in 
1995 and 1996 were used qualitatively to verify the location of VOC concentrations in 
Landfill Unit 3, but these data were not used quantitatively due to accuracy issues associated 
with older sampling techniques that may not have prevented VOC losses during sample 
transport and storage. 

Landfill Unit 3 soil sampling consisted of discretionary grab samples and soil boring 
samples collected at depths ranging from ground surface to 35 feet bgs. Barium, cadmium, 
copper and carbon-14 soil sampling covers the lateral and vertical extent of the known 
potential source areas.  The soil samples were collected and analyzed according to Superfund 
risk assessment data quality standards.  These data are sufficient for characterizing the soil 
column at Landfill Unit 3.  No data gaps were identified.  

Downgradient groundwater sample data used in this evaluation were from wells 
UCD1-010 and UCD1-064. The HSU-1 groundwater flow direction is generally toward the 
northeast.  Well UCD1-010 is located at the northeast corner of Landfill Unit three and well 
UCD1-064 is located at the east boundary. Both wells are downgradient of Landfill Unit 3. 
Well UCD1-064 was recently installed and sampled once at the time this evaluation was 
conducted. A limited number of samples were collected from well UCD1-010 during the past 
ten years. One sample each was collected from wells UCD1-010 and UCD1-064 for barium, 
cadmium and copper analysis. Four carbon-14 samples were collected from UCD1-010 and 
one carbon-14 sample was collected from UCD1-064. Fourteen VOC (acetone and toluene) 
samples were collected from UCD1-010 and one VOC sample was collected from UCD1-
064. Well UCD1-064 was sampled for formaldehyde in 2009, but the container broke during 
transit to the laboratory. No groundwater data were available for formaldehyde. On 
September 19, 2008, Data Gaps grab groundwater sample LF3-2 was collected at the 
downgradient northeast corner of Landfill Unit 3 and was analyzed for antimony, barium, 
cadmium, copper, manganese, silver, carbon-14, strontium-90, tritium and uranium-235. 

The Data Gaps grab groundwater sample and groundwater monitoring data collected 
at wells UCD1-010 and UCD1-064 are considered representative of Landfill Unit 3. Landfill 
Unit 1 is located upgradient to crossgradient and approximately 700 feet from Landfill Unit 
3.  The Waste Burial Holes area, Landfill Unit 2 and Eastern Trenches area are located 
mostly crossgradient and approximately 1,200 feet from Landfill Unit 3.  
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D.2.4.5. Relation of Contaminants of Potential Groundwater Concern to Site 

Operations 

Waste materials were disposed at Landfill Unit 3 from 1963 to 1967. Glass, rusted 
metal, concrete, gravel, bricks, ceramic material and other household and laboratory wastes 
were identified during investigations of the area.  

Acetone is a common solvent that was possibly disposed at Landfill Unit 3.  
Formaldehyde was used at LEHR/SCDS and its general uses include tissue fixative, 
disinfectant and embalming agent. Toluene is a component of gasoline and is a common non-
polar solvent. As a component of gasoline, toluene was used at the Site. Barium was possibly 
used at the Site and its common uses include drilling mud, radiocontrast agent for X-ray 
imaging and rat poison. Cadmium is most commonly used in nickel-cadmium batteries and 
this type of battery was likely used at the Site. Copper is a common conductive metal and 
was undoubtedly disposed at Landfill Unit 3.  Carbon-14 is a radioactive tracer/radiolabel 
that was used in experiments at LEHR.  

D.2.4.6. Risk Characterization Summary and Recommendations Regarding 
Contaminants of Concern at Landfill Unit 3 

The risk characterization summary is presented in Table D-21 and discussed below. 

D.2.4.6.1. Acetone 

Acetone was possibly used at the Site.  The maximum concentration of acetone in 
downgradient HSU-1 groundwater was more than three orders of magnitude below the RSL.  
Soil gas data indicate low concentrations of acetone are present in vadose zone soil (160 
µg/m3 maximum).  Modeling suggests acetone has reached its peak concentration in 
groundwater and will remain far below the RSL.  Acetone should not be retained as a COC 
because it has low toxicity, it degrades rapidly in groundwater, its maximum concentration in 
groundwater was more than three orders of magnitude below the RSL and modeling suggests 
it will remain far below the RSL. 

D.2.4.6.2. Formaldehyde 

Formaldehyde was used at LEHR/SCDS. A formaldehyde sample was collected from 
downgradient well UCD1-064 in May 2009, but the container broke during transport to the 
laboratory. Therefore, no data are available to evaluate formaldehyde presence in 
groundwater. The maximum concentration of formaldehyde in soil gas was 121 µg/m3, which 
is lower than maximum concentrations in Landfill Unit 2.  Modeling predicts formaldehyde 
should be impacting groundwater above the RSL and CNL; however, formaldehyde is 
expected to biodegrade quickly upon reaching groundwater.   Formaldehyde is not retained as 
a COC at this time based on low soil gas concentrations, biodegradability in groundwater, 
and lack of groundwater impact downgradient of Landfill Unit 2, which had higher 
formaldehyde concentrations in soil gas. The decision to include formaldehyde will be 
revisited when groundwater data for well UCD1-064 are available later in 2010. 
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D.2.4.6.3. Toluene 

Toluene was used at the Site, but was not detected in downgradient HSU-1 
groundwater and is expected to biodegrade quickly if it does reach groundwater.  
Concentrations of toluene in soil gas were low (61 µg/m3 to 89 µg/m3) and modeling suggests 
groundwater concentrations will remain below the MCL. Toluene should not be retained as a 
COC due to its absence in groundwater, low concentration soil gas, insignificant predicted 
impact and fast groundwater biodegradation rate. 

D.2.4.6.4. Barium 

Barium was possibly used at the Site. Concentrations of barium in HSU-1 
groundwater were below background and the MCL. The maximum concentration of barium 
in soil was 968 mg/kg. Modeling suggests that barium in Landfill Unit 3 should be impacting 
groundwater at concentrations exceeding background and the MCL.  Although there is no 
current evidence of groundwater impact from barium, it was retained as a COC to be 
conservative.  This decision will be revisited when additional groundwater barium data are 
available later in 2010. 

D.2.4.6.5. Cadmium 

Cadmium was possibly used at the Site. Concentrations of cadmium in downgradient 
HSU-1 groundwater were above background, but below the MCL. Cadmium was not 
detected in Data Gaps grab groundwater sample LF3-2. The maximum concentration of 
cadmium in Landfill Unit 2 soil was 20 mg/kg. Analytical uncertainty was identified for half 
of the cadmium soil sample results due to high detection limits. Modeling suggests that 
cadmium should be impacting groundwater at concentrations exceeding background and the 
MCL.  Cadmium should be retained as a COC. 

D.2.4.6.6. Copper 

Copper was used at the Site. Concentrations of Copper in groundwater were above 
background, but more than two orders of magnitude below the MCL. High concentrations of 
copper were detected in soil (1,700 mg/kg maximum). Modeling suggests that copper in 
Landfill Unit 3 will impact groundwater at concentrations exceeding background and the 
MCL, but the peak impact will not occur until 4,000 years.  Copper should be retained as a 
COC due to its presence in groundwater and predicted impact. 

D.2.4.6.7. Carbon-14  

Carbon-14 was used at the Site and is currently above background, but more than two 
orders of magnitude below the MCL in downgradient HSU-1 groundwater. Carbon-14 was 
not detected in Data Gaps grab groundwater sample LF3-2. The maximum detected 
concentration in soil was 3.77 +/- 0.45 pCi/g. Modeling suggests that carbon-14 in Landfill 
Unit 3 will impact local groundwater at concentrations exceeding background and the MCL.  
Carbon-14 should be retained as a COC. 
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D.2.5. Southern Trenches Area 

D.2.5.1. Groundwater Risk Estimate 

The Southern Trenches DL COPCs are acetone, carbon disulfide, methyl ethyl 
ketone, styrene and toluene. Maximum groundwater monitoring concentrations, maximum 
Site characterization concentrations and the NUFT modeling results for DL COPCs are 
shown in Table D-10. The three-step risk estimate is shown in Table D-16 and discussed 
below.  

Step 1 (Groundwater Background Comparison) - DL COPCs groundwater data 
collected from downgradient HSU-1 wells UCD1-008, UCD1-013 and UCD1-024 and Data 
Gaps grab groundwater sample ST-1 (see Table 2-4) were compared to groundwater 
background.  Acetone was detected in the Data Gaps grab groundwater sample and 
downgradient HSU-1 groundwater and identified as a COPGWC in risk estimate Step 1 
(Table D-16). Carbon disulfide, methyl ethyl ketone, styrene and toluene were not detected in 
samples collected from the downgradient HSU-1 wells or the Data Gaps grab groundwater 
sample.  

Step 2 (Comparison of maximum soil gas concentrations to Background and NUFT 
Results) – Modeling results indicate it is unlikely that the low concentrations of carbon 
disulfide and styrene detected in the Southern Trenches area soil gas samples will impact 
groundwater.  Modeling results and soil gas data indicate methyl ethyl ketone and toluene 
will be detected in local groundwater but remain below the RSL and MCL, respectively. 
Carbon disulfide and styrene were eliminated in Step 2 of the risk estimate (Table D-16). 

Step 3 (Predicted Time to Peak Impact) – Modeling predictions indicate methyl ethyl 
ketone and toluene have reached their peak concentrations in groundwater. No DL COPCs 
were eliminated in Step 3 of the risk estimate. 

Based on the groundwater risk estimate process, acetone, methyl ethyl ketone and 
toluene were retained for further evaluation as COPGWCs.   

D.2.5.2. Percentage and Spatial Distribution of Samples Exceeding Background 

Soil gas samples collected in 2008, during the Feasibility Study Data Gaps 
investigation targeted VOCs at the west end of the Southern Trenches area. Acetone, methyl 
ethyl ketone and toluene were detected in all of the soil gas samples (100% detected). The 
highest soil gas VOC concentration was 300 µg/m3 of acetone at 25 feet bgs. Concentrations 
of acetone at 5 feet bgs and 15 feet bgs were 74 µg/m3 and 63 µg/m3, respectively. Methyl 
ethyl ketone concentrations in soil gas ranged from 7.2 µg/m3 to 19 µg/m3 and toluene 
concentrations ranged from 17 µg/m3 to 34 µg/m3. 

D.2.5.3. Degradation and Decay of Contaminants of Potential Concern 

Acetone and toluene is expected to degrade quickly upon reaching groundwater. The 
published range of degradation half lives for acetone in groundwater is 2 to 14 days and for 
toluene in groundwater is 7 days to 4 weeks (Howard, 1991). Although methyl ethyl ketone 
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may also rapidly degrade in groundwater, no degradation is assumed for the purposes of this 
evaluation. 

D.2.5.4. Uncertainty 

The objective of this section is to discuss the major sources of uncertainty that are 
specific to the assessment of the Southern Trenches area. 

D.2.5.4.1. Analytical Issues 

Soil gas samples collected in 2008 were used to characterize VOC distribution in the 
Southern Trenches Area. Acetone, methyl ethyl ketone and toluene soil gas data had no 
validation qualifiers and all of the concentrations were detected within the calibrated range. 
The soil gas samples have no data quality issues. 

D.2.5.4.2. Data Representativeness 

Soil gas samples collected in 2008, during the Feasibility Study Data Gaps 
Investigation, targeted VOCs contamination at the west end of the Southern Trenches area. 
The 2008 soil gas data provided quantitative vertical characterization of the source area, but 
did not delineate the lateral extent.  VOC migration is not expected to extend a significant 
distance laterally beyond the Southern Trenches area due to low permeability native soil 
surrounding the disposal trenches. Previous soil gas analyses showed no significant VOCs in 
the area (Weiss, 2008a). VOC data from soil samples collected in 1996 were used 
qualitatively to verify the location of VOC concentrations in the Southern Trenches area, but 
these data were not used quantitatively due to accuracy issues associated with older sampling 
techniques that may not have prevented VOC losses during sample transport and storage. 

VOCs data from downgradient HSU-1 groundwater wells UCD1-008 and UCD1-013 
represent combined impacts from the Southern Trenches area, Landfill Unit 2 and Eastern 
Trenches area. Landfill Unit 2 and the Eastern Trenches area contain significantly more 
VOCs contamination than the Southern Trenches area and are closer to downgradient wells 
UCD1-008 and UCD1-013. Because the VOCs detected in the Southern Trenches are not 
unique to this are, the small fraction of Southern Trenches area VOCs reaching wells UCD1-
008 and UCD1-013 may not be distinguishable from the larger Landfill Unit 2 and the 
Eastern Trenches area contributions. Well UCD1-024 is upgradient of Landfill Unit 2 and the 
Eastern Trenches area.  There are other upgradient sources in DOE areas, but DOE areas do 
not contain VOC contamination. Therefore, VOC data from well UCD1-024 are considered 
representative of the Southern Trenches area. Data Gaps grab groundwater sample ST-1 was 
collected near the west end of the Southern Trenches area. This grab sample location is 
upgradient of other potential sources and is likely representative of the Southern Trenches 
area. 

D.2.5.5. Relation of Contaminants of Potential Groundwater Concern to Site 
Operations 

The Southern Trenches are two east-west oriented trenches that were operated 
between 1957 and 1965 (UC Davis, 2004). Waste materials identified in the trenches during 
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investigation activities include gravel, bones, animal feces and small amounts of laboratory 
waste.  

Acetone is potentially associated with LEHR operations and is a common solvent for 
rinsing laboratory glassware due to its low cost, volatility, and ability to dissolve in water.  
Methyl ethyl ketone is another common solvent with properties similar to acetone and was 
possibly used in LEHR operations. Toluene is a component of gasoline and is a common 
non-polar solvent. As a component of gasoline, toluene was used at the Site.  

D.2.5.6. Risk Characterization Summary and Recommendations Regarding 
Contaminants of Concern at the Southern Trenches Area 

The risk characterization summary is presented in Table D-22 and discussed below. 

D.2.5.6.1. Acetone 

Acetone was possibly used at the Site.  Maximum concentrations of acetone in 
downgradient HSU-1 groundwater and the Data Gaps grab groundwater sample were more 
than three orders of magnitude below the RSL.  Soil gas data indicate acetone is present in 
vadose zone soil (300 µg/m3 maximum).  Modeling suggests acetone has reached its peak 
concentration in groundwater and will remain far below the RSL.  Acetone should not be 
retained as a COC because it has low toxicity, it degrades quickly in groundwater, its 
maximum concentration in groundwater was more than three orders of magnitude below the 
RSL and modeling suggests acetone will remain far below the RSL. 

D.2.5.6.2. Methyl Ethyl Ketone 

Methyl ethyl ketone was possibly used at the Site, but was not detected in 
groundwater. Modeling suggests groundwater concentrations have reached their peak and 
will remain well below the RSL. Concentrations of methyl ethyl ketone in soil gas were low 
(7.2 µg/m3 to 19 µg/m3). Methyl ethyl ketone should not be retained as a COC due to its 
absence in groundwater, low soil gas concentrations and insignificant predicted impact. 

D.2.5.6.3. Toluene 

Toluene was used at the Site, but was not detected in groundwater and is expected to 
biodegrade quickly if it does reach groundwater.  Concentrations of toluene in soil gas were 
low (17 µg/m3 to 34 µg/m3) and modeling suggests groundwater concentrations have reached 
their peak and will remain far below the MCL. Toluene should not be retained as a COC due 
to its absence in groundwater, low concentration soil gas, insignificant predicted impact and 
fast groundwater biodegradation rate. 

D.2.6. Waste Burial Holes Area 

D.2.6.1. Groundwater Risk Estimate 

The Waste Burial Holes DL COPCs are acetone, benzene, chloroform, 1,3-
dichlorobenzene, 1,4-dioxane, formaldehyde, methyl ethyl ketone, toluene, carbon-14, 
strontium-90, tritium and uranium-238. Maximum groundwater monitoring concentrations, 
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maximum Site characterization concentrations and the NUFT modeling results for DL 
COPCs are shown in Table D-11. The three-step risk estimate is shown in Table D-17 and 
discussed below.  

