


CONTENTS  

RAW, Richmond Bay Campus i November 25, 2013 

ACRONYMS AND ABBREVIATIONS ..................................................................................... vii 

EXECUTIVE SUMMARY .......................................................................................................ES-1 

1.0  INTRODUCTION AND PURPOSE ...................................................................................1 
1.1  RAW PROCESS .........................................................................................................2 

1.1.1  Regulatory Basis for the RAW ....................................................................2 
1.1.2  Objectives of the RAW ................................................................................3 
1.1.3  Elements of the RAW ..................................................................................3 

1.2  PURPOSE ...................................................................................................................3 

2.0  SITE CHARACTERIZATION ............................................................................................5 
2.1  SITE OWNER .............................................................................................................5 
2.2  SITE DESCRIPTION ....................................................................................................5 

2.2.1  Site Land Use (1950 to 2013) ......................................................................5 
2.2.2  Future Site Uses ...........................................................................................6 
2.2.3  Historic Uses ................................................................................................7 
2.2.4  Adjacent Properties ......................................................................................8 

2.3  PREVIOUS INVESTIGATIONS ......................................................................................9 
2.3.1  Pre-FSW Investigations ...............................................................................9 
2.3.2  FSW Investigations ....................................................................................10 
2.3.3  Previous Cleanup Actions ..........................................................................10 

2.4  NATURE AND EXTENT OF CONTAMINATION ............................................................10 
2.4.1  Soil Sample Results ...................................................................................11 
2.4.2  Groundwater Results ..................................................................................14 
2.4.3  Fate and Transport .....................................................................................15 

2.5  HUMAN HEALTH RISK ASSESSMENT .......................................................................16 
2.5.1  Identification of Chemicals of Potential Concern ......................................16 
2.5.2  Exposure Assessment.................................................................................17 
2.5.3  Toxicity Assessment ..................................................................................18 
2.5.4  Risk Characterization .................................................................................18 

2.6  ECOLOGICAL EVALUATION .....................................................................................19 
2.7  SCR CONCLUSIONS AND TRANSITION TO RAW .....................................................19 

2.7.1  RAW Evaluation of SCR Soil Recommendations .....................................20 
2.7.2  RAW Evaluation of SCR Groundwater Recommendations ......................21 

3.0  REMOVAL ACTION OBJECTIVES, GENERAL RESPONSE ACTIONS, AND 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS .................23 
3.1  REMOVAL ACTION OBJECTIVES ..............................................................................23 
3.2  GENERAL RESPONSE ACTIONS ................................................................................26 

3.2.1  No Action ...................................................................................................26 



CONTENTS (CONTINUED) 

RAW, Richmond Bay Campus ii November 25, 2013 

3.2.2  Land Use Controls .....................................................................................26 
3.2.3  Active Remediation ...................................................................................27 
3.2.4  Monitoring .................................................................................................28 
3.2.5  Screening of Technologies .........................................................................28 

3.3  REMOVAL ACTION ALTERNATIVES .........................................................................29 
3.3.1  Soil Alternatives.........................................................................................29 
3.3.2  Groundwater Alternatives ..........................................................................31 

3.4  APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS ............................34 

4.0  ALTERNATIVES EVALUATION ...................................................................................35 
4.1  CLEANUP OF PCB AREAS .......................................................................................35 
4.2  EVALUATION OF ALTERNATIVES FOR MFA ............................................................36 

4.2.1  MFA Alternative S-1 – No Action.............................................................36 
4.2.2  MFA Alternative S-2 – Excavation to Unrestricted Use ...........................36 
4.2.3  MFA Alternative S-3 – Excavation to Commercial Use, LUCs,  

and SMP .....................................................................................................37 
4.2.4  MFA Alternative S-4 – LUCs ....................................................................38 
4.2.5  MFA Alternative S-5 – Asphalt Cap, LUCs, and SMP .............................40 

4.3  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR MFA .........................................40 
4.3.1  Effectiveness ..............................................................................................41 
4.3.2  Implementability ........................................................................................42 
4.3.3  Cost Effectiveness ......................................................................................42 
4.3.4  Recommended Alternative for MFA .........................................................42 

4.4  EVALUATION OF ALTERNATIVES FOR CORPORATION YARD ...................................42 
4.4.1  Corporation Yard Alternative S-1 – No Action .........................................43 
4.4.2  Corporation Yard Alternative S-2 – Excavation to Unrestricted Use........43 
4.4.3  Corporation Yard Alternative S-3 – Excavation to Commercial Use,  

LUCs, and SMP .........................................................................................44 
4.4.4  Corporation Yard Alternative S-4 – LUCs ................................................45 

4.5  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR CORPORATION YARD ................46 
4.5.1  Effectiveness ..............................................................................................46 
4.5.2  Implementability ........................................................................................47 
4.5.3  Cost Effectiveness ......................................................................................47 
4.5.4  Recommended Alternative for Corporation Yard ......................................47 

4.6  EVALUATION OF ALTERNATIVES FOR REMAINDER OF RES AREA ..........................47 
4.6.1  RES Alternative S-1 – No Action ..............................................................48 
4.6.2  RES Alternative S-2 – Excavation to Unrestricted Use.............................48 
4.6.3  RES Alternative S-3 – Excavation to Commercial Use, LUCs,  

and SMP .....................................................................................................49 



CONTENTS (CONTINUED) 

RAW, Richmond Bay Campus iii November 25, 2013 

4.6.4  RES Alternative S-4 – LUCs .....................................................................50 
4.7  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR REMAINDER OF RES AREA .......50 

4.7.1  Effectiveness ..............................................................................................50 
4.7.2  Implementability ........................................................................................51 
4.7.3  Cost Effectiveness ......................................................................................51 
4.7.4  Recommended Alternative for Remainder of RES Area ...........................51 

4.8  EVALUATION OF ALTERNATIVES FOR CARBON TETRACHLORIDE AREA .................52 
4.8.1  Alternative GW-1 – No Action ..................................................................52 
4.8.2  Alternative GW-2 – PRB, LUC, and Groundwater Monitoring ................53 
4.8.3  Alternative GW-3 – ISB, LUCs, and Groundwater Monitoring ................54 
4.8.4  Alternative GW-4 – MNA and LUCs ........................................................55 

4.9  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR CARBON TETRACHLORIDE 
AREA ......................................................................................................................56 
4.9.1  Effectiveness ..............................................................................................56 
4.9.2  Implementability ........................................................................................57 
4.9.3  Cost Effectiveness ......................................................................................57 
4.9.4  Recommended Alternative for Carbon Tetrachloride Area .......................57 

4.10  CLEANUP OF TCE-IMPACTED AREAS ......................................................................58 
4.11  SITE-WIDE GROUNDWATER .....................................................................................58 
4.12  OVERALL RECOMMENDED ALTERNATIVES .............................................................58 

5.0  REMOVAL ACTION IMPLEMENTATION ...................................................................59 
5.1  SOIL EXCAVATIONS ................................................................................................60 

5.1.1  Site Preparation and Mobilization .............................................................61 
5.1.2  Excavation..................................................................................................64 
5.1.3  Confirmation Sampling ..............................................................................65 
5.1.4  Stockpiles ...................................................................................................69 
5.1.5  Backfill .......................................................................................................70 
5.1.6  Dust and Erosion Controls .........................................................................71 
5.1.7  Air Monitoring ...........................................................................................71 
5.1.8  Heavy Equipment Decontamination ..........................................................73 
5.1.9  Noise ..........................................................................................................74 
5.1.10  Waste Management ....................................................................................74 
5.1.11  Waste Classification, Loading, Transport, and Disposal ...........................75 
5.1.12  Traffic Controls, Transportation Plan ........................................................79 
5.1.13  Offsite Spill Contingency Plan ..................................................................79 
5.1.14  Site Restoration ..........................................................................................79 
5.1.15  Recordkeeping ...........................................................................................80 
5.1.16  Completion Reporting ................................................................................80 



CONTENTS (CONTINUED) 

RAW, Richmond Bay Campus iv November 25, 2013 

5.2  LAND USE CONTROLS FOR SOIL..............................................................................81 
5.2.1  Deed Restrictions .......................................................................................81 
5.2.2  SMP Protocols ...........................................................................................81 

5.3  GROUNDWATER REMEDY .......................................................................................83 
5.3.1  Carbon Tetrachloride Remedy ...................................................................83 
5.3.2  Site-Wide Groundwater Monitoring ..........................................................85 
5.3.3  TCE Treatment and Monitoring.................................................................85 
5.3.4  LUCs for Groundwater ..............................................................................85 

6.0  CALIFORNIAL ENVIRONMENTAL QUALITY ACT CONSIDERATIONS ..............86 
6.1  PROJECT DESCRIPTION AND EIR CONTENT .............................................................86 
6.2  ROLES AND RESPONSIBILITIES ................................................................................87 
6.3  CEQA PROCESS ......................................................................................................87 

7.0  PUBLIC PARTICIPATION ..............................................................................................88 

8.0  REFERENCES ..................................................................................................................89 

 
 
 



CONTENTS (CONTINUED) 

RAW, Richmond Bay Campus v November 25, 2013 

FIGURES 

1-1 Richmond Bay Campus Location  

1-2 University of California Properties 

1-3 Research, Education and Support Area and Natural Open Space within Site Boundary  

2-1 Physical Features  

2-2 Habitat and Wetlands 

2-3 Historical Potential Source Areas from Former Industrial Operations (Pre 2002) 

2-4 Location of Former and Current Facilities in the Central Portion of Site 

2-5 Location of Former and Current Facilities in the Northern Portion of Site 

2-6 Historical Business, Manufacturing Areas, and Site Feature Locations – Former Zeneca Site 

2-7 Completed Remediation Areas 

2-8 RES Area Soil Sampling Locations with Remedial Goal Exceedances  

2-9 Groundwater Sampling Locations with Commercial VI RBC Exceedances 

4-1 PCB Excavation Areas 

4-2 Proposed Unrestricted Remediation Areas in MFA 

4-3 Proposed Commercial Remediation Areas in MFA 

4-4 Cross-Section of MFA 

4-5 Proposed Asphalt Cap Area in MFA 

4-6 Proposed Unrestricted Remediation Areas in the Corporation Yard 

4-7 Proposed Commercial Remediation Areas in the Corporation Yard  

4-8 Schematic of Alternative GW-2 

4-9 Schematic of Alternative GW-3 

4-10 Schematic of Alternative GW-4 

5-1 RAW Work Zones 

5-2 Proposed Truck Route 

5-3 Truck Routes to Landfills 

TABLES 

ES-1 Remedial Goals, PCB Areas, MFA, Corporation Yard, Carbon Tetrachloride Area, and TCE Areas 

2-1 Pre-FSW Investigations for Richmond Field Station 

2-2 FSW Investigations for Richmond Field Station 



CONTENTS (CONTINUED) 

RAW, Richmond Bay Campus vi November 25, 2013 

TABLES (CONTINUED) 

2-3 Previous Cleanup Actions for Richmond Field Station 

3-1 Categories I and II Soil Screening Criteria 

3-2 Evaluation Criteria 

3-3 Preliminary Screening of General Response Actions and Process Options for the RES 
Area Soil 

3-4 Preliminary Screening of General Response Actions and Process Options for Groundwater 