Step 1 (Groundwater Background Comparison) - DL COPCs groundwater data 
collected from downgradient HSU-1 wells UCD1-008, UCD1-013 and UCD1-065 were 
compared to groundwater background.  It should be noted that wells UCD1-008 and UCD1-
013 are also downgradient of higher concentration VOC sources in Landfill Unit 2 and the 
Eastern Trenches area. Benzene, chloroform and 1,4-dioxane were detected in downgradient 
HSU-1 groundwater. Acetone, 1,3-dichlorobenzene, formaldehyde, methyl ethyl ketone and 
toluene were not detected. Carbon-14 and tritium concentrations in groundwater samples 
were significantly above background. Strontium-90 and uranium-238 were below 
background. Benzene, chloroform, 1,4-dioxane, carbon-14 and tritium were identified as 
COPGWCs in risk estimate Step 1 due to their presence above background in downgradient 
HSU-1 groundwater (Table D-17). 

Step 2 (Comparison of maximum soil (or soil gas) concentration to Background and 
NUFT Result) –Modeling results and soil gas data indicate 1,3-dichlorobenzene will impact 
groundwater above the MCL and formaldehyde will impact groundwater above the RSL and 
CNL. Based on the comparison, acetone and methyl ethyl ketone will be detected in local 
groundwater, but remain below the RSLs. Toluene is predicted to impact groundwater below 
the MCL. Soil data and modeling results indicate strontium-90 will remain below 
groundwater background and the MCL. Uranium-238 is predicted to impact groundwater 
above the MCL, but below groundwater background (uranium-238 MCL is below 
background). Strontium-90 was eliminated in Step 2 of the risk estimate (Table D-17). 
Methyl ethyl ketone was also eliminated in Step 2 because it was not detected in soil gas and 
the detection limit was reasonably low (34 µg/m3). 

Step 3 (Predicted Time to Peak Impact) – Modeling predictions indicate acetone, 1,3-
dichlorobenzene,  formaldehyde and toluene have reached their peak concentrations in 
groundwater. Uranium-238 is predicted to reach its peak concentration in 11,000 years and 
was eliminated in Step 3 of the risk estimate. 

Based on the groundwater risk estimate process, all of the DL COPCs except methyl 
ethyl ketone, strontium-90 and uranium-238 were retained for further evaluation as 
COPGWCs. 

D.2.6.2. Percentage and Spatial Distribution of Samples Exceeding Background 

Soil gas samples collected in 2008, during the Feasibility Study Data Gaps 
investigation targeted VOCs at the east end of the Waste Burial Holes area. The VOC 
concentrations were generally low or not detected. Acetone was detected at 5 feet bgs (140 
µg/m3) and 25 feet bgs (140 µg/m3), but not at 15 feet bgs (67% detected). Benzene and 
chloroform were not detected in any of the soil gas samples (0% detected). 1,3-
Dichlorobenzene was detected in the sample collected at 25 feet bgs (79 µg/m3) but not 
detected at 5 feet bgs or 15 feet bgs (33% detected). Formaldehyde was detected in all 
(100%) of the Waste Burial Holes soil gas samples. Toluene was detected in all (100%) of 
the Waste Burial Holes soil gas samples and had a maximum concentration of 110 µg/m3. 
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No spatial distribution data were available for 1,4-dioxane. 

Fifty-nine out of 108 (55%) of the carbon-14 soil sample results exceeded 
background in the Waste Burial Holes area.  The highest concentration of carbon-14 was in 
an isolated sample (1,442 +/- 84 pCi/g) and its field duplicate (100 +/- 13 pCi/g) located in 
the northwest corner of the Waste Burial Holes area at 7 feet bgs. Carbon-14 was below 
background (or not detected) in all of the samples surrounding the maximum. A cluster of 
above-background carbon-14 activity-concentrations (0.415 +/- 0.238 pCi/g to 15.7 +/- 7.3 
pCi/g) were located in/below sorted soil backfill in the eastern half of the area at depths 
ranging from 3.5 feet bgs to 19 feet bgs. Another cluster of above-background carbon-14 
activity-concentrations were located in/below sorted soil backfill in the northwestern quarter 
of the area, but separate from the maximum. 

Fifty-seven out of 108 (53 %) of the tritium soil sample results exceeded background 
in the Waste Burial Holes area.  The highest tritium concentration (902 +/- 8.09 pCi/g) was 
located at the west end of the northwest volume of sorted soil backfill at 9 feet bgs.  Above-
background tritium concentrations are distributed throughout the northwest volume of sorted 
soil backfill.  Significant tritium concentrations (up to 133 +/- 6.06 pCi/g) are also located 
below excavated holes in the eastern half of the area, near the north border. 

D.2.6.3. Degradation and Decay of Contaminants of Potential Concern 

Acetone, formaldehyde and toluene are expected to biodegrade quickly upon 
reaching groundwater. The published range of biodegradation half lives for acetone and 
formaldehyde in groundwater is 2 to 14 days, and the published range for toluene is 7 days to 
4 weeks (Howard, 1991). See Section D.2.1.3 for additional discussion on formaldehyde 
degradation.  Although benzene, chloroform, 1,3-dichlorobenzene and 1,4-dioxane may also 
degrade in groundwater, no degradation was assumed for the purposes of this evaluation. 

Carbon-14 is not a naturally occurring isotope and has a half life of 5,730 years. 
Tritium occurs naturally through atmospheric processes, but does not accumulate, and its 
natural abundance is negligible. Tritium has a half life of 12.33 years. 

D.2.6.4. Uncertainty 

The objective of this section is to discuss the major sources of uncertainty that are 
specific to the assessment of the Waste Burial Holes area. 

D.2.6.4.1. Analytical Issues 

Soil gas samples collected in 2008 were used to characterize VOC distribution in the 
Waste Burial Holes Area. Acetone, benzene, chloroform, 1,3-dichlorobenzene, 1,4-dioxane, 
formaldehyde and toluene soil gas data had no validation qualifiers.  

No 1,4-dioxane soil sample data were available. 

Soil sample data were used to characterize carbon-14 and tritium in the Waste Burial 
Holes area. Twenty-one of 93 carbon-14 results were qualified as approximate (J), including 
sixteen above-background results. Thirty-nine of the carbon-14 results were not detected, but 
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the detection limits ranging from 0.131 pCi/g to 11 pCi/g were above background (<0.13 
pCi/g). These non-detect data were treated as background in this evaluation, but it is 
uncertain whether the soil represented by these samples is below background due to the 
above-background detection limits. None of the radioanalytical laboratories considered for 
analysis of the data gaps investigation samples collected in 2008 were capable of achieving 
detection limits below the carbon-14 background level. Carbon-14 detection limits achieved 
by the selected laboratory for the 2008 data gaps samples ranged from 0.87 pCi/g to 0.94 
pCi/g. Thus, the existing carbon-14 background value is not a practical basis for background 
comparisons. 

Sixteen of 93 tritium results were qualified as approximate (J), including twelve 
above-background results. Again, thirty-nine results were not detected, but the detection 
limits ranging from 1.54 pCi/g to 6.43 pCi/g were above background (<1.2 pCi/g). These 
non-detect data were treated as below background in this evaluation, but it is uncertain 
whether the soil represented by these samples is below background due to the above-
background detection limits. The Data Gaps samples collected in 2008 had detection limits 
below tritium background. 

D.2.6.4.2. Data Representativeness 

Soil gas samples collected in 2008, during the Feasibility Study Data Gaps 
Investigation, targeted VOCs contamination at the east end of the Waste Burial Holes area. 
The 2008 soil gas data provided quantitative vertical characterization of the source area, but 
did not delineate the lateral extent.  VOC migration is not expected to extend a significant 
distance laterally beyond the Waste Burial Holes area due to low permeability native soil 
surrounding the area. VOC data from soil samples collected in 1995, 1996 and 1999 and 
from previous passive soil gas samples were used qualitatively to verify the location of VOC 
concentrations in the Waste Burial Holes Area, but these data were not used quantitatively.  

Waste Burial Holes area soil sampling consisted of discretionary grab samples and 
soil boring samples collected at depths ranging from ground surface to 35 feet bgs. Carbon-
14 and tritium soil sampling covers the lateral and vertical extent of the known potential 
source areas.  The soil samples were collected and analyzed according to Superfund risk 
assessment data quality standards.  These data are sufficient for characterizing the soil 
column in the Waste Burial Holes area.  No data gaps were identified.  

Sample data from downgradient HSU-1 groundwater wells UCD1-008 and UCD1-
013 may represent combined impacts from the Waste Burial Holes area, Eastern Trenches 
area and Landfill Unit 2. Wells UCD1-008 and UCD1-013 are likely representative of 
carbon-14 and tritium released from the Waste Burial Holes area because this area is known 
to contain significantly more carbon-14 and tritium contamination than the other areas. The 
Eastern Trenches area and Landfill Unit 2 contain more VOCs contamination than the Waste 
Burial Holes area. VOCs detected in samples collected from wells UCD1-008 and UCD1-
013 most likely originate from the Eastern Trenches area and/or Landfill Unit 2. Well UCD 
1-65 is located near the east border of the Waste Burial Holes area, away from other areas’ 
sources. Therefore, well UCD 1-65 is considered representative of the Waste Burial Holes 
area. 
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D.2.6.5. Relation of Contaminants of Potential Groundwater Concern to Site 

Operations 

From 1956 to 1974, waste materials including low-level radioactive materials, 
laboratory chemicals, vials, syringes, laboratory glassware and animal carcasses were 
disposed in waste burial holes. In 1999, the area was excavated to 12 feet bgs, waste 
materials were sorted from soil and the sorted soil was backfilled. Sorted waste was disposed 
off-site.   

Acetone was possibly associated with LEHR operations and is a common solvent for 
rinsing laboratory glassware due to its low cost, volatility, and ability to dissolve in water.  
Benzene and toluene are components of gasoline and were common non-polar solvents at the 
time the Waste Burial Holes area was operational. As components of gasoline, benzene and 
toluene were used at the Site. Chloroform was used at the Site and is a common anesthetizing 
agent and solvent. 1,3-dichlorobenzene can be used as a solvent and was possibly associated 
with LEHR operations. Formaldehyde was used at the Site and its common uses include 
tissue fixative, disinfectant and embalming agent. 1,4-dioxane can be used as a solvent or 
fumigant and was possibly associated with LEHR operations. Tritium and carbon-14 are 
radioactive tracers/radiolabels that were used in experiments at LEHR.  

D.2.6.6. Risk Characterization Summary and Recommendations Regarding 
Contaminants of Concern at the Waste Burial Holes Area 

The risk characterization summary is presented in Table D-23 and discussed below. 

D.2.6.6.1. Acetone 

Acetone was possibly used at the Site, but was not detected in downgradient HSU-1 
groundwater.  Soil gas data indicate low concentrations of acetone are present in vadose zone 
soil (140 µg/m3 maximum).  Modeling suggests acetone has reached its peak concentration in 
groundwater and will remain far below the RSL.  Acetone should not be retained as a COC 
because it has low toxicity, it degrades quickly in groundwater, was not detected in 
groundwater and modeling suggests it will remain far below the RSL. 

D.2.6.6.2. Benzene 

Benzene was used at the Site, and was detected in one of 15 downgradient HSU-1 
groundwater samples.  The single detected groundwater concentration was below the MCL. 
Benzene was not detected in soil gas. Modeling suggests the concentration of benzene in 
groundwater has reached its peak and will remain below the MCL. Benzene should not be 
retained as a COC due to its low concentration (or absence) in groundwater, absence in soil 
gas and insignificant predicted groundwater impact. 

D.2.6.6.3. Chloroform 

Chloroform was used at the Site and detected in downgradient HSU-1 groundwater at 
concentrations below the MCL and California EPA cleanup goal.  The concentrations in 
groundwater were likely from chloroform sources in Landfill Unit 2 and/or the Eastern 
Trenches area. Chloroform was not detected in Waste Burial Holes soil gas samples. 
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Modeling suggests groundwater concentrations have reached their peak and will remain 
below the MCL and California EPA cleanup goal. Chloroform should not be retained as a 
COC due to its low concentration in downgradient HSU1 groundwater, absence in soil gas 
and insignificant predicted groundwater impact. 

D.2.6.6.4. 1,3-Dichlorobenzene 

1,3-dichlorobenzene was possibly used at the Site, but was not detected in 
downgradient HSU-1 groundwater.  Modeling suggests 1,3-dichlorobenzene will impact 
groundwater at concentrations slightly above the MCL. Modeling also indicates groundwater 
concentrations have reached their peak.  1,3-dichlorobenzene was detected in one soil gas 
sample at a concentration of 79 µg/m3. 1,3-dichlorobenzene should not be retained as a COC 
due to its absence in groundwater, low concentration in soil gas and low predicted 
groundwater impact. 

D.2.6.6.5. Formaldehyde 

Formaldehyde was used at the Site, but was not detected in the sample collected in 
2009 from downgradient HSU-1 monitoring well UCD1-065 (only downgradient 
formaldehyde sample within past ten years). A low concentration of formaldehyde (5 µg/L) 
was detected in the one Data Gaps grab groundwater sample in the Waste Burial Holes. 
Modeling predicts formaldehyde will impact groundwater above the RSL and CNL, but 
modeling predictions also indicate groundwater concentrations have reached their peak. 
Formaldehyde is expected to biodegrade quickly upon reaching groundwater. Formaldehyde 
should not be retained as a COC because it is expected to biodegrade quickly upon reaching 
groundwater and recent groundwater monitoring data indicates that formaldehyde is not 
impacting groundwater.  

D.2.6.6.6. 1,4-Dioxane 

1,4-dioxane was possibly used at the Site. Although 1,4-dioxane groundwater data 
are limited, the existing data indicate 1,4-dioxane is impacting downgradient HSU-1 
groundwater above the CNL and RSL.  Modeling suggests 1,4-dioxane has reached its peak 
concentration in groundwater. 1,4-dioxane is a semivolatile organic compound and no soil 
sample data have been collected to characterize its presence or extent in the Waste Burial 
Holes area. 1,4-dioxane should be retained as a COC. 

D.2.6.6.7. Toluene 

Toluene was used at the Site, but was not detected in downgradient HSU-1 
groundwater and is expected to biodegrade quickly if it does reach groundwater.  
Concentrations of toluene in soil gas were low (110 µg/m3 maximum) and modeling suggests 
groundwater concentrations will remain below the MCL. Toluene should not be retained as a 
COC due to its absence in groundwater, low concentration soil gas, insignificant predicted 
impact and fast groundwater biodegradation rate. 
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D.2.6.6.8. Carbon-14 and Tritium 

Carbon-14 and tritium were used at the Site and are currently above background and 
near the MCLs in downgradient HSU-1 groundwater. Most of the carbon-14 and tritium 
contamination in downgradient HSU-1 groundwater is likely due to sources in the Waste 
Burial Holes area. Maximum concentrations of carbon-14 and tritium in Waste Burial Holes 
area soil samples were 1,442 +/- 84 pCi/g and 902 +/- 8.09 pCi/g, respectively. Modeling 
suggests that carbon-14 and tritium in the Waste Burial Holes area will impact HSU-1 
groundwater at concentrations above background and the MCL.  Carbon-14 and tritium 
should be retained as COCs. 
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Table D-1. Representative Soil Profiles, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of 
California, Davis 

  Eastern Trenches     Landfill Unit 1      Landfill Unit 2  
            

Element Depth (feet) Soil Type  Element Depth (feet) Soil Type   Element Depth (feet) Soil Type 
60 0.00 Atmosphere  62 0.00 Atmosphere   60 0.00 Atmosphere 

59 0.00    61 0.00     59 0.00   

58 0.50 silty sand  60 0.50 sandy gravel   58 0.50 sandy gravel 

57 1.00    59 1.00     57 1.00   

56 1.50    58 1.50     56 1.50   

55 2.00    57 2.00     55 2.00   

54 2.50    56 2.50     54 2.50   

53 3.00    55 3.00     53 3.00   

52 3.50    54 3.50     52 3.50   

51 4.00    53 4.00     51 4.00   

50 4.50    52 4.50     50 4.50   

49 5.00    51 5.00     49 5.00   

48 5.50    50 5.50     48 5.50   

47 5.75    49 5.75     47 6.00   

46 6.00    48 6.00     46 6.50   

45 6.25 
sandy/clayey 

silt  47 6.25 silty sand   45 7.00   

44 6.50    46 6.50     44 7.50   

43 7.00    45 7.00     43 8.00   

42 7.50    44 7.50     42 8.50   

41 8.00    43 8.00     41 9.00   

40 8.50    42 8.50     40 9.50   

39 9.00    41 9.00     39 10.00   

38 9.50    40 9.50     38 10.50   

37 10.00    39 10.00     37 11.00   

36 10.50    38 10.50     36 11.50   

35 11.00    37 11.00     35 12.00   

34 11.50    36 11.50     34 12.50   

33 12.00    35 12.00     33 13.00   

32 12.50    34 12.50     32 13.50   

31 13.00    33 13.00     31 13.75   

30 13.50    32 13.50     30 14.00   

29 14.00    31 14.00     29 14.25 silt/sandy silt 

28 14.50    30 14.50     28 14.50   

27 15.00    29 14.75     27 15.00   

26 15.50    28 15.00     26 15.50   

25 16.00    27 15.25 sandy clay   25 16.00   

24 16.50    26 15.50     24 16.50   

23 17.00    25 16.00     23 16.75   

22 17.50    24 16.50     22 17.00   

21 17.75    23 17.00     21 17.25 silty sand 

20 18.00    22 17.50     20 17.50   

19 18.25 silty sand  21 18.00     19 18.00   

18 18.50    20 18.50     18 18.50   

17 19.00    19 19.00     17 19.00   

16 19.50    18 19.50     16 19.50   

15 20.00 water table  17 20.00 water table   15 20.00 water table 

14 20.50    16 20.50     14 20.50   

13 21.00    15 21.00     13 21.00   

12 21.50    14 21.50     12 21.50   

11 22.00    13 22.00     11 22.00   

10 22.50    12 22.50     10 22.50   

9 23.00    11 23.00     9 23.00   

8 23.50    10 23.50     8 23.50   

7 24.00    9 23.75     7 24.00   

6 24.50    8 24.00     6 24.50   

5 25.00    7 24.25 silty clay - type 2   5 25.00   

4 25.50    6 24.50     4 25.50   

3 26.00    5 25.00     3 26.00   

2 26.50    4 25.50     2 26.50   

1 27.00    3 26.00     1 27.00   

       2 26.50          

    1 27.00          
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Table D-1. Representative Soil Profiles, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of 
California, Davis (continued) 

  Landfill Unit 3     
Southern 
Trenches     

Waste Burial 
Holes  

             

Element Depth (feet) Soil Type   Element Depth (feet) Soil Type   Element Depth (feet) Material Type 
60 0.00 Atmosphere   62 0.00 Atmosphere   60 0.00 Atmosphere 

59 0.00     61 0.00     59 0.00   

58 0.50 sandy gravel    60 0.50 sandy gravel   58 0.50 silty gravel  

57 1.00     59 1.00     57 1.00 
(compacted 

backfill) 

56 1.50     58 1.50     56 1.50 unique to WBH 

55 2.00     57 2.00     55 2.00   

54 2.50     56 2.50     54 2.50   

53 3.00     55 3.00     53 3.00   

52 3.50     54 3.50     52 3.50   

51 4.00     53 4.00     51 4.00   

50 4.50     52 4.50     50 4.50   

49 5.00     51 4.75     49 5.00   

48 5.50     50 5.00     48 5.50   

47 6.00     49 5.25 silty clay - type 1   47 5.75   

46 6.50     48 5.50     46 6.00   

45 7.00     47 6.00     45 6.25 silty sand 

44 7.50     46 6.50     44 6.50   

43 8.00     45 7.00     43 7.00   

42 8.50     44 7.50     42 7.50   

41 9.00     43 7.75     41 8.00   

40 9.50     42 8.00     40 8.50   

39 9.75     41 8.25 silty sand   39 9.00   

38 10.00     40 8.50     38 9.50   

37 10.25 silty sand   39 9.00     37 10.00   

36 10.50     38 9.50     36 10.50   

35 11.00     37 10.00     35 11.00   

34 11.50     36 10.50     34 11.50   

33 12.00     35 11.00     33 12.00   

32 12.50     34 11.50     32 12.50   

31 13.00     33 12.00     31 13.00   

30 13.50     32 12.50     30 13.50   

29 14.00     31 13.00     29 14.00   

28 14.50     30 13.50     28 14.50   

27 14.75     29 14.00     27 15.00   

26 15.00     28 14.50     26 15.50   

25 15.25 
silty clay - 

type 3   27 14.75     25 16.00   

24 15.50     26 15.00     24 16.50   

23 16.00     25 15.25 silty clay - type 1   23 16.75   

22 16.50     24 15.50     22 17.00   

21 17.00     23 16.00     21 17.25 silty clay - type 2 

20 17.50     22 16.50     20 17.50   

19 18.00     21 17.00     19 18.00   

18 18.50     20 17.50     18 18.50   

17 19.00     19 18.00     17 19.00   

16 19.50     18 18.50     16 19.50   

15 20.00 water table   17 19.00     15 20.00 water table 

14 20.50     16 19.50     14 20.50   

13 21.00     15 20.00 water table   13 21.00   

12 21.50     14 20.50     12 21.50   

11 22.00     13 21.00     11 22.00   

10 22.50     12 21.50     10 22.50   

9 23.00     11 22.00     9 23.00   

8 23.50     10 22.50     8 23.50   

7 24.00     9 23.00     7 24.00   

6 24.50     8 23.50     6 24.50   

5 25.00     7 24.00     5 25.00   

4 25.50     6 24.50     4 25.50   

3 26.00     5 25.00     3 26.00   

2 26.50     4 25.50     2 26.50   

1 27.00     3 26.00     1 27.00   

        2 26.50          
        1 27.00          
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Table D-2. Soil Parameters, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

Hydraulic 
Van Genuchten 

Parameters 

Soil Type 
Porosity 

(cm3/cm3) 
Moisture 
(cm3/cm3) 

Conductivity 
(cm/s) 

Dry Bulk Density 
(g/cm3) 

α 
(1/cm) 

M 
(unitless) Notes 

sandy clay 0.37 0.299 6.70E-05 1.7 0.033 0.245 Sandy clay sample GEO2 
sandy gravel 0.29 0.042 4.70E-03 1.9 0.085 0.476 Sandy gravel sample GEO1 
silt/sandy silt 0.42 0.29 9.70E-05 1.52 0.0224 0.16 silt/sandy silt sample SSLF2-4-15 

silty clay - type 1 0.39 0.36 2.80E-07 1.7 0.0008 0.183 Most conservative parameters between silty clay samples 
SSST-2-15.5 and SSST-2-25 

silty clay - type 2 0.34 0.337 1.20E-08 1.79 0.0007 0.186 Most conservative parameters between silty clay samples 
SSWBH-3-25 and SSLF1-2-25 

silty clay - type 3 0.32 0.322 1.70E-09 1.81 0.0003 0.245 Silty clay at Landfill Unit 3, sample SSLF3-2-25 

silty gravel (WBH) 0.35 0.271 6.80E-08 1.72 0.0013 0.177 Silty gravel (compacted backfill) unique to WBH, sample 
SSWBH-3-5 

silty sand 0.45 0.17 1.30E-04 1.45 0.007 0.482 Most conservative parameters between silty sand samples 
SSET-2-20 and SSLF3-2-15 

Abbreviations: 
WBH Waste Burial Holes area 
cm3/cm3 volumetric ratio 
cm/s centimeters per second 
g/cm3 grams per cubic centimeter 
1/cm per centimeter 
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Table D-3.  Soil Constituents of Potential Concern for Groundwater Impact and Assumed Contaminated Depth Intervals, Laboratory for   
Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

Assumed Contaminated Depth Interval (feet below ground surface) 
COPC Eastern Trenches Landfill Unit 1 Landfill Unit 2 Landfill Unit 3 Southern Trenches Waste Burial Holes 
1,1,2-Trichloroethane --- --- 0 - 25 --- --- --- 
1,1-Dichloroethane 0 - 25 --- 0 - 25 --- --- --- 
1,1-Dichloroethene --- --- 0 - 25 --- --- --- 
1,2-Dichloroethane 0 - 25 --- --- --- --- --- 
1,2-Dichloropropane 0 - 25 --- 0 - 25 --- --- --- 
1,3-Butadiene --- 0 - 25 0 - 25 --- --- --- 
1,3-Dichlorobenzene --- --- --- --- --- 0 - 25 
1,4-Dioxane 0 - 25 --- 0 - 25 --- --- 0 - 25 
Acetone 0 - 25 0 - 25 0 - 25 0 - 25 0 - 25 0 - 25 
Antimony --- --- --- 0 - 12 --- --- 
Barium --- --- --- 0 - 25 --- --- 
Benzene --- --- --- --- --- 0 - 25 
Cadmium --- --- 0 - 25 0 - 25 --- --- 
Carbon-14 (in methanol) 0 - 25 0 - 25 0 - 25 0 - 25 --- 0 - 25 
Carbon disulfide 0 - 25 --- 0 - 25 --- 0 - 25 --- 
Chloroform 0 - 25 --- 0 - 25 --- --- 0 - 25 
Copper --- 0 - 7 --- 0 - 10 --- --- 
Formaldehyde 0 - 25 0 - 25 0 - 25 0 - 25 --- 0 - 25 
Manganese --- --- --- 0 - 12 --- --- 
Methyl Ethyl Ketone --- --- 0 - 25 --- 0 - 25 0 - 25 
Selenium --- 0 - 25 --- --- --- --- 
Silver --- --- 0 - 12.5 0 - 10 --- --- 
Strontium-90 --- --- 0 - 12.5 0 - 15 --- 0 - 15 
Styrene 0 - 25 --- 0 - 25 --- 0 - 25 --- 
Tetrachloroethene 0 - 25 --- 0 - 25 --- --- --- 
Toluene 0 - 25 0 - 25 0 - 25 0 - 25 0 - 25 0 - 25 
Tritium (in water) 0 - 25 --- --- 0 - 12 --- 0 - 25 
Uranium-235 0 - 25 --- 0 - 12.5 0 - 25 --- --- 



 
 

Table D-3.  Soil Constituents of Potential Concern for Groundwater Impact and Assumed Contaminated Depth Intervals, Laboratory for   
Energy-related Health Research/South Campus Disposal Site, University of California, Davis (continued) 
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Assumed Contaminated Depth Interval (feet below ground surface) 
COPC Eastern Trenches Landfill Unit 1 Landfill Unit 2 Landfill Unit 3 Southern Trenches Waste Burial Holes 
Uranium-238 --- --- --- --- --- 0 - 5 
Xylenes --- --- 0 - 25 --- --- --- 

Abbreviations:  
COPC constituent of potential concern 
--- not a constituent of potential concern in area 
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Table D-4.  Chemical-Specific Parameters for Vadose Zone Modeling, Laboratory for Energy-related 
Health Research/South Campus Disposal Site, University of California, Davis 

COPC Kd
a (ml/g) Mol Wtb Henry's constantc, d (unitless) koc

e (m3/kg) 
1,1,2-Trichloroethane 0.10 133.40 0.0380 0.0501 
1,1-Dichloroethane 0.063 98.96 0.234 0.0316 
1,1-Dichloroethene 0.35 96.94 1.09 0.0589 
1,2-Dichloroethane 0.035 98.96 0.0410 0.0174 
1,2-Dichloropropane 0.087 112.99 0.117 0.0437 
1,3-Butadiene 0.72 54.09 7.44 0.12 
1,3-Dichlorobenzene 1.2 147.00 0.100 0.617 
1,4-Dioxane 0.0081 88.1 2.04 E-04 NA 
Acetone 0.087 58.08 0.00163 0.000575 
Antimony 45 121.76 NA NA 
Barium 41 137.33 NA NA 
Benzene 0.62 78.11 0.234 0.0589 
Cadmium 75 112.41 NA NA 
Carbon-14 (in methanol) 0.0 34.03 0.000190 NA 
Carbon disulfide 0.091 76.14 3.80 0.0457 
Chloroform 0.53 119.38 0.155 0.0398 
Copper 4.0 63.55 NA NA 
Formaldehyde 0.0023 30.03 1.37E-05 0.0369 
Manganese 750 54.94 NA NA 
Methyl Ethyl Ketone 0.072 72.11 0.00234 0.0045 
Selenium 5.0 78.96 NA NA 
Silver 120 107.87 NA NA 
Strontium-90 35 89.91 NA NA 
Styrene 120 104.15 0.113 0.776 
Tetrachloroethene 2.7 165.83 0.753 0.155 
Toluene 0.36 92.14 0.276 0.182 
Tritium (in water) 0.0 20.02 NA NA 
Uranium-235 15 235.04 NA NA 
Uranium-238 15 238.05 NA NA 
Xylenes 2.4 106.17 0.276 0.407 

Notes: 
a From Feasibility Study Data Gaps Work Plan (Weiss, 2008) Appendix C, Table C2. 
b Values from NIST, 2008, Search for Species Data by Chemical Name, http://webbook.nist.gov/chemistry/name-ser.html 
c Values from US EPA, 2009,Superfund Chemical Data Matrix, http://www.epa.gov/superfund/sites/npl/hrsres/tools/scdm.htm, website as 
last updated on Tuesday, January 13th, 2009. 

d Unitless Henry's constant based on pore water temperature of 65 degrees Fahrenheit (291.5 degrees Kelvin) from shallow groundwater 
temperature measurements in LEHR/SCDS monitoring wells. 

e Values  from US EPA Region 9, 2008, Regional Screening Levels, http://www.epa.gov/region09/superfund/prg/index.html, website as 
Last updated on Tuesday, December 16th, 2008. 
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Table D-4. Chemical-Specific Parameters for Vadose Zone Modeling, Laboratory for Energy-related 
Health Research/South Campus Disposal Site, University of California, Davis 
(continued) 

 
Abbreviations: 
COPC constituent of potential concern 
Kd soil - water partition coefficient 
Koc organic carbon partition coefficient 
m3/kg cubic meters per kilogram 
ml/g milliliters per gram 
Mol Wt molecular weight 
NA not applicable 
NIST National Institute of Standards and Technology 
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Table D-5.  Volatile Organic Compounds Included in NUFT Modeling Laboratory for Energy-related 
Health Research/South Campus Disposal Site, University of California, Davis 

Modeled Not Modeled 

Individual Group Proxy for Not 
Modeled Compounds Co-Located Group Members 1 

Soil Gas 
Detection 

Ratio2 

Soil Gas 
Maximum 

(µg/m3) 
Acetone   21 / 26 3,900 
Benzene   12 / 26 14 
1,3-Butadiene   5 / 14 74 
Carbon disulfide   12 / 26 140 
 Chloroform Halogenated Methanes 13 / 26 16,000 
  Carbon tetrachloride 1 / 26 0.42 
  Chloromethane 3 / 26 10 
  Dichlorodifluoromethane 6 / 26 5 
  Methylene chloride 1 / 26 1.6 
  Trichlorofluoromethane 6 / 26 2.6 
1,1-Dichloroethane   7 / 26 1,600 
1,1-Dichloroethene   5 / 26 390 
1,2-Dichloroethane   2 / 26 330 
1,2-Dichloropropane   6 / 26 1,900 
 1,3-Dichlorobenzene Dichlorobenzenes 2 / 26 79 
  1,4-Dichlorobenzene 3 / 26 16 
Formaldehyde   21 / 21 175 
 Methyl Ethyl Ketone Ketones 14 / 26 61 
  Methyl isobutyl ketone 8 / 26 80 
Styrene   6 / 26 2.2 
 1,1,2-Trichloroethane Trichloroethanes 03 / 26 ND 
  1,1,1-Trichloroethane 3 / 26 58 
Tetrachloroethene   15 / 26 2,600 
 Toluene Fuel Volatiles 22 / 26 8,000 
  1,2,4-Trimethylbenzene 12 / 26 88 
  1,3,5-Trimethylbenzene 7 / 26 27 
  4-Ethyltoluene 7 / 26 62 
  Ethylbenzene 10 / 26 88 
Xylenes     11 / 26 220 

Abbreviations: 
µg/m3 micrograms per cubic meter 
VOC volatile organic compound 
 
Notes: 
Hexane, isopropanol and ethanol were detected in soil gas but not modeled. Hexane and isopropanol were sample collection tracer 
compounds. 