3-5 Proposed Alternatives 

3-6 Monitored Natural Attenuation Parameter Comparison 

3-7 Federal and State Applicable or Relevant and Appropriate Requirements 

4-1 PCB Areas Cost Estimate 

4-2 MFA Alternative S-2 Cost Estimate 

4-3 MFA Alternative S-3 Cost Estimate 

4-4 MFA Alternative S-4 Cost Estimate 

4-5 MFA Alternative S-5 Cost Estimate 

4-6 Soil Alternatives Comparative Analysis 

4-7 Corporation Yard Alternative S-2 Cost Estimate 

4-8 Corporation Yard Alternative S-3 Cost Estimate 

4-9 Corporation Yard Alternative S-4 Cost Estimate 

4-10 Carbon Tetrachloride Area Alternative GW-2 Cost Estimate 

4-11 Carbon Tetrachloride Area Alternative GW-3 Cost Estimate 

4-12 Carbon Tetrachloride Area Alternative GW-4 Cost Estimate 

4-13 Groundwater Alternatives Comparative Analysis 

4-14 Site-wide Groundwater Monitoring Cost Estimate 

5-1  RAW Removal Action Costs 

ATTACHMENTS 

A DTSC Order 

B Administrative Record List 

C Soil Management Plan 

D Air Monitoring Plan 



 

RAW, Richmond Bay Campus vii November 25, 2013 

ACRONYMS AND ABBREVIATIONS 

µg/L Micrograms per liter 
µg/m3 Micrograms per cubic meter 
μm Micrometer 

ARAR Applicable or relevant and appropriate requirements 
ATSDR Agency of Toxic Substances and Disease Registry 

BAP (EQ) Benzo(a)pyrene equivalent 
Bay Trail East Bay Regional Park District Trail 
bgs Below ground surface 
Bio-Rad Bio-Rad Laboratories 
BMP Best Management Practices 

Cal/EPA California Environmental Protection Agency 
CCC California Cap Company 
CCR Current conditions report 
CEQA California Environmental Quality Act 
CFR Code of Federal Regulations 
COC Chemical of concern 
COPC Chemical of potential concern 
CSV Cherokee Simeon Venture I, LLC 

DCE Dichloroethene 
DO Dissolved oxygen 
DOT Department of Transportation 
DTSC Department of Toxic Substances Control 

EC Engineering controls 
EH&S Office of Environment, Health & Safety 
EIR Environmental Impact Report 
EPA U.S. Environmental Protection Agency 
EPC Exposure point concentration 
ESL Environmental screening level  

FSW Field Sampling Workplan 

GRA General response actions 

HAZWOPER Hazardous Waste Operations and Emergency Response 
HHRA Human health risk assessment 
HI Hazard index 
HSC Health and Safety Code 
HSP Health and Safety Plan 



ACRONYMS AND ABBREVIATIONS (Continued) 

RAW, Richmond Bay Campus viii November 25, 2013 

IC Institutional controls 
IDW Investigation-derived waste 
ISB In-situ bioremediation 

LBNL Lawrence Berkeley National Laboratory 
LRDP Long Range Development Plan 
LUC Land use control 

MCL Maximum Contaminant Level 
MFA Mercury Fulminate Area 
mg/kg Milligrams per kilogram 
mg/L Milligrams per liter 
mil Millimeter 
MNA Monitored natural attenuation 

NCP National Oil and Hazardous Substances Pollution Contingency Plan 
NOI Notice of Intent 
NOP Notice of Preparation 
NOS Natural Open Space 

O&M Operation and maintenance 
OEHHA Cal/EPA Office of Environmental Health Hazard Assessment  
Order DTSC Site Investigation and Remediation Order. Docket No. 

IS/E-RAO 06/07-004 
ORP Oxygen reduction potential 
OSHA Occupational Safety and Health Administration 

PAH Polycyclic aromatic hydrocarbon 
PCB Polychlorinated biphenyl 
PCE Tetrachloroethylene  
PDR Personal Data Rams 
PID Photoionization detector 
PPE Personal protective equipment 
PRB Permeable reactive barrier 
PVC Polyvinyl chloride 

RAO Removal action objective 
RAP Remedial Action Plan 
RAW Removal Action Workplan 
RBC Risk based concentration 
RCRA Resource Conservation and Recovery Act 
REL Reference exposure level 
RES Research, Education, and Support 
RFS Richmond Field Station 



ACRONYMS AND ABBREVIATIONS (Continued) 

RAW, Richmond Bay Campus ix November 25, 2013 

RWQCB California Regional Water Quality Control Board 

SCR Site Characterization Report 
SMP Soil Management Plan 
SSE Selective sequential extraction 
STLC Soluble Threshold Limit Concentration 
SVOC Semivolatile organic compounds 
SWPPD Storm Water Pollution Prevention Plan 

TBC To-be-considered 
TCDD Tetrachlorodibenzo-p-dioxin 
TCE Trichloroethylene 
TCLP Toxicity Characteristic Leaching Procedure Leachate 
TCRA Time-Critical Removal Actions 
TDS Total dissolved solids 
TEQ Toxic equivalence quotient 
Tetra Tech Tetra Tech EM Inc. (1996-2012); currently Tetra Tech, Inc. 
TPH Total petroleum hydrocarbons 
TSCA Toxic Substance Control Act 
TTLC California Total Threshold Limit Concentration 

UC University of California 
UC Berkeley University of California, Berkeley 
UCL Upper Confidence Limit 
URS URS Corporation 

VOC Volatile organic compound 

WET Waste Extraction Test 

ZVI Zero-valent iron  

 



 

RAW, Richmond Bay Campus ES-1 November 25, 2013 

EXECUTIVE SUMMARY 

The technical approaches in this Removal Action Workplan (RAW) are based on the proposed 
land use designations in the Draft Long Range Development Plan Environmental Impact Report 
(LRDP EIR) for the Proposed Richmond Bay Campus, which is scheduled for University of 
California (UC) Regent review in 2014. The California Department of Toxic Substances Control 
(DTSC) decision regarding the finalization of the RAW will take place only if the UC Regents 
approve the LRDP EIR following the UC California Environmental Quality Act (CEQA) process. 
Any relevant changes to the LRDP EIR or descriptions of land use designations that arise in 
connection with the UC CEQA process will be incorporated into this document prior to 
finalization, subject to any further public review process which maybe be required by DTSC. 

In order to maintain the document title and site nomenclature from the public draft to final 
versions, this document has been prepared assuming hypothetically that the LRDP EIR has been 
approved and the property has been designated as the Richmond Bay Campus.  

The UC has established a new major research campus on properties it owns in Richmond, 
California, composed of portions of the Former Richmond Field Station (RFS) and the Regatta 
Property located west of the RFS. The Richmond Bay Campus will provide for the development 
of additional facilities for UC Berkeley and the Ernest Orlando Lawrence Berkeley National 
Laboratory (LBNL) for academic teaching and research focused on energy, environment, and 
health. The Richmond Bay Campus, Long Range Development Plan, identifies the developable 
portion of the new campus as the Research, Education, and Support (RES) Area and the 
remainder as Natural Open Space (NOS) Area.  

UC Berkeley has been conducting investigation and cleanup actions at the Former RFS under the 
oversight of the California Environmental Protection Agency, DTSC, in compliance with the Site 
Investigation and Remediation Order, Docket No. IS/E-RAO 06/07-004 (Order), dated 
September 15, 2006 (DTSC Order). The DTSC Order provides for the investigation and cleanup 
of 96 acres of upland and 13 acres of tidal marsh and transition habitat within the Former RFS. 
UC Berkeley has prepared this RAW under Health and Safety Code (HSC) Section 
25356.1(h)(1) and in compliance with the DTSC Order. For the purposes of this RAW, the 
property defined under the DTSC Order is referred to as the “Former RFS Site” or “Site.” The 
Former RFS Site does not encompass the entire RFS; two outboard parcels are not included in 
the DTSC Order. The Regatta Property included in the Richmond Bay Campus is not included in 
the DTSC Order or this RAW. 

In HSC 25323.1, a RAW is defined as “a workplan prepared or approved by DTSC or a 
California Regional Water Quality Control Board which is developed to carry out a removal 
action, in an effective manner, that is protective of the public health and safety and the 
environment.” A RAW is appropriate when the estimated capital cost of the removal action is 
less than $2,000,000. If the estimated capital cost of implementing the chosen action will exceed 
$2,000,000, a Remedial Action Plan should be prepared. The estimated capital cost of the 
selected remedies recommended in this RAW is estimated to be less than $2,000,000. 

Based on the information developed during site characterization activities at the Former RFS 
Site, UC Berkeley determined that further action is required for the RES Area due to elevated 
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concentrations of mercury, pyrite cinders-related metals (arsenic and lead), polychlorinated 
biphenyls (PCB), polycyclic aromatic hydrocarbons, and dioxins detected in soil samples, as 
well as carbon tetrachloride and trichloroethylene (TCE) in groundwater samples. To address the 
chemicals of concern (COC), the RAW establishes removal action objectives (RAO) that are 
protective of human health, presents a screening of soil and groundwater cleanup technologies, 
and develops and evaluates soil and groundwater alternatives for the Mercury Fulminate Area 
(MFA), the Corporation Yard, the remainder of the RES Area, and the Carbon Tetrachloride 
Area. The remedy for contaminants in groundwater originating from the former Zeneca Site, 
including TCE and its breakdown components, is subject to the former Zeneca Site Investigation 
and Remediation Order (IS/E-RAO 06/07-005). Groundwater with contaminants originating 
from the former Zeneca Site is not subject to this RAW. 

The following RAOs for the RES Area and Site-wide groundwater were developed to protect 
human health based on the COCs for each geographic soil and groundwater area.  

1. For future projects within the RES Area, prevent exposure of commercial, 
maintenance, and construction workers via dermal contact with, and incidental 
ingestion and inhalation of, soil containing chemical concentrations greater than 
the receptor-appropriate risk based concentrations (RBC), background level, or 
other appropriate criterion (presented in Table 3-1).  

2. For the MFA and Corporation Yard, prevent exposure of current maintenance and 
construction workers, and future commercial, maintenance, and construction 
workers via dermal contact with, and incidental ingestion and inhalation of, soil 
containing mercury, arsenic, lead, benzo[a]pyrene equivalent (BAP [EQ]), and 
dioxin concentrations greater than the remedial goals. Since there are no utility 
corridors proposed or imminent future construction activities, the commercial 
worker RBC is the appropriate remedial goal for these locations. In the event of 
future maintenance activities or new projects identified at the MFA or 
Corporation Yard, maintenance and construction worker RBCs will be evaluated. 
Remedial goals for the MFA and Corporation Yard are included in Table ES-1. 

3. For PCB Areas, prevent exposure of current maintenance and construction 
workers and future commercial, maintenance, and construction workers via 
dermal contact with, and incidental ingestion and inhalation of, soil containing 
total PCB concentrations greater than the Toxic Substance Control Act (TSCA) 
high occupancy without further conditions threshold of 1 milligram per kilogram 
(mg/kg). Remedial goals for the PCB Areas are included in Table ES-1. 