1 Proxy compounds were modeled in proxy for VOCs with similar chemical structure and/or chemical properties and co-located with the 
surrogate.  

2 Ratio of detected concentrations to total number of samples analyzed. 
3 1,1,2-Trichloroethane was detected in soil samples. 
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Table D-6. Summary of Designated Level Modeling Results for the Eastern Trenches Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

COC 
Groundwater Goal  

(µg/L or pCi/L) 
Goal 

Source 
Contaminated Depth 

Interval (feet) 

Max Soil 
Concentration 

(pCi/g) 
Soil Background 

(pCi/g) 

Soil Designated 
Level  

(µg/kg or pCi/g) 

Max Soil Vapor 
Concentration 

(µg/m3) 

Soil Vapor 
Designated 

Level1 (µg/m3) 

Time to 
Peak3 

(years) 

Predicted Peak 
Groundwater 

Concentration11  

(µg/L or pCi/L) 

Max Groundwater 
Concentration2  

(µg/L or pCi/L) 
Acetone 22,000 RSL 0 - 25 NA NA 5,000 210 43,700 19 106 257 
Acetone 5.0 CRDL 0 - 25 NA NA 1.13 210 9.84 20 106 257 
Carbon disulfide 1,000 RSL 0 - 25 NA NA 255 81 631,000 16 0.128 0.6 
Carbon disulfide 160 CNL 0 - 25 NA NA 40.4 81 100,000 16 0.128 0.6 
Carbon disulfide 1.0 CRDL 0 - 25 NA NA 0.2534 81 6254 16 0.128 0.6 
Chloroform 80 MCL5 0 - 25 NA NA 48.7 13,000 9,640 27 108 8,170 
Chloroform 1.1 Cal 0 - 25 NA NA 0.6704 13,000 1334 27 108 8,170 
Chloroform 0.5 CRDL 0 - 25 NA NA 0.3044 13,000 60.34 27 108 8,170 
1,1-Dichloroethane 5.0 MCL 0 - 25 NA NA 1.12 550 395 15 6.96 31.7 
1,2-Dichloroethane 0.50 MCL 0 - 25 NA NA 0.104 330 9.68 15 17.0 20.5 
1,2-Dichloropropane 5.0 MCL 0 - 25 NA NA 1.20 1,900 168 16 56.5 2.9 
1,4-Dioxane6 6.1 RSL 0 - 25 NA NA 0.966 NA NA 17 NA 14 
1,4-Dioxane6 3.0 CNL 0 - 25 NA NA 0.479 NA NA 17 NA 14 
Formaldehyde 7,300 RSL 0 - 25 NA NA 1,130 61.7 J1 20.4 16 132,000 < 20 
Formaldehyde 100 CNL 0 - 25 NA NA 15.3 61.7 J1 0.278 16 132,000 < 20 
Formaldehyde 50 CRDL 0 - 25 NA NA 7.654 61.7 J1 0.1394 16 132,000 < 20 
Styrene 100 MCL 0 - 25 NA NA 9,160 1.8 87,400 0 0.00206 < 1 
Styrene 0.5 CRDL 0 - 25 NA NA 45.8 1.8 437 0 0.00206 < 1 
Tetrachloroethene 5.0 MCL 0 - 25 NA NA 11.3 130 3,280 0 0.198 2.9 
Tetrachloroethene 0.5 CRDL 0 - 25 NA NA 1.134 130 3284 0 0.198 2.9 
Toluene 150 MCL 0 - 25 NA NA 70.7 70 6,680 24 1.57 < 50 
Toluene 0.5 CRDL 0 - 25 NA NA 0.230 70 21.7 27 1.57 < 50 
Carbon-14 2,000 MCL7 0 - 25 8.3 < 0.13 < 0.1 NA NA 28 > 2,000 1,380 
Carbon-14 < 7.25 BGD8 0 - 25 8.3 < 0.13 < 0.1 NA NA 28 > 2,000 1,380 
Tritium 20,000 MCL 0 - 25 280 10 < 1.2 < 1.0 NA NA 23 > 20,000 14,700 
Tritium < 170 BGD8 0 - 25 280 10 < 1.2 < 1.0 NA NA 23 > 20,000 14,700 
Uranium-235 20 MCL 0 - 25 0.142 9 0.038 0.233 NA NA 0 12.2 < 13.9 
Uranium-235 < 15 BGD8 0 - 25 0.142 9 0.038 0.175 NA NA 0 12.2 < 13.9 

Abbreviations: 
< n not detected; detection limit equal to n. 
BGD groundwater background value 
Cal California EPA cleanup goal for chloroform. 
COC constituent of concern 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
CRDL contract-required detection limit 
g/cm3 grams per cubic centimeter 
J1 Formaldehyde was analyzed one day outside of the specified 14 day holding time. The effect on analytical accuracy is likely negligible. 
LEHR/SCDS Laboratory for Energy-Related Health Research/ South Campus Disposal Site 
MCL State of California Maximum Contaminant Level, drinking water 
µg/kg micrograms per kilogram 
µg/L micrograms per liter 
µg/m3 micrograms per cubic meter 
NA not available or not applicable  
pCi/g picocuries per gram 
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Table D-6. Summary of Designated Level Modeling Results for the Eastern Trenches Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis (continued) 

 
Abbreviations (continued): 
pCi/L picocuries per liter 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, residential tap water 
v/v volume ratio 
 
Notes:  
Concentrations shown in bold if greater than the designated levels. 
1 Lowest soil vapor designated level among soil types in soil column. Soil vapor designated level may be significantly higher in other soil types. 
2 Maximum concentration during past ten years (1999 - 2008) in downgradient wells UCD1-008, UCD1-009, UCD1-012, UCD1-013, UCD1-049, UCD1-050, UCD1-051 and UCD1-066 and Data Gaps grab groundwater samples collected in 2008. 
3 A time-to-peak of zero means the modeled maximum concentration in groundwater was present immediately (zero years) and the modeled concentration at subsequent time steps was equal to or less than the concentration at zero years. 
4 Designated level proportioned from previous (preceding row in table) NUFT result for COC.  Designated level concentrations are mathematically proportional to groundwater goal concentrations. 
5 MCL for total trihalomethanes. 
6 1,4-dioxane was recently detected in groundwater immediately downgradient of Landfill Unit 2, Eastern Trenches, and Waste Burial Holes; however no soil analyses for 1,4-dioxane have been conducted to date. A soil designated level for 1,4 dioxane was calculated using Landfill Unit 2 lithology for potential use 
during the Feasibility Study. 

7 Derived limit for drinking water from the 4 roentgen equivalent man per year Federal MCL for beta particles and photon emitters (EPA, 2000) 
8 Background values determined from well UCD1-018 groundwater samples data (hydrostratigraphic unit 1 background) up to October 2008. 
9 Uranium-235 activity-concentration is only slightly above the detection limit. The Uranium-235 data set for the Eastern Trenches has high detection limits and only one detect. Comparison to soil background (0.038 pCi/g) is inconclusive for these data. Uranium-235 may be below background. 
10 Calculated from pCi/L activity-concentration based on volumetric water content (0.17 v/v) and bulk density (1.45 g/cm3) for silty sand soil type. Data reported in pCi/L were not included in original screening process (see Table 2-2). 
11 Proportioned from designated level, groundwater goal and maximum soil or soil vapor concentration.  Predicted peak groundwater concentrations are mathematically proportional to the initial soil or soil vapor concentration. 
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Table D-7. Summary of Designated Level Modeling Results for Landfill Unit 1, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

COC 

Groundwater 
Goal  

(µg/L or pCi/L) 
Goal 

Source 
Contaminated Depth 

Interval (feet) 

Max Soil 
Concentration (µg/kg 

or pCi/g) 

Soil Designated 
Level  

(µg/kg or pCi/g) 
Soil Background  
(µg/kg or pCi/g) 

Max Soil Vapor 
Concentration 

(µg/m3) 

Soil Vapor 
Designated Level1  

(µg/m3) 

Time to 
Peak2 

(years) 

Predicted Peak Groundwater 
Concentration 7 (ug/L or 

pCi/L) 

Max Groundwater 
Concentration3(µg/L 

or pCi/L) 
Acetone 22,000 RSL 0 - 25 NA 5,240 NA 150 43,300 24 76.2 34.1 
Acetone 5.0 CRDL 0 - 25 NA 1.194 NA 150 9.844 24 76.2 34.1 
1,3-Butadiene 0.16 RSL 0 - 25 NA 0.124 NA 74 275 10 0.0431 NA 
Formaldehyde 7,300 RSL 0 - 25 NA 1,220 NA 69.7 22.5 21 136,000 < 20 
Formaldehyde 100 CNL 0 - 25 NA 16.74 NA 69.7 0.3084 21 136,000 < 20 
Formaldehyde 50 CRDL 0 - 25 NA 8.364 NA 69.7 0.1544 21 136,000 < 20 
Toluene 150 MCL 0 - 25 NA 70.4 NA 120 6,650 40 2.71 < 1.0 
Toluene 0.5 CRDL 0 - 25 NA 0.2354 NA 120 22.24 40 2.71 < 1.0 
Copper 1000 MCL 0 - 7 2,690,000 43,5004 60,000 NA NA 930 62,000 5.3 
Copper 1.43 BGD5 0 - 7 2,690,000 62.2 60,000 NA NA 770 62,000 5.3 
Selenium 50 MCL 0 - 25 13,000 216 1,200 NA NA 0 3,010 12 
Selenium 4.2 BGD5 0 - 25 13,000 18.1 1,200 NA NA 0 3,010 12 
Carbon-14 2000 MCL6 0 - 25 4.74 < 0.1 < 0.13 NA NA 43 > 2,000 36.1 
Carbon-14 < 7.25 BGD5 0 - 25 4.74 < 0.1 < 0.13 NA NA 43 > 2,000 36.1 

Abbreviations: 
< n not detected; detection limit equal to n. 
BGD background groundwater concentration 
COC constituent of concern 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
CRDL contract-required detection limit 
LEHR/SCDS Laboratory for Energy-Related Health Research/ South Campus Disposal Site 
MCL State of California Maximum Contaminant Level, drinking water 
µg/L micrograms per liter 
µg/kg micrograms per kilogram 
µg/m3 micrograms per cubic meter 
NA not available or not applicable 
pCi/L picocuries per liter 
pCi/g picocuries per gram 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, residential tap water 
  
Notes: 
Concentrations shown in bold if greater than the designated levels. 
1 Lowest soil vapor designated level among soil types in soil column. Soil vapor designated level may be significantly higher in other soil types. 
2 A time-to-peak of zero means the modeled maximum concentration in groundwater was present immediately (zero years) and the modeled concentration at subsequent time steps was equal to or less than the concentration at zero years. 
3 Maximum concentration during past ten years (1999 - 2008) in downgradient wells UCD1-11 and UCD1-62 and the Data Gaps grab groundwater sample collected in 2008. 
4 Designated level proportioned from NUFT result for COC at other groundwater goal (see preceding or following line of table).  Designated level concentrations are mathematically proportional to groundwater goal concentrations. 
5 Background values determined from well UCD1-018 groundwater samples data (hydrostratigraphic unit 1 background) up to October 2008. 
6 Derived limit for drinking water from the 4 roentgen equivalent man per year Federal MCL for beta particles and photon emitters (EPA, 2000) 
7 Proportioned from designated level, groundwater goal and maximum soil or soil vapor concentration.  Predicted peak groundwater concentrations are mathematically proportional to the initial soil or soil vapor concentration. 
 



 

Table D-8. Summary of Designated Level Modeling Results for Landfill Unit 2, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

COC 
Groundwater Goal  

(µg/L or pCi/L) Goal Source 
Contaminated Depth 

Interval (feet) 

Max Soil 
Concentration (µg/kg 

or pCi/g) 

Soil Designated 
Level 

(µg/kg or pCi/g) 
Soil Background 
(µg/kg or pCi/g) 

Max Soil Vapor 
Concentration 

(µg/m3) 

Soil Vapor 
Designated 

Level1  

(µg/m3) 

Time to 
Peak2 

(years) 

Predicted Peak 
Groundwater 

Concentration 11 

(µg/L or pCi/L) 

Max Groundwater 
Concentration3 (µg/L 

or pCi/L) 
Acetone 22,000 RSL 0 - 25 NA 4,780 NA 3,900 39,000 12 2,200 257 
Acetone 5 CRDL 0 - 25 NA 1.09 4 NA 3,900 8.86 4 12 2,200 257 
1,3-Butadiene 0.16 RSL 0 - 25 NA 0.125 NA 4.4 278 5 0.00253 NA 
Carbon disulfide 1,000 RSL 0 - 25 NA 296 NA 140 732,000 6 0.191 0.6 
Carbon disulfide 160 CNL 0 - 25 NA 47.4 4 NA 140 117,000 4 6 0.191 0.6 
Carbon disulfide 1.0 CRDL 0 - 25 NA 0.296 4 NA 140 732 4 6 0.191 0.6 
Chloroform 80 MCL 5 0 - 25 NA 50.7 NA 9,600 9,780 15 78.5 8,170 
Chloroform 1.1 Cal 0 - 25 NA 0.697 4 NA 9,600 134 4 15 78.5 8,170 
Chloroform 0.5 CRDL 0 - 25 NA 0.317 4 NA 9,600 61.1 4 15 78.5 8,170 
1,1-Dichloroethane 5.0 MCL 0 - 25 NA 1.24 NA 1,600 422 10 19.0 31.7 
1,1-Dichloroethene 6.0 MCL 0 - 25 NA 2.97 NA 390 2,670 10 0.876 29.2 
1,2-Dichloropropane 5.0 MCL 0 - 25 NA 1.34 NA 910 183 10 24.9 0.83 
1,4-Dioxane6 6.1 RSL 0 - 25 NA 1.18 NA NA NA 8 NA 14 
1,4-Dioxane6 3.0 CNL 0 - 25 NA 0.580 4 NA NA NA 8 NA 14 
Formaldehyde 7,300 RSL 0 - 25 NA 1,210 NA 175 22.2 9 345,000 4 
Formaldehyde 100 CNL 0 - 25 NA 16.6 4 NA 175 0.304 4 9 345,000 4 
Formaldehyde 50 CRDL 0 - 25 NA 8.29 4 NA 175 0.152 4 9 345,000 4 
Methyl Ethyl Ketone 7,100 RSL 0 - 25 NA 1,530 NA 61 13,900 11 31.2 46.1 
Methyl Ethyl Ketone 1.0 CRDL 0 - 25 NA 0.215 4 NA 61 1.96 4 11 31.2 46.1 
Styrene 100 MCL 0 - 25 NA 9,160 NA 2.2 87,300 0 0.00252 < 1 
Styrene 0.5 CRDL 0 - 25 NA 45.8 4 NA 2.2 437 4 0 0.00252 < 1 
Tetrachloroethene 5.0 MCL 0 - 25 NA 11.3 NA 2,600 3,280 0 3.96 2.9 
Tetrachloroethene 0.5 CRDL 0 - 25 NA 1.13 NA 2,600 328 0 3.96 2.9 
Toluene 150 MCL 0 - 25 NA 73.8 NA 8,000 6,910 13 174 0.73 
Toluene 0.5 CRDL 0 - 25 NA 0.246 4 NA 8,000 23.0 4 13 174 0.73 
1,1,2-Trichloroethane 5.0 MCL 0 - 25 15 1.20 NA < 2.7 to < 320 48.2 12 33.2 58.4 
Xylenes 1,750 MCL 0 - 25 NA 3,610 NA 320 158,000 0 3.54 < 100 
Xylenes 1.0 CRDL 0 - 25 NA 2.06 4 NA 320 90.3 4 0 3.54 < 100 
Cadmium 5.0 MCL 0 - 25 6,700 287 510 NA NA 0 117 0.52 
Cadmium 0.202 BGD7 0 - 25 6,700 11.6 510 NA NA 0 117 0.52 
Silver 100 MCL 0 - 12.5 38,100 53,300 550 NA NA 5,000 71.5 0.05 
Silver 0.017 BGD7 0 - 12.5 38,100 9.07 550 NA NA 5,000 71.5 0.05 
Carbon-14 2,000 MCL8 0 - 25 4.2 < 0.1 < 0.13 NA NA 10 > 2,000 1,380 
Carbon-14 < 7.25 BGD7 0 - 25 4.2 < 0.1 < 0.13 NA NA 10 > 2,000 1,380 
Strontium-90 8.0 MCL 0 - 12.5 0.42 9 >> 0.056 NA NA 500 < 0.1 < 0.574 
Strontium-90 < 0.481 BGD7 0 - 12.5 0.42 9 >> 0.056 NA NA 500 < 0.1 < 0.574 
Uranium-235 20 MCL 0 - 12.5 0.14 10 1.54 0.038 NA NA 1,000 1.82 < 13.9 
Uranium-235 < 15 BGD7 0 - 12.5 0.14 10 1.16 0.038 NA NA 1,000 1.82 < 13.9 

Abbreviations: 
>> Designated level is significantly larger than highest activity-concentrations encountered at Site 
< n not detected; detection limit equal to n 
BGD background groundwater concentration 
Cal California EPA cleanup goal for chloroform. 