4. Prevent exposure of current maintenance and construction workers and future 
commercial, maintenance, and construction workers via inhalation of unsafe 
vapors from groundwater containing carbon tetrachloride or TCE at 
concentrations greater than commercial vapor intrusion RBCs. 
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TABLE ES-1 
REMEDIAL GOALS 

PCB Areas, MFA, Corporation Yard, Carbon Tetrachloride Area, and TCE Areas 

Chemical of Concern 

Receptors   

Commercial 
Worker 

Construction 
Worker 

Maintenance 
Worker Other Criteria 

Remedial 
Goala 

Soil COCs      

Total PCBsb 1.59 9.0 10.5 1c 1 

Arsenic   0.22 1.6 1.6 16 d 16e 

BAP (EQ) f 0.14 0.96 0.96 0.4d 0.4 
Dioxin TEQ g 1.64E-05 1.16E-04 1.16E-04 NA 1.64E-05 
Lead h   320 320 NA NA 320e 
Mercury i 275 77 1921 NA 275 
Groundwater COCs      
Carbon Tetrachloride 2.63 NA NA NA 2.63 
TCE 270j NA NA NA 270 

       Notes: 
All soil COC concentrations in mg/kg. RBCs shown are the minimum values between the cancer and noncancer 
multi-pathway RBCs.  All groundwater COC concentrations in µg/L and represent the commercial vapor intrusion 
RBC.  Vapor intrusion has been identified as the primary pathway of concern for groundwater.  

  
       

a Remedial goals are cleanup goals for the PCB Areas, MFA, Corporation Yard, Carbon 
Tetrachloride Area, and TCE Areas.  The commercial worker is the appropriate receptor to evaluate 
for this RAW; therefore the remedial goals are based on the commercial worker RBC, background, 
or TSCA criterion. 

 

b RES Area PCB COC includes Aroclor-1248, Aroclor-1254, and Aroclor-1260.  The receptor-
specific RBC is the sum of the individual RBCs for the three COCs: Aroclor-1248, Aroclor-1254, 
and Aroclor-1260. 

 

c TSCA High Occupancy, no further conditions threshold criterion for total PCBs.  
d Richmond Bay Campus background concentration.   
e Arsenic and lead within the PCB areas, MFA, and Corporation Yard are associated with known cinders areas. 

Arsenic and lead collocated with other COCs will be excavated. Remaining arsenic and lead associated with 
cinders will be managed in place.  

f The toxicity criteria for benzo(a)pyrene was used as a surrogate for BAP (EQ). 
g The toxicity criteria for 2,3,7,8-TCDD was used as a surrogate for Dioxin TEQ.  

h The final RBC shown for lead is based on the OEHHA (2009) commercial California Human Health Screening 
Level of 320 mg/kg. 

i The toxicity criteria for mercuric chloride was used as a surrogate for mercury. 
j Commercial vapor intrusion RBC TCE is a site-specific goal established by DTSC for the Campus Bay site 

(Terraphase 2008, 2012). 

       BAP (EQ) Benzo(a)pyrene equivalent PCB Polychlorinated Biphenyl 
COC Chemicals of concern RES Research, Education, and Support 
EPA Environmental Protection Agency RBC Risk based concentration 
µg/L Microgram per liter TCDD Tetrachlorodibenzo-p-dioxin 
mg/kg Milligrams per kilogram TCE Trichloroethylene 
NA Not applicable TEQ Toxic equivalence quotient 
OEHHA Office of Environmental Health Hazard Assessment TSCA Toxic Substance Control Act 
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The RAW alternatives analysis process evaluated five soil alternatives and four groundwater 
alternatives using three evaluation criteria: effectiveness, implementability, and cost.  These 
three evaluation criteria encompass the nine evaluation criteria considered in feasibility studies 
and remedial action plans. The soil alternatives were evaluated separately for each of the 
geographic areas:  MFA, Corporation Yard, and remainder of the RES Area. Each alternative 
was evaluated individually and then comparatively. 

Alternative 
Number Alternative Description 

S-1 No Action 

S-2 
Excavation to Unrestricted Use and Off-Site Disposal:  Excavate soils with chemical 
concentrations exceeding unrestricted RBCs; make assumptions about volume of soil exceeding 
unrestricted RBCs and volume of soil containing cinders. Off-site disposal at appropriate landfills. 

S-3 

Excavation to Commercial Use, Off-Site Disposal, Land Use Controls (LUC), and 
Implementation of Soil Management Plan (SMP):  Excavate soils with COC concentrations 
exceeding commercial remedial goals. Off-site disposal at appropriate landfills. LUCs consisting of 
deed restrictions prohibiting residential reuse and requiring the implementation of a SMP for future 
soil disturbance. 

S-4 LUCs:  LUCs to consist of deed restrictions prohibiting residential reuse. 

S-5 
Asphalt Cap, LUCs, and SMP (MFA Only):  Install 6-inch asphalt cap over MFA soils where 
mercury exceeds commercial remedial goals; LUCs consisting of deed restrictions prohibiting 
residential reuse and requiring implementation of SMP. 

GW-1 No Action 

GW-2 

Permeable Reactive Barrier (PRB), LUCs, and Monitoring:  Install a PRB downgradient of 
carbon tetrachloride plume (on eastern side of Buildings 280A and 280B) to treat carbon 
tetrachloride plume as it migrates through barrier; LUCs to prohibit use of groundwater; 
monitoring to assess effectiveness of PRB. 

GW-3 
In Situ Bioremediation (ISB), LUCs, and Monitoring:  Develop network of wells to inject 
substrate to enhance biodegradation of carbon tetrachloride. LUCs to prohibit use of groundwater; 
monitoring to assess effectiveness of ISB. 

GW-4 
Monitored Natural Attenuation and LUCs:  Allow natural biological processes to occur and 
monitor attenuation parameters and contaminant reduction over time. LUCs to prohibit use of 
groundwater. 

Alternatives were not evaluated for PCB-impacted soil. PCB-impacted soil with total PCB 
concentrations greater than 1 mg/kg will be excavated and disposed of off-site. Alternatives were 
not evaluated for TCE-impacted groundwater. The remedy for groundwater contaminants 
originating from the former Zeneca Site, including TCE and its breakdown components, is 
subject to the former Zeneca Site Investigation and Remediation Order, and will meet the RAOs 
identified for groundwater. Alternatives were not evaluated for Site-wide groundwater. The Site-
wide groundwater will continue to be monitored under the on-going groundwater monitoring 
program (Tetra Tech 2012) as a part of the proposed remedy. 

Based on the individual and comparative analyses of alternatives for the MFA, Corporation 
Yard, remainder of the RES area, and Carbon Tetrachloride Area, one alternative was 
recommended for each area. The recommended alternatives are summarized below. 
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Soil Remedy  
• Excavation of PCB–impacted soils at the Building 112 and Building 150 Transformer 

Areas and three areas within the Corporation Yard with total PCB concentrations 
exceeding the TSCA high occupancy without further conditions threshold remedial goal 
(1 mg/kg). 

• Excavation of mercury-impacted soil at the MFA with concentrations exceeding the 
commercial worker remedial goal (275 mg/kg). 

• Excavation of BAP(EQ)-impacted soil with concentrations exceeding background 
(0.4 mg/kg) and dioxin-impacted soil with concentrations greater than the commercial 
worker remedial goal (1.64E-05 mg/kg) at the Corporation Yard. 

• Management of cinders encountered during soil excavations. 

• Implementation of site-wide LUCs consisting of deed restrictions identifying the 
future use of the Site as commercial only, and mandating that future site soil 
disturbance or soil movement be conducted under the SMP. 

• Implementation of the SMP which provides a framework for excavation and soil 
management, in conjunction with redevelopment or construction projects for chemicals in 
soil exceeding Category I or II screening level remedial goals within the RES Area. 

Groundwater Remedy 
• Monitoring natural attenuation of groundwater with carbon tetrachloride 

concentrations exceeding the vapor intrusion remedial goal (2.63 micrograms/liter) at 
the western edge of the Coastal Terrace Prairie. 

• Continuing groundwater monitoring at the Former RFS Site. 

• Treatment and monitoring of contaminants in groundwater originating from the former 
Zeneca Site, including TCE and its breakdown components, under the former Zeneca Site 
Investigation and Remediation Order (IS/E-RAO 06/07-005). 

• Implementation of site-wide LUCs consisting of deed restrictions prohibiting 
groundwater extraction for purposes other than groundwater monitoring/treatment or 
construction dewatering. 

A RAW is appropriate when the estimated cost of the removal action is less than $2,000,000. 
The estimated cost of the remedies recommended in this RAW is less than $2,000,000. 

The RAW concludes with a description of the proposed implementation of each component of 
the recommended remedy. 
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1.0  INTRODUCTION AND PURPOSE 

The technical approaches in this Removal Action Workplan (RAW) are based on the proposed 
land use designations in the Draft Long Range Development Plan Environmental Impact Report 
(LRDP EIR) for the Proposed Richmond Bay Campus, which is scheduled for University of 
California (UC) Regent review in 2014. The California Department of Toxic Substances Control 
(DTSC) decision regarding the finalization of the RAW will take place only if the UC Regents 
approve the LRDP EIR following the UC California Environmental Quality Act (CEQA) process. 
Any relevant changes to the LRDP EIR or descriptions of land use designations that arise in 
connection with the UC CEQA process will be incorporated into this document prior to 
finalization, subject to any further public review process which maybe be required by DTSC. 

In order to maintain the document title and site nomenclature from the public draft to final 
versions, this document has been prepared assuming hypothetically that the LRDP EIR has been 
approved and the property has been designated as the Richmond Bay Campus.  

The UC has established a new major research campus on properties it owns in Richmond, 
California, composed of portions of the Former Richmond Field Station (RFS) and the Regatta 
Property located west of the RFS. The Richmond Bay Campus will provide for the development 
of additional facilities for both UC Berkeley and the Ernest Orlando Lawrence Berkeley National 
Laboratory (LBNL) for academic teaching and research focused on energy, environment, and 
health. The Richmond Bay Campus, LRDP identifies the developable portion of the new campus 
as the Research, Education, and Support (RES) Area and the remainder as Natural Open Space 
(NOS) Area. The location of the Richmond Bay Campus and the RES Area and NOS Area land 
uses are shown on Figure 1-1.  

UC Berkeley has been conducting investigation and cleanup actions at the Former RFS under the 
oversight of the California Environmental Protection Agency (Cal/EPA), DTSC, in compliance 
with the Site Investigation and Remediation Order, Docket No. IS/E-RAO 06/07-004 (Order), 
dated September 15, 2006. The DTSC Order provides for the investigation and cleanup of 96 
acres of upland and 13 acres of tidal marsh and transition habitat within the Former RFS Site. 
UC Berkeley has prepared this RAW under Health and Safety Code (HSC) Section 
25356.1(h)(1) and in compliance with the DTSC Order. For the purposes of this RAW, the 
property defined under the DTSC Order is referred to as the “Former RFS Site” or “Site.” The 
Former RFS Site does not encompass the entire RFS; two outboard parcels are not included in 
the DTSC Order. The Regatta Property, which is included in the Richmond Bay Campus, is not 
included in the DTSC Order or this RAW. Figure 1-2 shows the Former RFS Site in relation to 
the Richmond Bay Campus, Regatta Property, and outboard parcels. 

The RAW establishes the final remedy including prescriptive requirements for the RES Area 
soils and groundwater at the portions of Richmond Bay Campus within the Former RFS Site. 
The remainder of the Former RFS Site consisting of the NOS Area is not addressed by this 
RAW. Continued investigation within the NOS Area of the Former RFS Site will occur under the 
DTSC Order. The Former RFS Site including the related RES Area and NOS Area, is shown on 
Figure 1-3.  
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1.1 RAW PROCESS

The RAW process, including the regulatory background and the RAW objectives, is described in
the following sections.

1.1.1 Regulatory Basis for the RAW

In HSC 25323.1, a RAW is defined as “a workplan prepared or approved by DTSC or a
California Regional Water Quality Control Board (RWQCB) which is developed to carry out a
removal action, in an effective manner, that is protective of the public health and safety and the
environment.” A RAW is appropriate when the estimated capital cost of the removal action is
less than $2,000,000 (DTSC 1998, 2009a). If the estimated capital cost of implementing the
chosen action will exceed $2,000,000, a Remedial Action Plan (RAP) should be prepared. The
estimated capital cost of the selected remedies recommended in this RAW is estimated to be less
than $2,000,000.

This RAW also satisfies the evaluation criteria requirements specified in DTSC guidance for the
preparation of a RAP. Adherence to the DTSC RAP guidance affects this document by (1)
including the “No Action” alternative (Section 3.2.1), and (2) evaluating the nine RAP criteria in
addition to three RAW criteria (Section 3.2.5). Adherence to the RAP evaluation criteria does
not affect the recommendations of this RAW.

In response to the DTSC Order, UC Berkeley previously prepared a current conditions report
(CCR) (Tetra Tech 2008). The DTSC Order is presented as Attachment A. The CCR
comprehensively summarized current conditions through 2008 for the Former RFS Site,
including the 96 acres of upland and 13 acres of tidal marsh and transition habitat. The CCR
identified data gaps that warranted additional characterization or evaluation at the Former RFS
Site and a Field Sampling Workplan (FSW) was prepared to address those data gaps.

A Site Characterization Report (SCR) (Tetra Tech 2013) was prepared in support of the RAW.
The SCR addressed data gaps identified in the CCR and summarized the results of investigations
completed under the FSW Phases I, II, and III. Phase I involved a site-wide groundwater
investigation; Phase II involved soil investigations within areas where historical activities may
have adversely impacted soil conditions; and Phase III included additional soil investigations in
areas where historical activities may have adversely impacted soil conditions and additional
groundwater investigation in the vicinity of piezometer CTP. The SCR presented historical
information, investigation details, an updated conceptual site model, and an evaluation of the
nature and extent of contamination. The SCR also incorporated a human health risk assessment
(HHRA) identifying contaminants of concern and risk results for potential future receptors and
exposure pathways based on the most current and most probable future land uses in portions of
the RES Area sufficiently characterized for a HHRA, including the Mercury Fulminate Area
(MFA) and the Corporation Yard. The HHRA also presented site-wide risk-based concentrations
(RBC) used as screening criteria for the Site.

The U.S. Environmental Protection Agency (EPA) “Area of Contamination” policy provides
guidance and conditions under which wastes may be moved within such areas without triggering
solid waste or landfill disposal restrictions criteria (EPA 1996). The Area of Contamination
concept is considered applicable to the management of any soil within the RFS Site boundaries
as defined by the DTSC Order.
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Both the CCR and SCR provide information supporting this RAW and should be referred to for 
historical information about the Former RFS Site. Section 2.0 of this RAW summarizes the 
history and previous investigations, nature and extent of contamination, HHRA, and SCR 
conclusions and recommendations. 

1.1.2  Objectives of the RAW 

The objectives of this RAW are to: 

• Present existing conditions; 

• Establish appropriate removal action objectives (RAO) for protection of human 
health and the environment; and 

• Evaluate alternatives and identify a remedy that is protective of human health and 
the environment. 

1.1.3  Elements of the RAW 

To accomplish the RAW objectives and satisfy regulatory requirements, this RAW includes the 
following elements: 

• A description of the nature and extent of the chemicals of concern (COC); 

• The goals to be achieved by the remedy; 

• An analysis of the alternatives considered and rejected, and the basis for the 
rejection, including a discussion of effectiveness, implementability, and cost of 
each alternative; 

• A description of the recommended alternative and an implementation plan;  

• A description of the public participation process; and 

• Attachments, including: 

o Attachment A:  DTSC Order 
o Attachment B:  Administrative Record List 
o Attachment C:  Soil Management Plan (SMP) 
o Attachment D:  Air Monitoring Plan 

1.2  PURPOSE 

Based on the information developed during the site characterization activities, UC Berkeley 
determined that further action is required for soils within the RES Area due to elevated 
concentrations of mercury, pyrite cinders-related metals (arsenic and lead), polychlorinated 
biphenyls (PCB), polycyclic aromatic hydrocarbons (PAH), and dioxins, as well as carbon 
tetrachloride and trichloroethylene (TCE) in groundwater. To address these COCs, this RAW 
was prepared to establish RAOs that are protective of human health, present screening of soil and 
groundwater cleanup technologies, and develop and evaluate soil and groundwater alternatives 
for the MFA, the Corporation Yard, the remainder of the RES Area, and Site-wide groundwater. 
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This RAW analyzes the remedial alternatives and presents a recommended alternative and 
implementation plan. Following completion of the public comment period, the public draft RAW 
will be revised, as necessary, in response to the comments received. If significant changes are not 
required, DTSC will approve the RAW for implementation. When the remedy has been 
implemented, a removal action completion report will be submitted to DTSC for review and 
certification of completion. All remaining activities in the RES Area will be conducted pursuant 
to the land use controls (LUC) identified in this RAW. Addition information regarding approval 
of the RAW and associated LRDP EIR process is presented in Section 6.0. 
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2.0  SITE CHARACTERIZATION 

Characterization activities have been conducted beginning in 1981 through 2012. A summary of 
the activities and results are discussed in the sections below. 

2.1  SITE OWNER  

The Richmond Bay Campus is owned by the UC Regents. In October 1950, the UC Regents 
purchased the eastern portion of the property from the California Cap Company (CCC). From 
1950 through 1963, UC acquired the adjacent undeveloped property between Avocet Way and 
Regatta Boulevard in the western portion of the property.  

2.2  SITE DESCRIPTION  

The Site is located at 1301 South 46th Street in Richmond, California, along the eastern 
shoreline of the Richmond Inner Harbor of the San Francisco Bay and northwest of Point Isabel 
(see Figure 1-1). The Site is bounded to the north by Meade Street and Hoffman Boulevard, east 
by South 46th Street, south by the East Bay Regional Park District Bay Trail (Bay Trail) and the 
San Francisco Bay, and west by Meeker Slough and Regatta Boulevard.  

The Site consists of: Upland Areas developed for academic teaching and research activities, 
upland remnant coastal terrace prairie, a tidal salt marsh (Western Stege Marsh), and a transition 
zone between the academic teaching and research activity areas and the marsh (Figure 2-1). The 
5.5-acre Transition Area consists entirely of artificial fill placed on historical mudflats. The 
7.5-acre Western Stege Marsh includes a small isolated area of artificial fill, known as the 
“Island,” that occupies 0.425 acre and is surrounded by tidal marsh (see Figure 2-2).  

The Site property has been subject to numerous land alterations through its history of 
development, including ditching and culverting to channel storm drainage; placement of fill onto 
tidal mudflats, and to a lesser degree in the uplands; construction of buildings and utilities; and 
placement on tidal mudflats of structures such as a pier, breakwaters, and a railroad 
embankment. 

This RAW focuses on the portions of the Site which the Richmond Bay Campus LRDP 
designates as developable in the RES Area. The RES Area consists of 82.5 acres within the Site 
(Figure 1-3), including portions of the Upland Area and Transition Area. The LRDP also 
designates portions of the Upland Area to be preserved as natural open space (26.2 acres). The 
NOS Area includes the upland remnant coastal terrace prairie, portions of the Transition Area, 
and the Western Stege Marsh, and is not addressed as part of this RAW. The RAW also 
addresses groundwater at the Site.  

2.2.1  Site Land Use (1950 to 2013) 

The Site is an academic teaching and research facility for UC Berkeley, which has been used 
primarily for large-scale engineering research since 1950. Teaching facilities were available for 
bioengineering, civil engineering, mechanical engineering, transportation, fine arts, ergonomics, 
and occupational and environmental health. With over 500,000 assignable square feet of research 
space, the Site accommodated a range of space-intensive activities—including the UC Office of 
the President, Northern Regional Library Facility, the Asbestos Information Center, some of the 
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world’s largest earthquake shaking tables, the Geosciences Well Field, sophisticated test 
facilities for advanced transportation research, bioengineering tissue projects, and a robotics 
laboratory. The Site also provided a location for a variety of smaller-scale engineering research 
projects not conducted on the central UC Berkeley campus. The CCR (Tetra Tech 2008) provides 
greater detail about research performed at the Site and summarizes the Site utilities and facilities 
maintenance operations. 

The UC Regents have also leased space to non-UC Berkeley tenants. Tenants include the EPA 
Region 9 Laboratory; Schlumberger, Inc.; The Watershed Project; Marine Advanced Research; 
and Stratacor, Inc.  

In 1989, UC management estimated that 250 to 300 people worked at the Site (Ensco 
Environmental Services, Inc. 1989). In 2012, staffing estimates remained at approximately 300 
people. 

2.2.2  Future Site Uses 

The UC has established a new major research campus on properties it owns in Richmond, 
California, composed of portions of the Former RFS Site and the Regatta Property located west 
of the Site. The Richmond Bay Campus will provide for the development of additional facilities 
for both LBNL and UC Berkeley for academic teaching and research focused on energy, 
environment, and health. The Richmond Bay Campus, LRDP identifies the developable portion 
of the new campus as the RES Area and the remainder as NOS Area. An LRDP is defined by 
statute (Public Resources Code 21080.09) as a “physical development and land use plan to 
meet the academic and institutional objectives for a particular campus or medical center of 
public higher education.” The Richmond Bay Campus LRDP will guide growth and 
development of the campus through year 2050.  

The types of facilities and activities that will potentially take place within the RES Area include:  

• Laboratory, classroom, office, and administration buildings for researchers, faculty, 
postdocs, students, and non-University public and private entities. Classrooms would be 
for college-aged students or older, including undergraduate and graduate student research 
use and the possibility of job training classrooms for adults. Each student would be in a 
classroom space not more than 12 hours per week. Educational activities may also 
include programs that allow elementary and high school students to periodically visit the 
Site where they would be in classrooms or visiting laboratories. 

• Product and process development space for private sector startups, small businesses, and 
industry counterparts that are synergistic with UC Berkeley and LBNL research areas. 

• Support infrastructure and facilities for operations, transportation, utilities, renewable 
power generation, firefighting, security, safety, hazardous materials management, and 
corporation yard uses including vehicle and materials shops and storage. There is no 
current plan for constructing a fire station within the Former RFS Site portion of the 
Richmond Bay Campus. Community outreach and education resources including exhibit, 
lecture and event spaces as well as conference facilities and meeting rooms focused on 
public education. 
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• Amenities such as dining, short-term accommodation facilities, retail, and recreation 
facilities. Short-term accommodation facilities would be being similar to the UC 
Berkeley Faculty Club or the Berkeley Lab Guest House. Individuals affiliated with the 
campus or laboratory can stay in these accommodations an average of 2 nights each and 
up to a maximum of 2 weeks while doing research or visiting the campus in some 
capacity. 

• Transportation-related facilities including parking lots and structures, bus and shuttle 
stops, and roadways/circulation pathways. Developed open spaces that are usable by the 
campus population and visitors, ranging from courtyards, terraces, and quad-like spaces, 
to walkways, tree groves, and recreational fields. 

• Transition zones to buffer development from the NOS Areas, allowing for maintenance 
access and minimizing the transference of non-native species or noise or light intrusions. 