 
 

Table D-8. Summary of Designated Level Modeling Results for Landfill Unit 2, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis (continued) 
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Abbreviations (continued): 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COC constituent of concern 
CRDL contract-required detection limit 
LEHR/SCDS Laboratory for Energy-Related Health Research/ South Campus Disposal Site 
MCL State of California Maximum Contaminant Level, drinking water 
µg/L micrograms per liter 
µg/kg micrograms per kilogram 
µg/m3 micrograms per cubic meter 
NA not applicable 
pCi/g picocuries per gram 
pCi/L picocuries per liter 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, residential tap water 
 
Notes: 
Concentrations shown in bold if greater than the designated levels. Detection limits shown in bold if more than twice the designated levels. 
1 Lowest soil vapor designated level among soil types in soil column. Soil vapor designated level may be significantly higher in other soil types. 
2 A time-to-peak of zero means the modeled maximum concentration in groundwater was present immediately (zero years) and the modeled concentration at subsequent time steps was equal to or less than the concentration at zero years. 
3 Maximum concentration during past ten years (1999 - 2008) in downgradient wells UCD1-8, UCD1-009, UCD1-012, UCD1-13, UCD1-049, UCD1-050, UCD1-051 and UCD1-66 and Data Gaps grab groundwater samples collected in 2008. 
4 Designated level proportioned from previous (preceding row in table) NUFT result for COC.  Designated level concentrations are mathematically proportional to groundwater goal concentrations. 
5 MCL for total trihalomethanes. 
6 1,4-dioxane was recently detected in groundwater immediately downgradient of Landfill Unit 2, Eastern Trenches, and Waste Burial Holes; however no soil analyses for 1,4-dioxane have been conducted to date. A soil designated level for 1,4 dioxane was calculated using Landfill Unit 2 lithology for potential use 
during the Feasibility Study. 

7 Background values determined from well UCD1-018 groundwater samples data (hydrostratigraphic unit 1 background) up to October 2008. 
8 Derived limit for drinking water from the 4 roentgen equivalent man per year Federal MCL for beta particles and photon emitters (EPA, 2000). 
9 Strontium-90 maximum detected concentration was only slightly above the detection limit (generally high detection limits throughout data set, from 0.3 pCi/g to 1.1 pCi/g). Comparison to soil background (0.056 pCi/g) is inconclusive for these data. Strontium-90 may be below background. 
10 Uranium-235 result shown is below the detection limit. The Uranium-235 data set for Landfill Unit 2 has high detection limits: 0.1 pCi/g to 0.49 pCi/g. Comparison to soil background (0.038 pCi/g) is inconclusive for these data. Uranium-235 may be below background. 
11 Proportioned from designated level, groundwater goal and maximum soil or soil vapor concentration.  Predicted peak groundwater concentrations are mathematically proportional to the initial soil or soil vapor concentration. 
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Table D-9. Summary of Designated Level Modeling Results for Landfill Unit 3, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

COC 
Groundwater Goal  

(µg/L or pCi/L) 
Goal 

Source 

Contaminated Depth 
Interval 
(feet) 

Max Soil Concentration 
(µg/kg or pCi/g) 

Soil Designated Level 
(µg/kg or pCi/g) 

Soil Background 
(µg/kg or pCi/g) 

Max Soil Vapor 
Concentration  

(µg/m3) 

Soil Vapor 
Designated 

Level1 
(µg/m3) 

Time to 
Peak2 

(years) 

Predicted Peak 
Groundwater 

Concentration 9 
(µg/L or pCi/L) 

Max Groundwater 
Concentration3 
(µg/L or pCi/L) 

Acetone 22,000 RSL 0 - 25 NA 4,930 NA 160 43,300 0 81.3 4.46 
Acetone 5.0 CRDL 0 - 25 NA 1.12 4 NA 160 9.84 4 0 81.3 4.46 
Formaldehyde 7,300 RSL 0 - 25 NA 1,110 NA 121 20.8 0 255,000 NA 
Formaldehyde 100 CNL 0 - 25 NA 15.2 4 NA 121 0.285 4 0 255,000 NA 
Formaldehyde 50 CRDL 0 - 25 NA 7.60 4 NA 121 0.142 4 0 255,000 NA 
Toluene 150 MCL 0 - 25 NA 68.4 NA 89 6,490 0 2.06 <0.5 
Toluene 0.5 CRDL 0 - 25 NA 0.228 4 NA 89 21.6 4 0 2.06 <0.5 
Antimony 6.0 MCL 0 - 12 13,800 2,910 1,400 NA NA 31,000 28.5 < 5 
Antimony 4.77 BGD5 0 - 12 13,800 2,320 1,400 NA NA 31,000 28.5 < 5 
Barium 1,000 MCL 0 - 25 968,000 35,000 260,000 NA NA 0 27,700 150 
Barium 198 BGD5 0 - 25 968,000 6,920 260,000 NA NA 0 27,700 150 
Cadmium 5.0 MCL 0 - 25 20,000 319 510 NA NA 0 313 0.41 
Cadmium 0.202 BGD5 0 - 25 20,000 12.9 510 NA NA 0 313 0.41 
Copper 1,000 MCL 0 - 10 1,700,000 138,000 60,000 NA NA 4,000 12,300 6.8 
Copper 1.43 BGD5 0 - 10 1,700,000 197 60,000 NA NA 4,000 12,300 6.8 
Manganese 50 MCL 0 - 12 4,300,000 549,000 750,000 NA NA 560,000 392 0.62 
Manganese 9.9 BGD5 0 - 12 4,300,000 107,000 750,000 NA NA 480,000 392 0.62 
Silver 100 MCL 0 - 10 158,000 368,000 550 NA NA 94,000 42.9 < 10 
Silver 0.92 BGD5 0 - 10 158,000 12,600 550 NA NA 87,000 42.9 < 10 
Carbon-14 2,000 MCL6 0 - 25 3.77 < 0.1 < 0.13 NA NA 140 > 2,000 11.2 
Carbon-14 < 7.25 BGD5 0 - 25 3.77 < 0.1 < 0.13 NA NA 140 > 2,000 11.2 
Strontium-90 8.0 MCL 0 - 15 5.07 >> 0.056 NA NA 360 < 0.1 < 0.49 
Strontium-90 < 0.481 BGD5 0 - 15 5.07 >> 0.056 NA NA 350 < 0.1 < 0.49 
Tritium 20,000 MCL 0 - 12 0.0113 8 < 1.0 < 1.2 NA NA 36 > 20,000 < 293 
Tritium < 170 BGD5 0 - 12 0.0113 8 < 1.0 < 1.2 NA NA 36 > 20,000 < 293 
Uranium-235 20 MCL 0 - 25 0.09 7 0.258 0.038 NA NA 0 6.98 < 23 
Uranium-235 < 15 BGD5 0 - 25 0.09 7 0.193 0.038 NA NA 0 6.98 < 23 

Abbreviations: 
>> designated level is significantly larger than highest activity-concentrations encountered at Site 
< n not detected; detection limit equal to n 
BGD background groundwater concentration 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COC constituent of concern 
CRDL contract-required detection limit 
g/cm3 grams per cubic centimeter 
LEHR/SCDS Laboratory for Energy-Related Health Research/ South Campus Disposal Site 
MCL State of California Maximum Contaminant Level, drinking water 
µg/kg micrograms per kilogram 
µg/L micrograms per liter 
µg/m3 micrograms per cubic meter 
NA not applicable 
pCi/g picocuries per gram 
pCi/L picocuries per liter 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, residential tap water 
v/v volume ratio 
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Table D-9. Summary of Designated Level Modeling Results for Landfill Unit 3, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis (continued) 

 
Notes: 
Concentrations shown in bold if greater than the designated levels. 
1 Lowest soil vapor designated level among soil types in soil column. Soil vapor designated level may be significantly higher in other soil types. 
2 A time-to-peak of zero means the modeled maximum concentration in groundwater was present immediately (zero years) and the modeled concentration at subsequent time steps was equal to or less than the concentration at zero years. 
3 Maximum concentration during past ten years (1999 - 2008) in downgradient wells UCD1-010 and UCD1-064 and the Data Gaps grab groundwater sample collected in 2008. 
4 Designated level proportioned from previous (preceding row in table) NUFT result for COC.  Designated level concentrations are mathematically proportional to groundwater goal concentrations. 
5 Background values determined from well UCD1-018 groundwater samples data (hydrostratigraphic unit 1 background) up to October 2008. 
6 Derived limit for drinking water from the 4 roentgen equivalent man per year Federal MCL for beta particles and photon emitters (EPA, 2000) 
7 Data are not accurate due to high detection limits.  All results were non-detect. Maximum detection limit shown. 
8 Calculated from pCi/L activity-concentration based on soil water content (0.042 v/v) and bulk density (1.9 g/cm3) for sandy gravel soil type. Results reported in pCi/L were not included in original screening process (see Table 2-2).  In addition, some data reported in pCi/kg that were used in original screening have 
been screened out based on reported activities below reporting limit. 

9 Proportioned from designated level, groundwater goal and maximum soil or soil vapor concentration.  Predicted peak groundwater concentrations are mathematically proportional to the initial soil or soil vapor concentration. 
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Table D-10. Summary of Designated Level Modeling Results for the Southern Trenches Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

COC 

Groundwater 
Goal 

(µg/L) Goal Source 
Contaminated Depth 

Interval (feet) 
Soil Designated Level 

(µg/kg) 

Max Soil Vapor 
Concentration 

(µg/m3) 

Soil Vapor Designated 
Level1 

(µg/m3) 
Time to Peak2 

(years) 

Predicted Peak 
Groundwater 

Concentration 5 

(µg/L) 

Max Groundwater 
Concentration 3 

(µg/L) 
Acetone 22,000 RSL 0 - 25 5,650 300 41,800 0 158 18 
Acetone 5.0 CRDL 0 - 25 1.28 4 300 9.50 4 0 158 18 
Carbon disulfide 1,000 RSL 0 - 25 260 2.7 643,000 0 0.00420 < 1 
Carbon disulfide 160 CNL 0 - 25 41.6 4 2.7 103,000 4 0 0.00420 < 1 
Carbon disulfide 1.0 CRDL 0 - 25 0.260 4 2.7 643 4 0 0.00420 < 1 
Methyl Ethyl Ketone 7,100 RSL 0 - 25 1,740 19 14,600 0 9.24 < 1 
Methyl Ethyl Ketone 1.0 CRDL 0 - 25 0.245 4 19 2.06 4 0 9.24 < 1 
Styrene 100 MCL 0 - 25 9,580 1.3 91,100 3,700 0.00143 < 0.5 
Styrene 0.5 CRDL 0 - 25 47.9 4 1.3 456 4 3,700 0.00143 < 0.5 
Toluene 150 MCL 0 - 25 71.8 34 6,720 0 0.759 < 0.5 
Toluene 0.5 CRDL 0 - 25 0.239 4 34 22.4 4 0 0.759 < 0.5 

Abbreviations:  
< n not detected; detection limit equal to n 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COC constituent of concern 
CRDL contract-required detection limit 
LEHR/SCDS Laboratory for Energy-Related Health Research/ South Campus Disposal Site 
MCL State of California Maximum Contaminant Level, drinking water 
µg/kg micrograms per kilogram 
µg/L micrograms per liter 
µg/m3 micrograms per cubic meter 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, residential tap water 
 
Notes: 
Concentrations shown in bold if greater than the designated levels. 
1 Lowest soil vapor concentration among soil types in soil column. Soil vapor designated level may be significantly higher in other soil types. 
2 A time-to-peak of zero means the modeled maximum concentration in groundwater was present immediately (zero years) and the modeled concentration at subsequent time steps was equal to or less than the concentration at zero years. 
3 Maximum concentration during past ten years (1999 - 2008) in downgradient wells UCD1-008, UCD1-013 and UCD1-024 and the Data Gaps grab groundwater sample. 
4 Designated level proportioned from previous (preceding row in table) NUFT result for COC.  Designated level concentrations are mathematically proportional to groundwater goal concentrations. 
5 Proportioned from designated level, groundwater goal and maximum soil or soil vapor concentration.  Predicted peak groundwater concentrations are mathematically proportional to the initial soil or soil vapor concentration. 
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Table D-11. Summary of Designated Level Modeling Results for the Waste Burial Holes Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis 

COC 
Groundwater Goal  

(µg/L or pCi/L) Goal Source 

Contaminated 
Depth Interval  

(feet) 

Max Soil 
Concentration  

(pCi/g) 

Soil Designated 
Level 

(µg/kg or pCi/g) 
Soil Background 

(pCi/g) 

Max Soil Vapor 
Concentration 

(µg/m3) 

Soil Vapor 
Designated 

Level1  

(µg/m3) 
Time to Peak2 

(years) 

Predicted Peak 
Groundwater 

Concentration 11 

(µg/L or pCi/L) 

Max Groundwater 
Concentration3 

(µg/L or pCi/L) 
Acetone 22,000 RSL 0 - 25 NA 5,120 NA 140 42,300 0 72.8 <5.5 
Acetone 5.0 CRDL 0 - 25 NA 1.16 4 NA 140 9.61 4 0 72.8 <5.5 
Benzene 1.0 MCL 0 - 25 NA 0.680 NA < 36 148 0 0.243 0.47 
Chloroform 80 MCL 5 0 - 25 NA 48.4 NA < 56 9,520 0 0.471 1 
Chloroform 1.1 Cal 0 - 25 NA 0.666 4 NA < 56 131 4 0 0.471 1 
Chloroform 0.5 CRDL 0 - 25 NA 0.303 4 NA < 56 59.5 4 0 0.471 1 
1,3-Dichlorobenzene 5.0 MCL 6 0 - 25 NA 5.84 NA 79 62.0 0 6.37 < 0.5 
1,3-Dichlorobenzene 0.5 CRDL 0 - 25 NA 0.584 4 NA 79 6.20 4 0 6.37 < 0.5 
1,4-Dioxane7 6.1 RSL 0 - 25 NA 1.01 NA NA NA 0 NA 14 
1,4-Dioxane7 3.0 CNL 0 - 25 NA 0.499 NA NA NA 0 NA 14 
Formaldehyde 7,300 RSL 0 - 25 NA 1,180 NA 71.2 21.7 0 144,000 < 20 
Formaldehyde 100 CNL 0 - 25 NA 16.2 4 NA 71.2 0.297 4 0 144,000 < 20 
Formaldehyde 50 CRDL 0 - 25 NA 8.08 4 NA 71.2 0.149 4 0 144,000 < 20 
Methyl Ethyl Ketone 7,100 RSL 0 - 25 NA 1,560 NA < 34 14,300 0 16.9 < 2.0 
Methyl Ethyl Ketone 1.0 CRDL 0 - 25 NA 0.220 4 NA < 34 2.01 4 0 16.9 < 2.0 
Toluene 150 MCL 0 - 25 NA 69.3 NA 110 6,550 0 2.52 < 0.5 
Toluene 0.5 CRDL 0 - 25 NA 0.231 4 NA 110 21.8 4 0 2.52 < 0.5 
Carbon-14 2,000 MCL8 0 - 25 1,440 0.319 < 0.13 NA NA 0 > 2,000 1,380 
Carbon-14 < 7.25 BGD 9 0 - 25 1,440 < 0.1 < 0.13 NA NA 0 > 2,000 1,380 
Strontium-90 8.0 MCL 0 - 15 25.5 >> 0.056 NA NA 360 < 0.1 < 0.704 
Strontium-90 < 0.481 BGD 9 0 - 15 25.5 >> 0.056 NA NA 360 < 0.1 < 0.704 
Tritium 20,000 MCL 0 - 25 3,080 10 3.19 < 1.2 NA NA 0 > 20,000 14,700 
Tritium < 170 BGD 9 0 - 25 3,080 10 < 1.0 < 1.2 NA NA 0 > 20,000 14,700 
Uranium-238 20 MCL 0 - 5 2.17 1.18 0.65 NA NA 11,000 36.8 1.32 
Uranium-238 < 136 BGD 9 0 - 5 2.17 8.12 0.65 NA NA 11,000 36.8 1.32 

Abbreviations: 
>> Designated level is significantly larger than highest activity-concentrations encountered at Site 
< n not detected; detection limit equal to n. 
BGD background in groundwater 
Cal California EPA cleanup goal for chloroform. 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COC constituent of concern 
CRDL contract-required detection limit 
g/cm3 grams per cubic centimeter 
LEHR/SCDS Laboratory for Energy-related Health Research/ South Campus Disposal Site 
MCL State of California Maximum Contaminant Level, drinking water 
µg/kg micrograms per kilogram 
µg/L micrograms per liter 
µg/m3 micrograms per cubic meter 
NA not applicable 
pCi/g picocuries per gram 
pCi/L picocuries per liter 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, residential tap water 
v/v volume ratio 
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Table D-11. Summary of Designated Level Modeling Results for the Waste Burial Holes Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, Davis (continued) 

Notes: 
Concentrations shown in bold if greater than the designated levels. Detection limits shown in bold if more than twice the designated levels. 
1 Lowest soil vapor designated level among soil types in soil column. Soil vapor designated level may be significantly higher in other soil types. 
2 A time-to-peak of zero means the modeled maximum concentration in groundwater was present immediately (zero years) and the modeled concentration at subsequent time steps was equal to or less than the concentration at zero years. 
3 Maximum concentration during past ten years (1999 - 2008) in downgradient wells UCD1-008, UCD1-013, UCD1-065. 
4 Designated level proportioned from previous (preceding row in table) NUFT result for COC.  Designated level concentrations are mathematically proportional to groundwater goal concentrations. 
5 MCL for total trihalomethanes. 
6 1,4-dichlorobenzene MCL used for 1,3-dichlorobenzene. No MCL or RSL available for 1,3-dichlorobenzene 
7 1,4-dioxane was recently detected in groundwater immediately downgradient of Landfill Unit 2, Eastern Trenches, and Waste Burial Holes; however no soil analyses for 1,4-dioxane have been conducted to date. A soil designated level for 1,4 dioxane was calculated using Landfill Unit 2 lithology for potential use 
during the Feasibility Study. 

8 Derived limit for drinking water from the 4 roentgen equivalent man per year Federal MCL for beta particles and photon emitters (EPA, 2000) 
9 Background values determined from well UCD1-018 groundwater samples data (hydrostratigraphic unit 1 background) up to October 2008. 
10 Calculated from pCi/L activity-concentration based on water content (0.17 v/v) and bulk density (1.45 g/cm3) for silty sand soil type. Data reported in pCi/L were not included in original screening process (see Table 2-2). 
11 Proportioned from designated level, groundwater goal and maximum soil or soil vapor concentration.  Predicted peak groundwater concentrations are mathematically proportional to the initial soil or soil vapor concentration. 
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Table D-12. Summary of Designated-Level Groundwater Constituents of Potential Concern at the Eastern Trenches Area Retained as 
Constituents of Potential Groundwater Concern, Laboratory for Energy-related Health Research/South Campus Disposal 
Site, University of California, Davis 

Designated-Level 
Constituent of 

Potential Concern 

Are the DL COPCs groundwater 
concentrations above site 

background?1 

Are the DL COPC soil 
concentrations above soil 

background and the NUFT soil 
results?2 

Will the DL COPC impact 
groundwater above background 

levels in the next 500 years? 

Retained as 
COPGWC in 

risk 
characterization? 

 = Yes If yes, enter  in  
If no, go to  

If yes, go to  
If no, stop and enter  below 

If yes, enter  in  
If no, stop and enter  below 

Acetone Yes - - 
Carbon disulfide Yes - - 
Chloroform Yes - - 
1,1-Dichloroethane Yes - - 
1,2-Dichloroethane Yes - - 
1,2-Dichloropropane Yes - - 
1,4-Dioxane Yes - - 
Formaldehyde No Yes Yes 
Styrene No - - 
Tetrachloroethene Yes - - 
Toluene No Yes Yes 
Carbon-14 Yes - - 
Tritium Yes - - 
Uranium-235 No - - 

Notes: 
1Maximum COPC groundwater concentrations are shown in Table D-6.  Organic chemical background is assumed zero. For inorganic constituents, compare downgradient groundwater 
concentration to groundwater background concentration.  Results below detection limits are presumed to be below site background.  

2 For volatile organic compounds: Are the DL COPC soil vapor concentrations detected and above the NUFT soil vapor results? 
Abbreviations: 

 not retained as a COPGWC 
 retained as a COPGWC 

-  skip 
COPC constituent of potential concern 
COPGWC constituent of potential groundwater concern 
DL designated-level 
MCL California Maximum Contaminant Level for groundwater 
N/A not available 
NUFT Non-Isothermal, Unsaturated Flow and Transport 
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Table D-13. Summary of Designated-Level Groundwater Constituents of Potential Concern at Landfill Unit 1 Retained as Constituents of 
Potential Groundwater Concern, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of 
California, Davis 

Designated-Level 
Constituent of 

Potential Concern 

Are the DL COPCs groundwater 
concentrations above site 

background?1 

Are the DL COPC soil 
concentrations above soil 

background and the NUFT soil 
results?2 

Will the DL COPC impact 
groundwater above background 

levels in the next 500 years? 

Retained as 
COPGWC in 

risk 
characterization? 

 = Yes If yes, enter  in  
If no, go to  

If yes, go to  
If no, stop and enter  below 

If yes, enter  in  
If no, stop and enter  below 

Acetone Yes - - 
1,3-Butadiene N/A - - 
Formaldehyde No Yes Yes 
Toluene No Yes Yes 
Copper Yes - - 
Selenium Yes - - 
Carbon-14 Yes - - 

Notes: 
1Maximum COPC groundwater concentrations are shown in Table D-7.  Organic chemical background is assumed to be zero. For inorganic constituents, compare downgradient groundwater 
concentration to groundwater background concentration.  Results below detection limits are presumed to be below site background. 

2For volatile organic compounds: Are the DL COPC soil vapor concentrations detected and above the NUFT soil vapor results? 
Abbreviations: 

 not retained as a COPGWC 
 retained as a COPGWC 

-  skip 
COPC constituent of potential concern 
COPGWC constituent of potential groundwater concern 
DL designated-level 
MCL California Maximum Contaminant Level for groundwater 
N/A not available 
NUFT Non-Isothermal, Unsaturated Flow and Transport 
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Table D-14. Summary of Designated-Level Groundwater Constituents of Potential Concern at Landfill Unit 2 Retained as Constituents of 
Potential Groundwater Concern, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of 
California, Davis 

Designated-Level 
Constituent of 

Potential Concern 

Are the DL COPCs groundwater 
concentrations above site 

background?1 

Are the DL COPC soil 
concentrations above soil 

background and the NUFT soil 
results?2 

Will the DL COPC impact 
groundwater above background 

levels in the next 500 years? 

Retained as 
COPGWC in 

risk 
characterization? 

 = Yes If yes, enter  in  
If no, go to  

If yes, go to  
If no, stop and enter  below 

If yes, enter  in  
If no, stop and enter  below 

Acetone Yes - - 
1,3-Butadiene N/A - - 
Carbon disulfide Yes - - 
Chloroform Yes - - 
1,1-Dichloroethane Yes - - 
1,1-Dichloroethene Yes - - 
1,2-Dichloropropane Yes - - 
1,4-Dioxane Yes - - 
Formaldehyde Yes - - 
Methyl Ethyl Ketone Yes - - 
Styrene No - - 
Tetrachloroethene Yes - - 
Toluene Yes - - 
1,1,2-Trichloroethane Yes - - 
Xylenes No Yes Yes 
Cadmium Yes - - 
Silver Yes - - 
Carbon-14 Yes - - 
Strontium-90 No - - 
Uranium-235 No - - 

Notes: 
1Maximum COPC groundwater concentrations are shown in Table D-8.  Organic chemical background is assumed to be zero. For inorganic constituents, compare downgradient groundwater 
concentration to groundwater background concentration.  Results below detection limits are presumed to be below site background. 

2For volatile organic compounds: Are the DL COPC soil vapor concentrations detected and above the NUFT soil vapor results? 
Abbreviations: 

 not retained as a COPGWC 
 retained as a COPGWC 

-  skip 



 

J:\UCDavis\LEHR\2.1_CERCLA_Documents\2.1.1_Draft_FS\2.1.1.2_Data_Gap_Investigation\Data_Gaps_Tech_Memo\Rev0\Appendices\Appendix D\App_D Tables\Word Files\Table D-14.Summary of Designated-Level GW COPCs Unit 2 .doc 

Table D-14. Summary of Designated-Level Groundwater Constituents of Potential Concern at Landfill Unit 2 Retained as Constituents of 
Potential Groundwater Concern LEHR/SCDS, University of California, Davis (continued) 

 
Abbreviations (continued): 
COPC constituent of potential concern 
COPGWC constituent of potential groundwater concern 
DL designated-level 
MCL California Maximum Contaminant Level for groundwater  
N/A not available 
NUFT Non-Isothermal, Unsaturated Flow and Transport 
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Table D-15. Summary of Designated-Level Groundwater Constituents of Potential Concern at Landfill Unit 3 Retained as Constituents of 
Potential Groundwater Concern, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of 
California, Davis 

Designated-Level 
Constituent of 

Potential Concern 

Are the DL COPCs groundwater 
concentrations above site 

background?1 

Are the DL COPC soil 
concentrations above soil 

background and the NUFT soil 
results?2 

Will the DL COPC impact 
groundwater above background 

levels in the next 500 years? 

Retained as 
COPGWC in 

risk 
characterization? 

 = Yes If yes, enter  in  
If no, go to  

If yes, go to  
If no, stop and enter  below 

If yes, enter  in  
If no, stop and enter  below 

Acetone Yes - - 
Formaldehyde N/A Yes Yes 
Toluene No Yes Yes 
Antimony No Yes - 
Barium No Yes Yes 
Cadmium Yes - - 
Copper Yes - - 
Manganese No Yes - 
Silver No Yes - 
Carbon-14 Yes - - 
Strontium-90 No - - 
Tritium No - - 
Uranium-235 No - - 

Notes: 
1Maximum COPC groundwater concentrations are shown in Table D-9.  Organic chemical background is assumed to be zero. For inorganic constituents, compare downgradient groundwater 
concentration to groundwater background concentration.  Results below detection limits are presumed to be below site background. 

2For volatile organic compounds: Are the DL COPC soil vapor concentrations detected and above the NUFT soil vapor results? 
Abbreviations: 

 not retained as a COPGWC 
 retained as a COPGWC 

-  skip 
COPC constituent of potential concern 
COPGWC constituent of potential ground water concern 
DL designated-level 
MCL California Maximum Contaminant Level for ground water  
N/A not available 
NUFT Non-Isothermal, Unsaturated Flow and Transport 
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Table D-16. Summary of Designated-Level Groundwater Constituents of Potential Concern at the Southern Trenches Area Retained as 
Constituents of Potential Groundwater Concern, Laboratory for Energy-related Health Research/South Campus Disposal 
Site, University of California, Davis 

Designated-Level 
Constituent of 

Potential Concern 

Are the DL COPCs groundwater 
concentrations above site 

background?1 

Are the DL COPC soil vapor 
concentrations detected and above 

the NUFT soil vapor results? 

Will the DL COPC impact 
groundwater above background 

levels in the next 500 years? 

Retained as 
COPGWC in 

risk 
characterization? 

 = Yes 
If yes, enter  in  

If no, go to  
If yes, go to  

If no, stop and enter  below 
If yes, enter  in  

If no, stop and enter  below 
Acetone Yes - - 
Carbon disulfide No - - 
Methyl Ethyl Ketone No Yes Yes 
Styrene No - - 
Toluene No Yes Yes 

Note: 
1Maximum COPC groundwater concentrations are shown in Table D-10.  Organic chemical background is assumed zero. Results below detection limits are presumed to be below site 
background. 

Abbreviations: 
 not retained as a COPGWC 
 retained as a COPGWC 

-  skip 
COPC constituent of potential concern 
COPGWC constituent of potential groundwater concern 
DL designated-level 
MCL California Maximum Contaminant Level for groundwater  
N/A not available 
NUFT Non-Isothermal, Unsaturated Flow and Transport 
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Table D-17. Summary of Designated-Level Groundwater Constituents of Potential Concern at the Waste Burial Holes Area Retained as 
Constituents of Potential Groundwater Concern, Laboratory for Energy-related Health Research/South Campus Disposal 
Site, University of California, Davis 

Designated-Level 
Constituent of 

Potential Concern 

Are the DL COPCs groundwater 
concentrations above site 

background?1 

Are the DL COPC soil 
concentrations above soil 

background and the NUFT soil 
results?2 

Will the DL COPC impact 
groundwater above background 

levels in the next 500 years? 

Retained as 
COPGWC in 

risk 
characterization? 

 = Yes If yes, enter  in  
If no, go to  

If yes, go to  
If no, stop and enter  below 

If yes, enter  in  
If no, stop and enter  below 

Acetone No Yes Yes 
Benzene Yes - - 
Chloroform Yes - - 
1,3-Dichlorobenzene No Yes Yes 
1,4-Dioxane Yes - - 
Formaldehyde No Yes Yes 
Methyl Ethyl Ketone No  3 - - 
Toluene No Yes Yes 
Carbon-14 Yes - - 
Strontium-90 No - - 
Tritium Yes - - 
Uranium-238 No Yes - 

Notes: 
1Maximum COPC groundwater concentrations are shown in Table D-11.  Organic chemical background is assumed zero. For inorganic constituents, compare downgradient groundwater 
concentration to groundwater background concentration.  Results below detection limits are presumed to be below site background. 

2For volatile organic compounds: Are the DL COPC soil vapor concentrations detected and above the NUFT soil vapor results? 
3 Methyl ethyl ketone was not detected in soil vapor and the detection limit was reasonably low. 
Abbreviations: 

 not retained as a COPGWC 
 retained as a COPGWC 

-  skip 
COPC constituent of potential concern 
COPGWC constituent of potential groundwater concern 
DL designated-level 
MCL California Maximum Contaminant Level for groundwater  
N/A not available 
NUFT Non-Isothermal, Unsaturated Flow and Transport 

 



 

Table D-18. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at the Eastern Trenches Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, 
University of California, Davis 

Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Data Reliability Recommended Action Basis for Recommendation 

Acetone Localized Possible detected • Groundwater data qualified frequently due to 
laboratory contamination. 

• Common laboratory contaminant. 

No Further Action • Maximum groundwater concentration is approximately two orders of 
magnitude below the RSL. 

• Modeling suggests peak impact above the CRDL in 20 years, but 
groundwater impact will remain far below the RSL. 

       
Carbon disulfide Localized Possible detected • Representative soil vapor sampling and groundwater 

sampling. 
• Detected only once in groundwater; detection 

frequency less than 1%. 

No Further Action • Maximum groundwater concentration is more than three orders of 
magnitude below the RSL, two orders of magnitude below the CNL, 
and the CRDL. 

• Modeling suggests groundwater impact will remain well below the 
RSL and CNL, and below the CRDL. 

• Presence of carbon disulfide in groundwater is questionable due to 
low concentration/low frequency of detection. 

       
Chloroform Localized Yes > MCL, Cal • Good data quality. 

• Representative soil vapor sampling and groundwater 
sampling. 

Evaluate in FS • Currently impacting groundwater above the MCL and California EPA 
cleanup goal. 