The NOS Area would include natural areas such as the Western Stege Marsh and coastal 
grasslands. Human engagement and disruption to these spaces would be limited, with the intent 
to protect, restore, and maintain these resources in their natural condition. 

2.2.3  Historic Uses 

Prior to settlement of the East Bay plain by the Spanish beginning in the 1772, Native Americans 
used the area for fishing and harvesting shellfish. In the late 1800s, portions of the property were 
sold, and chemical and explosives industries moved into the area. Between the 1880’s and 1948, 
several companies, including CCC, manufactured explosives at the Site (see Figure 2-3). The 
CCC plant hosted several operations, including manufacturing explosives (primarily mercury 
fulminate), shells, and blasting caps; testing explosives; and storing explosives (URS 
Corporation [URS] 1999).  

Two small companies, the U.S. Briquette Company and the Pacific Cartridge Company, are 
presumed to have operated on a portion of the Site. Both companies are shown on the 1912 and 
1916 Sanborn maps, although the U.S. Briquette Company was noted as “not in operation” as of 
January 1912. Neither company is listed on the 1930 Sanborn map. By 1920, the CCC was the 
only remaining explosives manufacturer in the RES Area.  

The chief constituent of the explosive manufactured by the CCC was a nitrocellulose (guncotton) 
base called “tonite.” Manufacture of the explosive included production of mercury fulminate, a 
whitish-gray solid with the chemical formula Hg(ONC)2, a key ingredient in blasting caps. The 
former mercury fulminate facility was in the southeastern portion of the Site (see Figure 2-4). 
Other former facilities associated with the CCC included the shell manufacturing areas in the 
southern portion of the Site; the blasting cap manufacturing area in the central portion of the Site; 
an explosives test pit area in the northeast portion of the Site; and two explosive storage areas, 
both southwest of the former explosives test pit area (URS 1999).  

According to an article published in the July 1922 edition of the CCC newspaper, The Detonator, 
the manufacturing plant consisted of approximately 150 buildings, including administration 
buildings, a shell and metal drawing unit, a wire drawing unit, the blasting cap line unit, an 
electric blasting cap unit, and fulminate nitrating and recovery units. A tram line, evident on 
Sanborn maps and historical photographs, was present between these buildings (see Figure 2-5). 
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It appears from the photographs that the tram line was a rail system with a horse-drawn cart that 
moved supplies and other goods around the property. The entire CCC facility covered 
approximately 30 acres, with an additional 30 acres of trees surrounding the facility. 

In October 1950, the CCC property was purchased by UC. Historical academic research and 
teaching at the Site has occurred in indoor and outdoor laboratories, varying from small bench-
top operations to large sewage treatment ponds. In addition, the Site has been the location of 
ecological research on salt marsh and upland wildlife, as well as research on contamination of 
the Stege Marsh.  

2.2.4  Adjacent Properties 

Richmond Inner Harbor, Stege Marsh, and the central San Francisco Bay border the Site to the 
south. The Bay Trail on the former Southern Pacific Railroad right-of-way is near the property to 
the south. Tidal mudflats fronting the Richmond Inner Harbor are farther south of the Site. 

Several large former and existing chemical and industrial sites border the Site property to the 
north, east, and west (Figure 2-3). A former Pacific Gas and Electric Company facility was north 
of the Site. The former Kaiser Shipyard and the Butler Steel Products facilities were southwest of 
the Site in the current location of the Marina Bay mixed-use residential and commercial 
development. Bio-Rad Laboratories (Bio-Rad) is presently west of the Site. The adjacent 
property east of the Site (now known as Campus Bay) is the location of former chemical 
production operations previously owned by several entities, including Stauffer and Zeneca. This 
report refers to this adjacent site, formerly owned by Stauffer, Zeneca, and others (and currently 
owned by Cherokee Simeon Venture I, LLC [CSV]), as the former Zeneca site. The former 
Liquid Gold Corporation site is east of the former Zeneca site. Hoffman Marsh and Point Isabel 
are also slightly farther to the east, approximately 1.5 miles from the Site.  

Marina Bay Site 

The Marina Bay housing development borders Western Stege Marsh to the west (see Figure 2-3) 
and was the location of the former Kaiser Shipyard No. 2 for construction of ships in the early 
1940s during World War II (DTSC 2007a). During shipbuilding activities, the area was used for 
storage of shipyard supplies and disposal of debris (URS 2000). Between 1941 and 1943, this 
area was filled with dredge spoils and off-site fills. Additional fill was imported in the late 1970s. 
Prior to this time, the eastern part of this area along Meeker Slough consisted of mudflats and 
marsh. 

After the war, the Marina Bay site was used by several industrial firms (DTSC 2007a). From the 
1940s to 1971, Butler Steel Products used the eastern portion of the Marina Bay site. In 1982, 
during excavations to form a lagoon at the southeastern corner, a large amount of solidified paint 
material was discovered, prompting site remediation activities from 1982 to the early 1990s. 
Since then, the Marina Bay site has been developed into a residential area, including parks and a 
marina for the City of Richmond (URS 2000). 

BioRad Site 

The 5-acre Bio-Rad site, at 3110 Regatta Boulevard, is immediately west of the Site and north of 
the Marina Bay housing development (Figure 2-3). Bio-Rad’s Richmond manufacturing facility 
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has been operating since 1957. Bio-Rad manufactures products for the life sciences and medical 
diagnostic testing markets. Chemicals associated with manufacture of these products have been 
detected in soil and groundwater at the Bio-Rad site (DTSC 2006). 

Former Zeneca Site 

The former Zeneca site, an 86-acre property, is located at 1415 South 47th Street (see 
Figure 2-6). From approximately 1897 through 1997, the former Zeneca site was used for 
manufacture of sulfuric acid and other chemicals by various entities, including Stauffer. The last 
production line was closed in 1997.  

Stauffer generated pyrite cinders as a byproduct of its sulfuric acid manufacturing operations 
from approximately 1919 through approximately 1970. The pyrite cinders, which contain metals, 
were placed in an area at the southwestern corner of the former Zeneca site, and in the eastern 
portion of the Transition Area and Western Stege Marsh on the Site. The former cinder area at 
the former Zeneca site was remediated by Zeneca and CSV’s remediation contractor in 2002 and 
2003. The cinders in the eastern portions of the Transition Area and Western Stege Marsh on the 
Site were removed by UC Berkeley’s remediation contractors in 2002 and 2003. In addition, 
certain surface spills originating from the former Stauffer operations reportedly migrated onto 
the Site, as discussed in the SCR (Tetra Tech 2013). 

Liquid Gold Site 

The 17-acre Liquid Gold property is located southeast of Bayview Avenue in Richmond, 
California, approximately 0.5 mile east of the Site and adjacent to the former Zeneca site 
(Figure 2-3). The property was leased from 1947 to 1974 to San Pablo Oil for an asphalt 
manufacturing plant. The property was later leased to Liquid Gold, which used the property as an 
oil storage and transfer facility until 1982 (URS 2000). Oils, solvents, and tank bottoms were 
stored on site (URS 2000).  

Previous activities at the Liquid Gold property are a possible source of contaminants in Western 
Stege Marsh through discharges to Baxter Creek, which was hydrologically connected to 
Western Stege Marsh until sometime in the 1960s when Stauffer constructed a landfill that 
hydrologically separated Eastern and Western Stege marshes (based on aerial photographs). 

2.3  PREVIOUS INVESTIGATIONS 

This section summarizes previous investigations and remediation activities within the RES Area 
and groundwater at the Site. Section 2.3.1 summarizes investigations prior to the FSW through 
2008 in the Upland Area and Transition Area. Investigations conducted in the Western Stege 
Marsh are not discussed in this RAW, as they are not part of the RES Area. Section 2.3.2 
summarizes FSW Phases I, II, and III investigation activities and sampling results from 2010 
through 2012. Section 2.3.3 summarizes previous cleanup actions Phases 1 through 3 as well as 
two Time-Critical Removal Actions (TCRA). 

2.3.1  Pre-FSW Investigations 

Investigations at the Site between 1981 and 2008 involved collection of soil, sediment, 
groundwater, and ecological samples in the Upland Area and Transition Area. Table 2-1 
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summarizes the investigation, reports and conclusions or recommendations from 1981 to 2008 at 
the Site prior to the FSW investigations that began in 2010. The investigations prior to 2010 
focused on potential source areas (see Figure 2-3), and identified areas requiring further 
investigation.  

2.3.2  FSW Investigations 

UC Berkeley completed FSW Phases I, II, and III data gap investigations between 2010 and 
2012. The FSW addresses data gaps identified in the CCR that warranted additional 
characterization or evaluation at the Site. The majority of the FSW soil investigations occurred 
within the RES Area. Soil investigations conducted to date outside of the RES Area are 
mentioned in this document, but not described in detail and will be documented in future reports 
for the NOS Area. The scope of the FSW groundwater investigation was the entire Site, 
excluding groundwater beneath Western Stege Marsh. 

The purpose of the FSW investigation was to close previously-identified data gaps, and to 
identify any immediate or potential risks to public health and the environment. Sampling results 
addressed data gaps identified in the CCR and contributed to the SCR. The SCR serves as the 
necessary investigation and risk assessment document to support a remedial or removal action 
decision regarding the RES Area and groundwater.  

Given the broad scope of activities necessary to address the data gaps identified in the CCR, the 
planned field investigations were divided into manageable-sized study areas and addressed in a 
phased approach. Any new issues discovered during the investigations were added to the list of 
data gaps, and would be addressed during a following phase of investigation. The phases are 
described further in Table 2-2. 

2.3.3  Previous Cleanup Actions 

Remediation activities at the Site occurred in three phases beginning in 2002. Remediation Phases 
1 through 3 were completed in 2002, 2003, and 2004, respectively, under oversight of the 
RWQCB. A TCRA occurred near the Former Forest Product Laboratory Wood Treatment 
Laboratory in fall 2007. A second TCRA was conducted at two subareas in the Western Transition 
Area in fall 2008. The TCRAs were completed under DTSC oversight. Figure 2-7 shows locations 
of the previously remediated areas. Table 2-3 briefly summarizes these remediation activities.  

2.4  NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of contamination evaluation focuses on the areas investigated in the FSW 
investigations in the RES Area (FSW Phase I through III investigations) as well as a discussion 
of fate and transport of detected chemicals of potential concern (COPC) known to occur in the 
primary source areas at the Site. This section of the RAW summarizes detailed information 
provided in Sections 6.0 and 7.0 of the SCR (Tetra Tech 2013). 

Analytical results for the FSW were evaluated using human health screening criteria developed 
in the SCR (see SCR Tables 6-1 and 6-2) based on the assessment of existing and future uses 
identified in the LRDP and potential beneficial uses of groundwater (Tetra Tech 2013). The Site 
is within the East Bay Plain Subbasin, which is identified as having the potential beneficial uses 
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of municipal and domestic supply, agricultural supply, industrial service supply, and industrial 
process supply (RWQCB 2007).  

Drinking water is currently provided by East Bay Municipal Utility District, whose principal 
water source is the Mokelumne River Basin in the Sierra Nevada range. Future use of 
groundwater at the Site as a drinking water source is not anticipated for two primary reasons:  the 
potential for salt water intrusion and elevated total dissolved solids (TDS) values in various areas 
of the Site. Because of the adjacency to the San Francisco Bay, there is high potential for salt 
water intrusion in the event of groundwater extraction, making it unsuitable for many beneficial 
uses (Department of Water Resources 2004). Analytical results for TDS from the Phase I FSW 
investigation (Tetra Tech 2012) indicate that levels in groundwater in the northeast of the Site 
(piezometer EERC), the southern central portion of the Site (piezometer DH), and the far 
southern area near the marsh (piezometer Bulb1) exceed the State Water Board Resolutions No. 
88-63 and No. 89-39 criterion of 3,000 milligrams per liter (mg/L) TDS. Although TDS 
concentrations from other areas of the site do not exceed the 3,000 mg/L criterion, the areas with 
high TDS concentrations are distributed across the Site, and are not confined to one geographic 
portion of the Site. Based on the potential for salt water intrusion and the high TDS levels in 
various areas of the Site, groundwater is not expected to be appropriate for beneficial uses 
identified in the 2007 Basin Plan. 

Additionally, Resolution No. 88-63 identifies aquifers that do not provide sufficient water to 
supply a single well capable of producing an average, sustained yield of 200 gallons per day as 
not to be considered suitable or potentially suitable for municipal or domestic water supply. 
While site-specific pump tests have not been conducted, groundwater recharge rates observed 
during well development and sampling activities do not support that a well would produce at 
least 200 gallons per day.  

2.4.1  Soil Sample Results 

Soil sample results are presented by location. Only locations with COPC concentrations 
exceeding the human health screening criteria are discussed in the following sections. Human 
health screening criteria are based on calculated commercial RBCs, TSCA criterion for PCBs, 
and background values for arsenic and benzo(a)pyrene equivalent (BAP [EQ]). Sections 6.2 and 
6.3 of the SCR (Tetra Tech 2013) have a complete discussion of human health screening criteria 
and FSW results. 

Mercury Fulminate Area 

Investigation in the MFA occurred to further delineate vertical and lateral extents of mercury 
present in soil at the vicinity of the former CCC’s mercury fulminate production area. Samples 
collected in the MFA were analyzed for mercury only as total mercury, and a subset of samples 
was analyzed for methylmercury and elemental mercury.  

Generally, the concentrations are widely variable at short distances both vertically and laterally 
within the area of higher concentrations (source area) of the MFA, but are relatively 
homogeneous outside of this area. In most areas of the MFA, the deepest sample exceeding the 
human health commercial worker RBC of 275 milligrams per kilogram (mg/kg) is 4 to 4.5 feet 
below original ground surface, and the highest concentrations are bounded by deeper samples 
with concentrations less than the commercial worker RBC. Within the immediate area of the 
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former mercury fulminate production area concentrations of mercury exceeding the commercial 
worker RBC extend to at least 8.5 feet below native ground surface (up to 11.3 to 11.8 feet 
below current ground surface which includes the elevated asphalt pad), with concentrations 
ranging from 550 to 1,200 mg/kg. Concentrations less than the commercial worker RBC bound 
the elevated concentrations at 10 to 10.5 feet below original ground surface (13.3 to 13.8 feet 
below current ground surface).  

The maximum concentration of mercury (8,800 mg/kg) was reported in the sample collected 
from 2 to 2.5 feet below ground surface (bgs) at location MFA12. This value is 32 times the 
commercial worker RBC and is approximately eight times higher than the next highest 
concentration (1,200 mg/kg at MFA 24, 6 to 6.5 feet bgs) found in MFA soils. Elemental 
mercury, in the form of shiny flecks that formed into a small silver ball at the bottom of the 
stainless steel bowl used to contain the soil sample, was identified in the sample with the 
maximum mercury concentration. The anomalously high mercury result associated with the free-
phase mercury observation indicates that the soil sample likely represents a localized spill of the 
mercury source used in manufacturing. 

Selected samples were also analyzed for methylmercury. Methylmercury concentrations in the 
MFA are approximately between three to five orders of magnitude less than the commercial 
RBC of 47.8 mg/kg. Analysis of the results of the methylmercury speciation indicate that only a 
small fraction of the mercury detected in soil is present as methylmercury and at levels 
significantly less than the commercial RBC. 

A mercury speciation study was conducted to determine whether mercury was present in the 
MFA as elemental mercury and is summarized in Section 6.3.1.7 of the SCR (Tetra Tech 2013). 
A five-step selective sequential extraction (SSE) was used to assess mercury fractionation and 
mobility in seven soil samples collected from four locations in the MFA. The SSE procedure 
demonstrates mobility of the mercury in each sample. The primary mercury species found in four 
of the seven samples is mineral-bound mercury, one of the most biounavailable and immobile 
species. In two samples, the SSE recovered mercury was primarily associated with the organo-
complexed forms of mercury. In sample MFA12 (2 to 2.5 feet bgs) in which free-phase mercury 
was visually observed, the SSE recovered mercury primarily associated with strong complexed 
forms of mercury (elemental mercury or mercuric ion complexes). This soil sample was the only 
sample collected in the FSW investigation in which free-phase mercury was visually observed, 
and thus the result likely indicates that elemental mercury is present in this sample. For the other 
samples analyzed, mercury may be elemental mercury or mercuric ion complexes or both.  

Corporation Yard 

Soil samples collected in the Corporation Yard during the FSW Phase II investigation were 
analyzed for metals, volatile organic compounds (VOC), semivolatile organic compounds 
(SVOC), PCBs, pesticides, and total petroleum hydrocarbons (TPH). Selected step-out samples 
were collected during the FSW Phase III investigation from locations where the Phase II results 
exceeded human health screening criteria; these samples were analyzed for arsenic, lead, PAHs, 
or PCBs, depending on which chemical results exceeded criteria during the Phase II 
investigation. Additionally, 10 samples collected from 0 to 0.5 and 2 to 2.5 feet bgs at the center 
of the Corporation Yard during the FSW Phase III investigation were analyzed for dioxins. 
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Arsenic and lead, likely associated with observed cinders, were the only metals detected at 
concentrations exceeding commercial worker RBCs. Arsenic was reported at concentrations 
greater than the commercial worker RBCs in all samples analyzed for metals, and exceeded the 
background level of 16 mg/kg in five of the 49 samples. Lead exceeded the commercial worker 
RBC in two of the 71 samples. 

VOCs were detected infrequently in the Corporation Yard soil samples. None of the VOCs was 
detected at concentrations exceeding commercial worker RBCs. 

Except for 4-methylphenol and carbazole, PAHs were the only SVOCs detected in soil samples 
collected in the Corporation Yard. A BAP (EQ) value was calculated for the 40 samples with 
detections of carcinogenic PAHs. All individual carcinogenic PAHs included in the calculation 
of the BAP (EQ) were detected at concentrations exceeding their respective commercial RBCs. 
BAP (EQ) is widespread at relatively low concentrations around the Corporation Yard, 
indicating that BAP (EQ) levels can be attributed to anthropogenic sources including vehicle 
emissions, refineries, or other off-site sources. The elevated concentrations of BAP (EQ) in this 
area may be attributable to the incinerator formerly present in Building 120, incinerator ash 
disposal in the vicinity, or other nearby or adjacent industrial activities.  

Total PCB concentrations exceeding the TSCA high occupancy without further conditions 
threshold criterion of 1 mg/kg (40 Code of Federal Regulations [CFR] 761.61(a)(4)(i)(A)) in the 
Corporation Yard are delineated vertically, except in the area around CY26, but are not 
delineated laterally at multiple locations. Soil samples with detected concentrations of PCBs 
contained either Aroclor-1254 or Aroclor-1260, but not both.  

Of the 12 pesticides detected in the Corporation Yard, no pesticide soil concentrations 
exceeded commercial RBCs. 

Three TPH compounds, diesel-, gasoline-, and motor oil-range, were detected in samples 
collected in the Corporation Yard. Two results for diesel range organics exceeded the RWQCB 
environmental screening level (ESL) of 500 mg/kg (RWQCB 2013). Samples exceeding the ESL 
were collected from the 0 to 0.5 feet bgs interval and are bound vertically by samples with 
concentrations less than the ESL collected at 2 to 2.5 feet bgs; however, none of the samples are 
bound laterally by samples with TPH concentrations less than the ESL. None of the results for 
gasoline range organics or motor oil range organics exceed the ESL. 

Dioxin toxic equivalence quotient (TEQ) concentrations in the Corporation Yard exceed the 
commercial worker RBC of 1.64E-05 mg/kg in two soil samples collected at two adjacent 
shallow sample locations. All sample concentrations exceeding the commercial worker RBC are 
bounded vertically by samples collected at 2 to 2.5 feet bgs, and the elevated concentrations at 
CY06 are bounded laterally to the north, west, and east by samples that do not exceed the 
commercial worker RBC. The highest dioxin concentration was reported at location CY26 at 
11.4 feet bgs. This exceedance is bounded laterally only to the north. Soil concentrations 
exceeding the commercial worker RBC for dioxin TEQ in the Corporation Yard are likely 
localized within an area of contamination limited to surface soil; however, the dioxin TEQ is not 
bounded laterally to the south in soil. 
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PCB Areas 

PCBs were detected at concentrations exceeding the commercial worker RBC (0.528 mg/kg) at 
Building 112, Building 150, and Building 474 transformer areas. Concentrations of total PCBs 
exceed the TSCA criterion of 1 mg/kg for high occupancy areas with no further conditions at 
both the Building 112 and 150 transformer areas, but not at the Building 474 transformer area.  

Remainder of RES Area 

Sampling density in the remainder of the RES Area is limited and a comprehensive evaluation of 
the nature and extent of possible contaminants has not been completed. Based on existing sample 
data and knowledge of historical operations, contaminants may be encountered at concentrations 
greater than background levels and commercial worker RBCs in the remainder of the RES Area. 
The list of contaminants likely to be encountered is anticipated to be consistent with those 
contaminants found in the MFA, Corporation Yard, and PCB areas, including mercury; cinders-
related metals (arsenic and lead); PAHs, specifically carcinogenic PAHs; PCBs; dioxins; and 
TPH. Elevated levels of lead in soil may also be encountered due to the potential historical use of 
lead-based paint. No other contaminants than those already identified are anticipated to be found 
at the remainder of the RES Area. 

2.4.2  Groundwater Results 

This section discusses detections of inorganic and organic compounds in groundwater samples 
collected from piezometers during the four rounds of FSW Phase I groundwater monitoring and 
from Phase III groundwater grab samples. 

The initial round of samples (November 2010) were analyzed for metals, VOCs, SVOCs, TPH, 
PCBs, pesticides, perchlorates, and TDS. Because PCBs and perchlorates were detected at a very 
low frequency (in 1 of 49 and 3 of 52 samples, respectively) and at low concentrations, and 
pesticides were not detected in the initial round of sampling, these analytes were not included in 
the next three rounds of sampling. The subsequent three rounds of samples collected in April 
2011, October 2011, and April 2012 were analyzed for metals, VOCs, SVOCs, TPH, and TDS. 
Results were compared to California Maximum Contaminant Levels (MCL) and federal MCLs; 
VOC results were compared to human health commercial vapor intrusion RBCs. 

Of the 24 metals sampled, seven were detected at concentrations exceeding their respective 
MCLs, including: aluminum (California MCL only), arsenic, cadmium, chromium (unfiltered 
only), copper (unfiltered only), lead (unfiltered only), mercury, nickel, and selenium (filtered 
only). Metals are naturally occurring in groundwater, and the concentrations detected do not 
indicate a contaminant release or plumes at the Site (Tetra Tech 2012).  