• Modeling suggests peak impact in 24 years. 
       
1,1-Dichloroethane Localized Possible >MCL • Good data quality. 

• Representative soil vapor sampling and groundwater 
sampling. 

Evaluate in FS • Currently impacting groundwater above the MCL. 
• Modeling suggests peak impact 15 years. 

       
1,2-Dichloroethane Localized Possible >MCL • Good data quality. 

• Representative soil vapor sampling and groundwater 
sampling. 

Evaluate in FS • Currently impacting groundwater above the MCL. 
• Modeling suggests peak impact 15 years. 

       
1,2-Dichloropropane Localized Possible detected • Good data quality. 

• Representative soil vapor sampling and groundwater 
sampling. 

Evaluate in FS • Detected in groundwater. 
• Modeling suggests groundwater impact above the MCL in 16 years. 

       
Formaldehyde Localized Yes not detected • Limited groundwater data. 

• Representative soil vapor sampling. 
No Further Action • Formaldehyde was not detected in one Data Gaps grab groundwater 

sample collected in 2008 and two downgradient groundwater samples 
collected in 2009. No other groundwater samples were available for 
formaldehyde. 

• Modeling suggests groundwater impact above the CNL and RSL in 16 
years.  

• Formaldehyde expected to biodegrade quickly upon reaching 
groundwater.2 

       
1,4-Dioxane No data Possible >CNL, RSL • Limited groundwater sampling. 

• No soil sample data. 
Evaluate in FS • Downgradient groundwater above groundwater goals (CNL and 

RSL). 
• Modeling suggests peak impact in 17 years. 

       
Tetrachloroethene Localized Possible detected • Good data quality. 

• Representative soil vapor sampling and ground water 
sampling. 

No Further Action • Maximum groundwater concentration is below the MCL. 
• Modeling suggests groundwater impact will remain below the MCL. 

       



 

Table D-18. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at the Eastern Trenches Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, 
University of California, Davis (continued) 
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Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Data Reliability Recommended Action Basis for Recommendation 

Toluene Localized Yes not detected • Good data quality. 
• Representative soil vapor sampling and groundwater 

sampling. 

No Further Action • Not detected in groundwater. 
• Modeling suggests groundwater impact will remain below the MCL. 
• Toluene expected to biodegrade quickly upon reaching groundwater.3

       
Carbon-14 Localized Yes > bkgd • Some qualified soil data. 

• Representative soil and groundwater sampling. 
Evaluate in FS • Currently impacting groundwater above background but below MCL.

• Modeling suggests peak impact above background and the MCL in 28 
years. 

       
Tritium Localized Yes > bkgd • Good data quality. 

• Representative soil and groundwater sampling. 
Evaluate in FS • Currently impacting groundwater above background but below MCL.

• Modeling suggests peak impact above background and the MCL in 23 
years. 

Notes: 
1Level of groundwater impact assessed using the most recent ten years (1999 - 2008) of monitoring data from downgradient wells UCD1-008, UCD1-009, UCD1-012, UCD1-013, UCD1-049, UCD1-050, UCD1-051 and UCD1-066. Note: these wells are also directly downgradient of Landfill Unit 2. 
2 The published range of biodegradation half lives for formaldehyde in ground water is a few hours to 14 days (Howard, 1991). 
3 The published range of biodegradation half lives for toluene in ground water is 7 days to 4 weeks (Howard, 1991). 
 
Abbreviations: 
> greater than 
< less than 
bkgd background 
Cal California EPA cleanup goal for chloroform 
COPGWC constituent of potential ground water concern  
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
CRDL contract-required detection limit 
FS Feasibility Study 
MCL California Maximum Contaminant Level for ground water  
NA not available 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, 2008 
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Table D-19. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at Landfill Unit 1, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of 
California, Davis 

Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Data Reliability Recommended Action Basis for Recommendation 

Acetone Random Possible detected • Representative soil vapor sampling. 
• Low frequency of detection in soil and groundwater. 
• Common laboratory contaminant. 

No Further Action • Maximum groundwater concentration was significantly below the 
RSL. 

• Modeling suggests peak impact above the CRDL in 24 years, but 
groundwater impact will remain far below the RSL.  

• Low frequency of detection in groundwater. 
       
Formaldehyde Not in soil vapor Yes not detected • Limited groundwater data. 

• Representative soil vapor sampling. 
No Further Action • Formaldehyde was not detected in two groundwater samples collected 

in 2009. No other groundwater samples were available for 
formaldehyde. 

• Modeling suggests groundwater impact above the CNL and RSL in 21 
years.  

• Formaldehyde expected to biodegrade quickly upon reaching 
groundwater.2 

       
Toluene Random Yes not detected • Good data quality. 

• Representative soil vapor sampling and groundwater 
sampling. 

No Further Action • Not detected in downgradient groundwater. 
• Modeling suggests groundwater impact will remain below the MCL. 
• Toluene expected to biodegrade quickly upon reaching groundwater.3

       
Copper Localized Yes > bkgd • Representative soil sampling. 

• Good soil sample data quality. 
Evaluate in FS • Maximum groundwater concentration is above background. 

• Modeling suggests peak groundwater concentration will arrive in 770 
years.  

       
Selenium Localized Possible > bkgd • Representative soil sampling. 

• Good data quality. 
Evaluate in FS • Above background in downgradient groundwater. 

• Not detected in Data Gaps grab groundwater sample LF1-2. 
• Modeling suggests impact currently above background and the MCL.

       
Carbon-14 Localized Yes > bkgd • Representative soil sampling. 

• Detected in only one of 31 groundwater samples. 
• Single groundwater detection had high counting 

error. 

Evaluate in FS • Downgradient groundwater potentially above background; high 
uncertainty in single detection above groundwater background. 

• Not detected in Data Gaps grab groundwater sample LF1-2. 
• Modeling suggests impact above background and MCL in 43 years. 

Notes: 
1Level of groundwater impact assessed using the most recent ten years (1999 - 2008) of monitoring data from downgradient wells UCD1-11 and UCD1-62. 
2 The published range of biodegradation half lives for formaldehyde in ground water is a few hours to 14 days (Howard, 1991). 
3 The published range of biodegradation half lives for toluene in ground water is 7 days to 4 weeks (Howard, 1991). 
Abbreviations: 
> greater than 
< less than 
bkgd background 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COPGWC constituent of potential ground water concern  
CRDL contract-required detection limit 
FS Feasibility Study 
MCL California Maximum Contaminant Level for ground water  
NA not available 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, 2008 
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Table D-20. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at Landfill Unit 2, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of 
California, Davis 

Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Data Reliability Recommended Action Basis for Recommendation 

Acetone Localized Possible detected • Representative soil vapor sampling. 
• Many groundwater sample results are qualified due 

to laboratory contamination. 
• Common laboratory contaminant. 

Evaluate in FS • Significant concentration in soil gas (3,900 ug/m3 maximum). 
• Modeling suggests peak impact above the CRDL in 12 years, but 

groundwater impact predicted to remain below the RSL.  
• Maximum groundwater concentration was significantly below the 

RSL. 
       
Carbon disulfide Localized Possible detected • Representative soil vapor sampling and ground water 

sampling. 
• Detected only once in groundwater; detection 

frequency less than 1%. 

No Further Action • Maximum groundwater concentration is more than three orders of 
magnitude below the RSL, two orders of magnitude below the CNL, 
and below the CRDL. 

• Modeling suggests groundwater impact will remain well below the 
RSL and CNL, and below the CRDL. 

• Presence of carbon disulfide in groundwater is questionable due to 
low concentration/low frequency of detection. 

       
Chloroform Localized Yes detected, >RSL, MCL • Representative groundwater2 and soil vapor 

sampling. 
Evaluate in FS • Concentration in groundwater is above groundwater goals (RSL and 

MCL). 
• Modeling suggests peak groundwater concentration in 10 years. 

       
1,1-Dichloroethane Localized Possible detected, >MCL • Representative groundwater2 and soil vapor 

sampling. 
Evaluate in FS • Downgradient groundwater above groundwater goal (MCL). 

• Not detected in Data Gaps grab groundwater samples. 
• Modeling suggests peak groundwater concentration in 10 years. 

       
1,1-Dichloroethene Localized Possible detected, >MCL, 

declining trend 
• Representative groundwater2 and soil vapor 

sampling. 
No Further Action • Concentrations of 1,1-dichloroethene have steadily declined in 

downgradient wells over past 10 years and were below the MCL in 
2007, 2008, and first half of 2009. 

• Low concentration /non-detect in Data Gaps grab groundwater 
samples. 

• Modeling predicts impact below the MCL. 
       
1,2-Dichloropropane Localized Possible detected • Representative groundwater2 and soil vapor 

sampling. 
• Not detected in most groundwater samples. 

Evaluate in FS • Detected in downgradient groundwater. 
• Not detected in Data Gaps grab groundwater samples. 
• Modeling suggests impact above the MCL in 10 years. 

       
1,4-Dioxane No data Possible >CNL, RSL • Limited groundwater2 sampling. 

• No soil sample data. 
Evaluate in FS • Downgradient groundwater above groundwater goals (CNL and 

RSL). 
• Modeling suggests peak impact in 8 years. 

       
Formaldehyde Localized Yes detected • Limited groundwater data. 

• Representative soil vapor sampling. 
No Further Action • Low concentrations of formaldehyde were detected in two of three 

Data Gaps grab groundwater samples and formaldehyde was not 
detected in two downgradient groundwater samples collected in 2009. 
No other groundwater samples were available for formaldehyde. 

• Modeling suggests groundwater impact above the CNL and RSL in 9 
years.  

• Formaldehyde expected to biodegrade quickly upon reaching 
groundwater.3 
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Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Data Reliability Recommended Action Basis for Recommendation 

Methyl Ethyl Ketone Random Possible detected • Representative groundwater2 and soil vapor 
sampling. 

• Not detected in groundwater since December 2000. 
• Low concentrations in soil vapor. 

No Further Action • Maximum groundwater concentration was more than two orders of 
magnitude below the RSL. 

• Modeling suggests peak impact above the CRDL in 11 years, but 
groundwater impact will remain far below the RSL. 

       
Tetrachloroethene Localized Possible detected • Representative groundwater2 and soil vapor 

sampling. 
No Further Action • Maximum groundwater concentration is below the MCL. 

• Modeling suggests tetrachloroethene is currently at its peak 
concentration in groundwater and that the concentration will remain 
below the MCL. 

       
Toluene Localized Yes not detected • Representative groundwater2 and soil vapor 

sampling. 
• Not detected in groundwater since 2002. 

No Further Action • Toluene is currently not detected in groundwater. 
• Toluene expected to biodegrade quickly upon reaching groundwater.3

• Without accounting for biodegradation, modeling suggests impact 
slightly above the MCL in 13 years. 

       
1,1,2-Trichloroethane Random Possible detected, >MCL, 

declining trend 
• Representative groundwater2 and soil vapor 

sampling. 
• Present in groundwater and soil but not detected in 

soil vapor.  
• Some soil vapor samples had high detection limits. 

No Further Action • Concentrations of 1,1,2-trichloroethane in downgradient groundwater 
indicate a declining trend. 

• Not detected in Data Gaps grab groundwater samples. 
• 1,1,2-trichloroethane not detected in soil vapor. 

       
Xylenes Localized Yes not detected • Representative groundwater2 and soil vapor 

sampling. 
No Further Action • Xylenes are currently not detected in groundwater. 

• Xylenes are expected to biodegrade quickly upon reaching 
groundwater.3 

• Without accounting for biodegradation, modeling suggests that 
groundwater concentrations will remain significantly below the MCL.

• Modeling suggests groundwater concentrations are currently at their 
peak. 

       
Cadmium Localized Possible >bkgd • Representative soil sampling. 

• Limited groundwater sampling.  
• Soil detection limits above background. 

Evaluate in FS • Downgradient groundwater concentration is above background. 
However, downgradient groundwater data are limited/uncertain. 

• Not detected in Data Gaps grab groundwater sample. 
• Modeling suggests impact above background and the MCL. 

       
Silver Localized Possible >bkgd • Representative soil sampling. 

• Limited groundwater sampling. 
No Further Action • Downgradient groundwater concentration is above background but 

more than three orders of magnitude below the MCL. 
• Not detected in Data Gaps grab groundwater sample. 
• Modeling suggests impact will remain below the MCL. 
• Peak impact predicted to occur in 5,000 years. 

       
Carbon-14 Localized Yes >bkgd • Representative soil and groundwater sampling. 

• Soil samples have high detection limits. 
Evaluate in FS • Groundwater concentration is above background. 

• Modeling suggests impact above background and the MCL in 10 
years. 

Notes: 
1Level of groundwater impact assessed using the most recent ten years (1999 - 2008) of monitoring data from downgradient wells UCD1-8, UCD1-009, UCD1-012, UCD1-13, UCD1-049, UCD1-050, UCD1-051 and UCD1-66. Mass of contamination in disposal unit used to conservatively predict area of 
groundwater impact. 

2 The groundwater data are from wells downgradient of both Eastern Trenches and Landfill Unit 2 areas. Groundwater contamination could be from either area. 
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Notes (continued) 
3 The published range of biodegradation half lives for formaldehyde in ground water is a few hours to 14 days; the published range for toluene is 7 days to 4 weeks; the published range for xylenes is 2 weeks to 12 months (Howard, 1991). 
Abbreviations: 
> greater than          MCL  California Maximum Contaminant Level for groundwater 
< less than           NA  not available 
bkgd background          RSL  United States Environmental Protection Agency Region 9 Regional Screening Level, 2008 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COPGWC constituent of potential ground water concern  
CRDL contract-required detection limit 
FS Feasibility Study 



 

J:\UCDavis\LEHR\2.1_CERCLA_Documents\2.1.1_Draft_FS\2.1.1.2_Data_Gap_Investigation\Data_Gaps_Tech_Memo\Rev0\Appendices\Appendix D\App_D Tables\Word Files\Table D-21.Summary of Major Factors Driving GW Risk and Recommendations Unit 3.doc 

Table D-21. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at Landfill Unit 3, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, 
Davis 

Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Data Reliability Recommended Action Basis for Recommendation 

Acetone Random Possible 
 

detected • Representative soil vapor sampling. 
• Some groundwater sample results are qualified due 

to laboratory contamination. 
• Common laboratory contaminant. 

No Further Action • Maximum groundwater concentration more than three orders of 
magnitude below the RSL. 

• Modeling suggests peak impact above the CRDL, but groundwater 
impact will remain far below the RSL.  

       
Formaldehyde Localized Yes NA • No recent groundwater data. 

• Representative soil vapor sampling. 
Evaluate in FS4 • No monitoring data were collected within the past ten years. 

• Modeling suggests groundwater impact above the CNL and RSL.  
• Formaldehyde expected to biodegrade quickly upon reaching 

groundwater.2 
       
Toluene Random Yes not detected • Representative soil vapor sampling and groundwater 

sampling. 
• Good data quality. 

No Further Action • Not detected in downgradient groundwater. 
• Modeling suggests groundwater impact will remain below the MCL. 
• Toluene expected to biodegrade quickly upon reaching groundwater.3

       
Barium Random Possible detected • Representative soil sampling. 

• Limited groundwater sampling (2 samples). 
Evaluate in FS 5 • Maximum groundwater concentration is below background and the 

MCL, but data are very limited. 
• Modeling suggests barium impact above background and the MCL. 

       
Cadmium Localized Possible >bkgd • Representative soil sampling but most sample results 

have detection limits above background. 
• Limited groundwater sampling (2 samples). 

Evaluate in FS • Maximum groundwater concentration is above background. 
• Modeling suggests cadmium is at its peak concentration in 

groundwater and is predicted to currently exceed background and the 
MCL. 

       
Copper Localized Yes >bkgd • Representative soil sampling. 

• Limited groundwater sampling (2 samples). 
Evaluate in FS • Maximum groundwater concentration is above background. 

• Modeling suggests peak groundwater concentration above 
background and the MCL will arrive in 4,000 years. 

       
Carbon-14 Localized Yes >bkgd • Representative soil sampling but most sample results 

have detection limits above background. 
• Limited groundwater sampling (5 samples). 