VOCs were detected at many sampling locations. Seven compounds exceeded their respective 
California MCLs or federal MCLs, including benzene (California MCL only), carbon 
tetrachloride, and TCE and other chlorinated solvents (1,2-dichloroethane, cis-1,2-dichloroethene 
(DCE), tetrachloroethylene (PCE), and vinyl chloride [California MCL only]). Only carbon 
tetrachloride and TCE exceeded their commercial RBCs for vapor intrusion.  

Carbon tetrachloride was detected at piezometer CTP at concentrations exceeding the California 
MCL of 0.5 micrograms per liter (µg/L), the federal MCL of 5 µg/L, and the commercial RBC 
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for vapor intrusion of 2.63 µg/L during all four rounds of sampling. Carbon tetrachloride was 
also present at concentrations exceeding the California MCL in downgradient piezometers. As 
part of Phase III sampling activities, grab groundwater samples were collected from 20 borings 
advanced to depths of 17 or 20 feet bgs (depending on the location), and from piezometer CTP in 
the area near Building 280B. Because grab groundwater sampling results are not considered 
high-quality data, the concentrations detected were not compared to human health screening 
criteria. The objective of the investigation was to confirm or refute the presence of an upgradient 
source of carbon tetrachloride. The investigation results do not indicate the presence of an 
upgradient off-site source of contamination, and the source may be from historical activities near 
Building 280B. The presence of carbon tetrachloride in the vicinity of piezometer CTP appears 
to represent a release and will be addressed further in this RAW.  

TCE also exceeded its commercial vapor intrusion RBC of 270 µg/L. The majority of elevated 
concentrations of TCE was detected near the eastern property boundary, with the highest 
concentrations near the Corporation Yard, although TCE was detected across much of the Site at 
low levels. UC Berkeley concludes that TCE in groundwater originated from legacy industrial 
activities at the former Zeneca site, based on (1) the measured groundwater gradient from the 
former Zeneca site to the Site, (2) known historical TCE sources and groundwater contamination 
at the upgradient former Zeneca site, and (3) lack of measured or identified TCE sources within 
the Site.  

SVOCs were detected infrequently and sporadically in groundwater across the Site, and will 
continue to be sampled during the continued groundwater monitoring program. 

2.4.3  Fate and Transport 

This subsection describes possible fate and transport mechanisms for detected COPCs, including 
descriptions of the persistence and mobility of specific contaminants known to occur in the 
primary source areas (for example, pyrite cinders fill areas, the former MFA, and PCB areas). 
Behaviors of key contaminants in the environment provide a basis for understanding the 
transport pathways from the former source areas and potential for migration from the locations 
where contaminants have been detected.  

The primary contaminants present in RES Area soils are PCBs and metals, specifically mercury. 
PCBs have relatively low mobility because of their high adsorption to soil particles. PCBs have 
been detected in soils across the Site, but were only detected at concentrations exceeding 
commercial worker RBCs (0.53 mg/kg) in a few discrete locations where transformers were 
either located or stored in the past. PCBs typically have a slow rate of adsorption and desorption 
between sedimentary particles and surrounding water. They tend to migrate very little from their 
initial release point and are not likely to leach from surface soils to subsurface soils and 
groundwater (Agency of Toxic Substances and Disease Registry [ATSDR] 2000).  

Behaviors of metals in soils are influenced by the geochemical environment. In addition, 
physical processes, such as the amount of precipitation infiltration (leaching), can also influence 
the fate of metals. The geochemical environment in RES Area soils is conducive to sorption of 
metals (Tetra Tech 2013).  

Mercury is an especially complex metal because it has elemental and inorganic forms, in 
addition to the organic species methylmercury and di methylmercury. The primary route of 
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exposure to mercury for humans and wildlife is consumption of fish and aquatic biota. During 
the FSW Phase III investigation, 14 samples were collected for methylmercury analysis, and all 
results were below 0.01 mg/kg or non-detect, indicating that methylmercury is not a concern at 
the MFA.  

The former CCC historically used elemental or liquid mercury in the MFA. This form of 
mercury can volatilize into the atmosphere from soil, sediment, or water (ATSDR 1999). 
Elemental mercury was observed in only one sample and is thought to represent an isolated spill 
(Tetra Tech 2013).  

Mercury fulminate is a compound produced by dissolving mercury in nitric acid and then adding 
a solution of 95 percent ethanol (Jonas & Associates, Inc. 1990). The reaction results in 
formation of small brown to gray pyramid-shaped crystals (Hg[ONC]2) that contain colloidal 
mercury. The crystals are relatively insoluble in water. However, when dry, they are easily 
detonated by shock, impact, friction, sparks, or flame. Elevated concentrations of mercury have 
been found in soils in the former CCC MFA; however no crystals have been encountered (Tetra 
Tech 2013).  

Groundwater samples collected across the Site as part of the FSW Phase I investigation were 
analyzed for filtered and unfiltered metals concentrations. A review of the groundwater sampling 
results during the four rounds of quarterly monitoring showed infrequent exceedances of MCLs, 
indicating that metals concentrations detected in soil are not leaching to groundwater.  

The primary contaminants present in Site groundwater are TCE and carbon tetrachloride. The 
following solvents have been identified in the shallow groundwater near the Site and former 
Zeneca site property line:  PCE, TCE, and cis-1,2-DCE. Carbon tetrachloride has been identified 
in the shallow groundwater near Building 280B. Because these solvents are soluble in 
groundwater, they are more mobile than metals and can volatilize and be degraded by soil 
microorganisms under natural or enhanced biodegradation conditions. 

2.5  HUMAN HEALTH RISK ASSESSMENT 

The purpose of the HHRA is to conservatively estimate potential risks to human receptors from 
exposure to specific chemicals present in RES Area soil and in groundwater at the Site. A 
two-step HHRA was conducted for the Site, identifying site contaminants, exposure pathways 
based on most probable future land uses, and risks posed to potential receptors.  

Because not all portions of the RES Area have been investigated to the same level of sampling, 
the HHRA was conducted in two steps:  (1) Step 1 of the HHRA evaluated chemical 
concentrations in RES Area soil and site-wide groundwater against human health screening 
criteria, and (2) Step 2 of the HHRA was a quantitative, focused HHRA of only those areas in 
the RES Area for which available soil data are sufficient to conduct a risk assessment.  

2.5.1  Identification of Chemicals of Potential Concern 

The process of identifying COPCs for Steps 1 and 2 of the HHRA included determinations of: 
(1) occurrence and distribution of chemicals in the environmental media, and (2) chemical 
toxicities. 
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Step 1 of the HHRA evaluated concentrations of chemicals (obtained via sampling) from the 
entire Site dataset within the RES Area. All chemicals detected in soil and groundwater were 
considered as COPCs in Step 1 of the HHRA.  

All soil data evaluated under Step 1 were considered for inclusion in Step 2 of the HHRA. 
Groundwater data were not evaluated in Step 2 of the HHRA because it was addressed in a 
piezometer-by-piezometer evaluation under Step 1. After a review of RES Area soil data, two 
areas qualified for inclusion into Step 2 of the HHRA as a result of their comprehensive 
characterization data:  (1) the MFA (inclusive of Building 128 and nearby sample locations), and 
(2) the Corporation Yard. All chemicals detected in soil were considered as COPCs in Step 2 of 
the HHRA. 

The following chemicals exceeded the commercial RBC or TSCA high occupancy without 
further conditions criterion (PCBs only) in soil based on the screening in HHRA Step 1:   

• Metals:  Arsenic, lead, mercury (total), and thallium (one sample) 

• SVOCs:  BAP (EQ) 

• Pesticides:  Chlordane (one sample) 

• Dioxins:  Dioxin TEQ 

• PCBs:  Aroclor-1248, -1254, and -1260 

Concentrations of arsenic, BAP (EQ), and Aroclor-1254 exceeded the commercial RBCs by 
more than two orders of magnitude (regarded as significant exceedances). 

Concentrations of carbon tetrachloride and TCE exceeded the commercial vapor-intrusion RBC 
in groundwater at the Site based on the HHRA Step 1 screening in multiple samples at multiple 
locations. 

2.5.2  Exposure Assessment 

An exposure assessment is the process of measuring or estimating the intensity, frequency, and 
duration of human exposure to a chemical in the environment. An exposure assessment consists 
of: (1) characterization of the exposure setting, (2) identification of exposure pathways, and (3) 
quantification of pathway-specific exposures. 

The anticipated future use of the RES Area assumes development or redevelopment of 
significant portions for commercial activities. Future potential receptors, expected to be 
limited, include (1) future commercial workers, (2) future construction workers, and (3) future 
maintenance workers.  

The potential exposure pathways quantitatively or qualitatively evaluated for soil include:  
(1) incidental ingestion of soil, (2) dermal contact with soil, and (3) inhalation of chemicals 
released to outdoor air from wind erosion and volatilization. Three potentially complete exposure 
pathways for groundwater were identified:  (1) inhalation of volatile chemicals that may have 
migrated from groundwater into indoor air, if the groundwater contamination plume is within 
100 feet of a current or future occupied building, (2) inhalation of volatile chemicals migrating 
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from groundwater into air in a construction trench, and (3) dermal contact with groundwater in a 
construction trench. For each medium and pathway cited above, RBCs were developed. 

In Step 1 of the HHRA, all chemicals in each sample within the RES Area were compared with: 

• Soil commercial RBCs;  

• Groundwater commercial (vapor intrusion) RBCs;  

• TSCA criterion for high occupancy areas without cap and with cap (PCBs only) (EPA 
2005);  

• Background levels for arsenic (Erler & Kalinowski, Inc. 2007; DTSC 2007b), and  

• Ambient levels for BAP (EQ) (DTSC 2009b).  

The Step 1 point-by-point evaluation also identifies significant exceedances of the human health 
screening criteria (significant exceedances were defined as an exceedance 100 times greater than 
the criterion). Step 1 terminates at this step.  

In Step 2 of the HHRA, two sets of exposure point concentrations (EPC) were calculated to 
evaluate exposures to soils at the MFA and the Corporation Yard. The EPCs were calculated as 
the 95th percentile Upper Confidence Limit (UCL) of the arithmetic mean using EPA’s ProUCL 
Version 4.1.00 statistical software package (EPA 2010). A 95th percentile UCL was not 
developed for constituents with less than six detected results and the maximum detected 
concentration was used as the EPC. If the 95th percentile UCL was found to be higher than the 
maximum detected concentration, the maximum value was used at the EPC. 

2.5.3  Toxicity Assessment 

The toxicity assessment describes the relationship between a dose of a chemical and the potential 
likelihood of an adverse health effect. It identifies toxicity criteria used to evaluate risk to 
receptors. Sources used to obtain toxicity criteria follow the hierarchy outlined in EPA (EPA 
2003), except that State of California toxicity criteria, when available, were used preferentially 
over federal criteria if the State of California criteria were determined more conservative. 
Chemical surrogates were used in the HHRA because toxicity criteria and subsequent RBCs 
were not available for some COPCs. Chemical surrogates were selected based on structural 
similarity, chemical activity, and mechanisms of toxicity. Risks from exposure to lead were 
characterized by comparing the EPC with the Cal/EPA Office of Environmental Health Hazard 
Assessment (OEHHA) industrial and residential California human health screening levels (80 
and 320 mg/kg, respectively) (OEHHA 2009). 