Evaluate in FS • Maximum groundwater concentration is above background. 
• Not detected in Data Gaps grab groundwater sample. 
• Modeling suggests peak impact above background and MCL in 140 

years. 

Notes: 
1Level of groundwater impact assessed using the most recent ten years (1999 - 2008) of monitoring data from downgradient wells UCD1-10 and UCD1-64. 
2 The published range of biodegradation half lives for formaldehyde in ground water is a few hours to 14 days (Howard, 1991). 
3 The published range of biodegradation half lives for toluene in ground water is 7 days to 4 weeks (Howard, 1991). 
4 This decision will be revisited when groundwater formaldehyde data are available for well UCD1-64 in first quarter 2010. 
5 This decision will be revisited when additional groundwater barium data are available in first quarter 2010. 
Abbreviations: 
> greater than 
< less than  
bkgd background 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COPGWC constituent of potential ground water concern  
CRDL contract-required detection limit 
FS Feasibility Study 
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Table D-21. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at Landfill Unit 3, Laboratory for Energy-related Health Research/South Campus Disposal Site, University of California, 
Davis (continued) 

 
Abbreviations (continued): 
MCL California Maximum Contaminant Level for ground water  
NA not available 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, 2008 
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Table D-22. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at the Southern Trenches Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, University 
of California, Davis 

Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Uncertainty Recommended Action Basis for Recommendation 

Acetone Localized Possible detected • Representative soil vapor sampling. 
• All but two of the detected concentrations in 

groundwater are qualified due to laboratory 
contamination. 

• Common laboratory contaminant. 

No Further Action • Maximum groundwater concentration more than three orders of 
magnitude below the RSL. 

• Modeling suggests groundwater concentrations will remain 
more than two orders of magnitude below the RSL.  

       
Methyl Ethyl Ketone Random Possible not detected • Representative groundwater and soil vapor 

sampling. 
• Low concentrations in soil vapor. 

No Further Action • Methyl ethyl ketone is currently not detected in groundwater. 
• Modeling suggests groundwater concentrations are currently at 

their peak and will remain far below the RSL. 
       
Toluene Localized Yes not detected • Representative groundwater and soil vapor 

sampling. 
• Low concentrations in soil vapor. 

No Further Action • Toluene is currently not detected in groundwater. 
• Toluene expected to biodegrade quickly upon reaching 

groundwater.2 
• Without accounting for biodegradation, modeling suggests 

impact slightly above the CRDL and well below the MCL. 

Notes: 
1 Level of groundwater impact assessed using the most recent ten years (1999 - 2008) of monitoring data from downgradient wells UCD1-008, UCD1-013 and UCD1-024. 
2 The published range of biodegradation half lives for toluene in groundwater is 7 days to 4 weeks (Howard, 1991). 
Abbreviations: 
> greater than 
< less than 
bkgd background 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COPGWC constituent of potential ground water concern  
CRDL contract-required detection limit 
FS Feasibility Study 
MCL California Maximum Contaminant Level for ground water  
NA not available 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, 2008 
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Table D-23. Summary of Major Factors Driving Ground Water Risk and Recommendations for Future Action at the Waste Burial Holes Area, Laboratory for Energy-related Health Research/South Campus Disposal Site, University 
of California, Davis 

Driver COPGWC Spatial 
Distribution 

Historically 
Used at the 

Site 

Level of Ground 
Water Impact 1 Data Reliability Recommended Action Basis for Recommendation 

Acetone Random Possible not detected • Representative groundwater2 and soil vapor 
sampling. 

• Three of 15 groundwater samples qualified due to 
laboratory contamination. 

• Common laboratory contaminant. 

No Further Action • Acetone was not detected in groundwater. 
• Modeling suggests groundwater concentrations are currently at their peak and 

will remain more than two orders of magnitude below the RSL.  

       
Benzene Not in soil vapor Yes detected • Representative groundwater2 and soil vapor 

sampling. 
• All soil vapor results are below the detection limit. 

No Further Action • One trace concentration detected out of 15 downgradient groundwater samples.
• Benzene was not detected in the soil vapor samples. 
• Downgradient groundwater concentrations are currently below the MCL and 

modeling suggests that concentrations will remain below the MCL. 
       
Chloroform Not in soil vapor Yes detected • Representative groundwater2 and soil vapor 

sampling. 
• All soil vapor results are below the detection limit. 

No Further Action • Chloroform was not detected in the soil vapor samples. 
• Chloroform in downgradient groundwater is due to contamination in Landfill 

Unit 2 and Eastern Trenches areas.2 
       
1,3-Dichlorobenzene Random Possible not detected • Representative groundwater2 and soil vapor 

sampling. 
No Further Action • 1,3-Dichlorobenzene was not detected in groundwater.  

• Modeling suggests 1,3-dichlorobenzene is currently at its peak concentration in 
groundwater and that a localized area will only slightly exceed the MCL. 

       
Formaldehyde Not in soil vapor Yes not detected • Limited groundwater data (two samples). 

• Representative soil vapor sampling. 
No Further Action • A low concentration of Formaldehyde was detected in the Data Gaps grab 

groundwater sample and formaldehyde was not detected in one downgradient 
well groundwater sample collected in 2009. No other groundwater samples 
were available for formaldehyde. 

• Modeling suggests groundwater impact above the CNL and RSL.  
• Formaldehyde expected to biodegrade quickly upon reaching groundwater.3 

       
1,4-Dioxane No data Possible >CNL, RSL • Limited groundwater2 sampling. 

• No soil sample data. 
Evaluate in FS • Downgradient groundwater above groundwater goals (CNL and RSL). 

• Modeling suggests groundwater concentrations are currently at their peak. 
       
Toluene Localized Yes not detected • Representative groundwater and soil vapor 

sampling. 
• Low concentrations in soil vapor. 

No Further Action • Toluene was not detected in groundwater. 
• Low concentrations in soil vapor. 
• Toluene expected to biodegrade quickly upon reaching groundwater.4 
• Without accounting for biodegradation, modeling suggests impact slightly 

above the CRDL and well below the MCL. 
       
Carbon-14 Localized Yes >bkgd • Representative soil and groundwater sampling. 

• Some soil samples have high detection limits. 
Evaluate in FS • Downgradient groundwater concentration is above background. 

• Modeling suggests impact above background and the MCL. 
       
Tritium Localized Yes >bkgd • Representative soil and groundwater sampling. 

• Soil samples have high detection limits. 
Evaluate in FS • Downgradient groundwater concentration is above background. 

• Modeling suggests impact above background and the MCL. 

Notes: 
1Level of groundwater impact assessed using the most recent ten years (1999 - 2008) of monitoring data from downgradient wells UCD1-008, UCD1-013, UCD1-065. 
2 The groundwater data from wells UCD1-008, UCD1-013 are downgradient of the Waste Burial Holes, Eastern Trenches and Landfill Unit 2 areas. Groundwater contamination in these wells could be from any of the three areas. 
3 The published range of biodegradation half lives for formaldehyde in ground water is a few hours to 14 days (Howard, 1991). 
4 The published range of biodegradation half lives for toluene in ground water is 7 days to 4 weeks (Howard, 1991). 
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Abbreviations: 
> greater than        
< less than         
bkgd background 
CNL California Notification Level, California Department of Public Health - Drinking Water Program 
COPGWC constituent of potential ground water concern  
CRDL contract-required detection limit 
FS Feasibility Study 
MCL California Maximum Contaminant Level for ground water  
NA not available 
RSL United States Environmental Protection Agency Region 9 Regional Screening Level, 2008 
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ATTACHMENT D1 

CONCENTRATION VS. DEPTH PLOTS FOR DL COPCS 
THAT ATTENUATE WITH DEPTH 



Landfill Unit 1 Copper



Landfill Unit 2 Silver



Landfill 2 SR-90



Landfill Unit 2 U-235



Landfill Unit 3 Antimony



Landfill Unit 3 Copper



Landfill Unit 3 Manganese



Landfill Unit 3 Silver



Landfill Unit 3 SR-90



Landfill Unit 3 Tritium



Waste Burial Holes SR-90



Waste Burial Holes U-238
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APPENDIX E 

VAPOR INTRUSION SCREENING LEVEL DEVELOPMENT
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Appendix E. Vapor Intrusion Screening Level Development 
 

Risk-based screening values were determined for VOCs in soil vapor in each of the six UC 
Davis disposal areas (i.e., Landfill Unit 1 [LFU1], Landfill Unit 2 [LFU2], Landfill Unit 3 [LFU3], 
Eastern Trenches, Waste Burial Holes [WBHs], and Southern Trenches). The screening values were 
determined using the United States Environmental Protection Agency (USEPA) version of the 
Johnson and Ettinger model (J&E, 1991) as modified by the California Department of Toxic 
Substances Control (DTSC) to include California-specific toxicity factors. The model software 
(spreadsheet) was downloaded from DTSC’s Johnson and Ettinger Model Website (DTSC, 2007). 
This model simulates the transport of soil vapors through subsurface soil into indoor air by both 
diffusion and advection. The model contains a health risk component added by USEPA to calculate 
the risk from inhaling a specific chemical at the concentration estimated in indoor air. Soil vapor 
screening values were determined based on a target risk level of 10-6 for carcinogens and a hazard 
quotient of 1.0 for non-carcinogens. 

Site-specific soil parameters were used in the screening value determinations. The parameters 
were determined from soil samples collected at the LEHR/SCDS site and analyzed by a soil property 
laboratory (DB Stephens, 1996; DB Stephens, 2008). A Weiss Associates geologist compared soil 
boring logs to soil sample geologic descriptions and the soil laboratory results to select representative 
site-specific parameters for each area. Samples matching the most permeable soil type recorded in 
area boring logs within specific depths were used to represent site-specific conditions. The 
parameters were selected for depths of five ft, 15 ft and 25 ft bgs). The representative soil samples, 
their rationale for selection, the soil type and soil parameters are presented in Table E-1.  

A site-specific soil temperature of 65 degrees Fahrenheit (18.3 degrees Celsius) was used to 
correct Henry’s law constant to the appropriate subsurface temperature as recommended by DTSC 
(DTSC, 2005). The temperature is based on in-situ measurements of shallow groundwater at the site.  

Human receptors that could receive exposure to the VOCs in indoor air have been identified 
as onsite indoor researchers and hypothetical future onsite residents. Researchers currently use 
buildings overlying some of the VOC-impacted areas. Residents do not occupy the site, but may 
occupy it in the future. Human health exposure parameters established in the Site-Wide Risk 
Assessment Work Plan (UC Davis, 2002) were used for these receptors. The averaging times for 
carcinogens and non-carcinogens were 70 years and 30 years, respectively.  The residential receptor 
exposure duration and exposure frequency values were 30 years and 350 days per year, respectively. 
Onsite indoor researcher exposure duration and exposure frequency values were 25 years and 250 
days per year, respectively. 

As recommended by DTSC for future building scenarios, the soil gas advection rate of five 
liters per minute and default building parameters were used to determine screening values for 
hypothetical future onsite residents. Onsite indoor researcher screening values were determined using 
the calculation option for soil gas advection rates using site–specific soil parameters. No 
modifications were made to any other building parameter assumptions provided in the model. 
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Vapor intrusion contaminants of potential concern (VI COPCs) were determined using soil 
gas data collected at depths of five, 15 and 25 ft bgs.  All detected VOCs except those with very low 
toxicity and/or low concentrations were identified as VI COPCs. Specifically, ethanol, isopropyl 
alcohol, and hexane were eliminated as VI COPCs. The only detected concentration of hexane in soil 
vapor was 12 µg/m3 in a sample collected at 15 ft bgs in Landfill Unit 1. Isopropyl alcohol was used 
for leak detection during soil gas sampling, therefore concentrations detected are not representative 
of site conditions. Some VOCs that were not detected in soil vapor but were historically detected in 
soil samples (e.g. benzene in the Waste Burial Holes area) were included as VI COPCs. Risk-based 
screening values were determined for all of the VI COPCs.  These screening values are presented in 
Tables 3-1 and 3-2 of this document. 
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Table E-1. Summary of Site-specific Parameters Used in Soil Vapor Screening Value Calculations, LEHR/SCDS, University of California, Davis 

Location 
Depth/s 

(ft) 

Vadose zone  
soil dry bulk 

density 
(g/cm3) 

Vadose zone 
soil total 
porosity 
(unitless) 

Vadose zone soil 
water-filled 

porosity 
(cm3/cm3) Soil Type 

Representative  
Site Sample Rationale for Representative Site Sample Selection 

Eastern Trenches 5, 15 and 25 1.45 0.45 0.17 Silty Sand SSET-2-20 

Silty sand was recorded in the zero to 6 ft depth interval and 18 ft to 27 ft depth interval at the Eastern Trenches. Sample SSET-2-
20 data were selected to represent soil throughout the Eastern Trenches because the sample was from the Eastern Trenches and is 
representative of the majority of soil encountered (sitly sand). Sandy/clayey silt was recorded in the 6 ft to 18 ft depth interval but 
parameters for this soil type were not used because they are less conservative. 

        
Landfill Unit 1 5 1.9 0.29 0.042 Sandy Gravel GEO1 Sandy gravel was recorded in the zero to 6 ft depth interval. Sample GEO1 is representative of this soil type. 
        

Landfill Unit 1 15 and 25 1.45 0.45 0.17 Silty Sand SSET-2-20 
Silty sand was recorded in the 6 ft to 15 ft depth interval. Sample SSET-2-20 data were selected to represent conditions at the 15 
foot depth because SSET-2-20 is representative of sitly sand near Landfill Unit 1. Sandy clay and silty clay were recorded 
between 15 ft and 25 ft, but silty sand sample SSET-2-20 was conservatively selected to represent conditions at the depth of 25 ft. 

        
Landfill Unit 2 5 and 15 1.9 0.29 0.042 Sandy Gravel GEO1 Sandy gravel was recorded in the zero to 14 ft depth interval. Sample GEO1 is representative of this soil type. 
        

Landfill Unit 2 25 1.45 0.45 0.17 Silty Sand SSET-2-20 Silt and silty sand were recorded in the 14 ft to 27 ft depth interval at Landfill Unit 2. Sample SSET-2-20 is representative of sitly 
sand.  

        
Landfill Unit 3 5 1.9 0.29 0.042 Sandy Gravel GEO1 Sandy gravel was recorded in the zero to 10 ft depth interval. Sample GEO1 is representative of this soil type. 
        

Landfill Unit 3 15 and 25 1.45 0.45 0.17 Silty Sand SSET-2-20 
Silty sand was recorded in the 10 ft to 15 ft depth interval. Data from silty sand sample SSET-2-20 were selected to represent 
conditions at 15 ft. Silty clay was recorded between 15 ft and 25 ft, but silty sand sample SSET-2-20 was conservatively selected 
to represent conditions at 25 ft. 

        
Southern Trenches 5 1.9 0.29 0.042 Sandy Gravel GEO1 Sandy gravel was recorded in the zero to 5 ft depth interval. Sample GEO1 is representative of this soil type. 
        

Southern Trenches 15 and 25 1.45 0.45 0.17 Silty Sand SSET-2-20 
Silty clay was recorded in the 5 ft to 8 ft depth interval and silty sand was recorded in the 8 ft to 15 ft depth interval. Data from 
silty sand sample SSET-2-20 were selected to represent conditions at 15 ft. Silty clay was recorded between 15 ft and 25 ft, but 
silty sand sample SSET-2-20 was conservatively selected to represent conditions at 25 ft. 

        

Waste Burial Holes 5 1.72 0.35 0.271 Silty Gravel 
Fill SSWBH-3-5 Silty gravel was recorded in the zero to 6 ft depth interval. Sample SSWBH-3-5 data were selected because the sample is 

representative of silty gravel unique to the Waste Burial Holes.  
        

Waste Burial Holes 15 and 25 1.45 0.45 0.17 Silty Sand SSET-2-20 
Silty sand was recorded in the 6 ft to 17 ft depth interval. Data from silty sand sample SSET-2-20 were selected to represent 
conditions at 15 ft. Silty clay was recorded between 17 ft and 25 ft, but silty sand sample SSET-2-20 was conservatively selected 
to represent conditions at 25 ft. 

 
Abbreviations:  
g/cm3 grams per cubic centimeter 
cm3/cm3 volume ratio in cubic centimeters 
ft feet 
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