2.5.4  Risk Characterization 

The risk characterization component of the HHRA involves comparing EPCs with RBCs (which 
include assumptions regarding daily intakes and chemical-specific toxicity criteria) to assess 
potential for health risks associated with exposure to COPCs. The risk characterization step was 
conducted to quantify risk estimates in Step 2 of the HHRA. 
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Quantitative assessments of risk regarding soil at the MFA and the Corporation Yard were 
conducted in Step 2 of the HHRA. The total cancer risk estimates for both the MFA and the 
Corporation Yard were greater than 1E-06 for all future receptors. The total noncancer hazard 
indices (HI) were greater than 1 for all receptors except the future maintenance worker, which 
had an HI less than 1. COCs for one or more receptors at the MFA or the Corporation Yard 
included the following:  arsenic, lead, mercury, Aroclor-1248, Aroclor-1254, Aroclor-1260, BAP 
(EQ), chlordane, and Dioxin TEQ. 

2.6  ECOLOGICAL EVALUATION 

The RES Area is primarily covered by buildings, parking lots, landscaped vegetation, or open 
spaces covered with non-native grasses that do not currently provide quality habitat for 
ecological receptors. However, the RES Area includes an old grove of eucalyptus trees planted 
by the CCC that provides roosting and breeding habitat for tree-nesting raptor species and 
monarch butterflies. Buildings may also provide roosting habitat for bats. In addition, west of 
Building 280B, the RES Area includes a meadow containing a high density of native grasses and 
seasonal wet meadows that serves as native habitat for ecological receptors. Proposed future 
commercial land use for the RES Area is not likely to provide ecological habitat. Within the RES 
Area, pathways to upland ecological receptors are generally limited (Tetra Tech 2013).  

The Draft LRDP EIR addresses mitigation measures for protected ecological resources during 
future demolition or construction projects. Any activities conducted under the RAW are subject 
to mitigation measures to be approved in the Final EIR, as discussed in Section 6.0.  

The majority of the coastal terrace prairie and the entirety of the salt marsh at the Site are within 
what the Richmond Bay Campus LRDP identifies as the NOS Area of the Richmond Bay 
Campus and is not included in the RES Area (Figure 1-3). These NOS Areas will be considered 
for evaluation during future ecological risk assessment activities under the DTSC Order. 

Any area within the RES Area currently serving as habitat (Figure 1-3) remains subject to 
consideration for an ecological risk assessment unless and until a development schedule is 
defined for that area, at which point it will become subject to the RES Area requirements. 

2.7  SCR CONCLUSIONS AND TRANSITION TO RAW 

The SCR concluded that an evaluation of final remedy in the RAW for the RES Area should 
incorporate the following recommendations:  

• Soil Recommendation No. 1. The MFA, Corporation Yard, Building 112 
transformer area, and Building 150 transformer area should be evaluated for 
final remedy.  

o The nature and extent and risk evaluations for the MFA indicate that soils with 
elevated concentrations of arsenic, mercury, and PCBs are present, which may 
pose unacceptable risk to future commercial receptors under very specific 
conservative exposure scenarios. 
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o The nature and extent and risk evaluations for the Corporation Yard indicate that 
soils with elevated concentrations of arsenic, PCBs, BAP (EQ), and dioxin are 
present, which may pose unacceptable risk to future commercial receptors under 
very specific conservative exposure scenarios. 

o Comparison of concentrations of PCBs in soil with TSCA criteria indicates that 
soils with elevated concentrations of PCBs are present at Building 112 and 
Building 150 transformer areas. 

These areas should be evaluated for removal action alternatives, such as removal, 
treatment, capping, or management alternatives, to reduce or eliminate risks to possible 
future exposures. Elevated arsenic concentrations are likely associated with cinders, 
which are recommended to be managed under a cinders management plan.  

• Soil Recommendation No. 2. In the remainder of the RES Area, the nature and 
extent and risk evaluations indicate that elevated concentrations of arsenic, lead, BAP 
(EQ), and PCBs are present sporadically across the RES Area, and that these areas do 
not pose significant risk to future receptors. Elevated arsenic and lead concentrations 
are likely associated with cinders, which are recommended to be managed in place 
under a soil management plan, consistent with the current interim cinders 
management plan.  

• Groundwater Recommendation No. 1. Carbon tetrachloride detections in 
groundwater near Building 280B should be evaluated for final remedy. 

• Groundwater Recommendation No. 2. TCE-impacted groundwater at the Site 
originating from the former Zeneca site should be subject to the former Zeneca Site 
Investigation and Remediation Order (IS/E-RAO 06/07-005), and investigation, 
remediation, and monitoring activities should be addressed under that Order. 

• Groundwater Recommendation No. 3. The remainder of groundwater at the Site 
will continue to be monitored under the on-going groundwater monitoring program 
(Tetra Tech 2012).  

2.7.1  RAW Evaluation of SCR Soil Recommendations 

In order to identify contaminated areas and develop cleanup technologies for soil, Figure 2-8 
identifies the soil sampling locations with chemical exceedances of commercial worker 
RBCs or background, and total PCB concentrations greater than the TSCA high occupancy 
without further conditions threshold criterion (1 mg/kg). Figure 2-8 shows concentrated areas 
of exceedances in the PCB areas, the MFA, the Corporation Yard, and sporadic exceedances 
in the remainder of the RES Area. Because each of these geographic areas is distinct, they 
will be evaluated separately, including identification of COCs and alternative analysis, with 
the exception of the PCB areas, which will be evaluated together. The remainder of the RES 
Area constitutes a fourth geographic area to be evaluated separately. 

COCs for soil requiring evaluation in this RAW for each of the four geographic soil areas are 
presented below: 
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1. PCB Areas and Known PCB Areas: 

a. COC:  PCBs 

b. Rationale:  Potential future exposure to PBCs at total PCB concentrations 
greater than the TSCA high occupancy without further conditions threshold of 
1 mg/kg (without cap) 

c. Based on limited alternative options for PCB remediation, total PCB 
concentrations greater than 1 mg/kg in soil will be excavated and disposed of 
at an off-site disposal facility. Excavation will be recommended and no 
additional alternatives evaluation will be conducted for PCBs. 

2. MFA 

a. Commercial COCs:  mercury, cinders-related metals (arsenic and lead), and 
PCBs (in transformer area only) 

b. Rationale:  Source removal of mercury and potential future exposure to 
cinders (PCBs are addressed as part of remediation in the Building 112 
transformer area) 

3. Corporation Yard 

a. Commercial COCs:  cinders-related metals (arsenic and lead), PCBs, BAP 
(EQ), and dioxin  

b. Rationale:  Potential future exposure to COCs (PCBs are addressed as part of 
PCB remediation in the Corporation Yard) 

4. Remainder of RES Area 

a. Commercial COCs:  mercury, cinders-related metals (arsenic and lead), PCBs, 
BAP (EQ), and dioxin 

b. Rationale:  Potential future exposure to known and not previously identified 
COCs 

2.7.2  RAW Evaluation of SCR Groundwater Recommendations 

In order to identify contaminated areas and develop cleanup technologies for groundwater, 
Figure 2-9 identifies groundwater sampling locations with chemical exceedances of the 
commercial RBCs for vapor intrusion, which has been identified as the primary pathway of 
concern. Figure 2-9 shows areas of elevated carbon tetrachloride and TCE concentrations in 
groundwater. These two groundwater contaminants are addressed separately. The remainder of 
groundwater at the Site will continue to be monitored under the existing groundwater 
monitoring program (Tetra Tech 2012) and does not require a remedy evaluation.  

COCs requiring remediation and the rationale for remediation for the two geographic 
groundwater areas are presented below: 
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1. Carbon Tetrachloride Area: 

a. COC:  Carbon tetrachloride 

b. Rationale:  Source identification and control or monitoring of carbon 
tetrachloride and reduction of potential future vapor intrusion exposure. The 
identification of a contaminant soil source for the impacted groundwater will 
be addressed in the NOS Area investigations. Based on groundwater flow 
direction being from the northeast to southwest, a soil source is likely in the 
vicinity or northeast of piezometer CTP, located in the NOS Area. 

2. TCE Areas: 

a. COC:  TCE 

b. Rationale:  Contaminants in groundwater originating from the former Zeneca 
Site, including TCE and its breakdown components, are subject to the former 
Zeneca Site Investigation and Remediation Order (IS/E-RAO 06/07-005). The 
remediation of TCE-impacted groundwater must meet the groundwater RAOs 
developed in this RAW. 
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3.0  REMOVAL ACTION OBJECTIVES, GENERAL RESPONSE ACTIONS, AND 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

Following DTSC RAW guidance (DTSC 1998), this section identifies RAOs for contaminated 
soil within the RES Area and groundwater, presents a range of general response actions (GRA) 
and technologies that will satisfy the goal of protecting human health, develops alternatives for 
the RES Area and groundwater in the Carbon Tetrachloride Area, and identifies applicable or 
relevant and appropriate requirements (ARAR). Contaminants in groundwater originating from 
the former Zeneca Site, including TCE and its breakdown components, are subject to the 
former Zeneca Site Investigation and Remediation Order (IS/E-RAO 06/07-005). Alternatives 
will not be evaluated for PCB-impacted soil. PCB-impacted soil with total PCB concentrations 
greater than 1 mg/kg will be excavated and disposed of offsite.  

3.1  REMOVAL ACTION OBJECTIVES  

RAOs are medium-specific goals for protecting human health and the environment. An RAO 
should specify (1) the COCs, (2) the exposure route and receptors, and (3) an acceptable 
chemical concentration or range of concentrations for each exposure route. RAOs include both 
an exposure pathway and a chemical concentration in a given medium because protectiveness 
may be achieved in two ways:  limiting or eliminating the exposure pathway, or reducing 
chemical concentrations.   

The 2006 DTSC Order identified the following remedial action objective for the Site: 

“The reasonably foreseeable future land use of the Site is commercial/educational 
and open space. Therefore, remedial action objectives for contaminated media 
shall be developed that are protective of adults and children in a 
commercial/education scenario and as recreational users of open space.”  

The development plan for the RES Area in the LRDP indicates that potential future users are 
primarily future commercial workers, construction workers, and maintenance workers. Future 
receptors may also include recreational users and children visiting the site during field trips. The 
commercial worker exposure pathway evaluated in the HHRA is overly protective of occasional 
visitors to the site, including recreational users and children visiting the facility during 
supervised field trips. Therefore, recreational users and children are included as potential future 
users under the commercial worker exposure pathway. 

The following RAOs for the RES Area and Site-wide groundwater were developed to protect 
human health based on the COCs and future receptors for each geographic soil and groundwater 
area.  

1. For future projects within the RES Area, prevent exposure of commercial workers, 
maintenance workers, and construction workers via dermal contact with, and 
incidental ingestion and inhalation of, soil containing chemical concentrations greater 
than the receptor-appropriate RBC, background level, or other appropriate criterion.  
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2. For the MFA and Corporation Yard, prevent exposure of current maintenance and 
construction workers and future commercial workers, maintenance workers, and 
construction workers via dermal contact with, and incidental ingestion and inhalation 
of, soil containing mercury, arsenic, lead, BAP (EQ), and dioxin concentrations 
greater than the RAW remedial goals listed below. Since there are no utility corridors 
proposed or imminent future construction activities, the commercial worker RBC is 
the appropriate remedial goal. In the event of future maintenance activities or new 
projects identified at the MFA or Corporation Yard, then maintenance and 
construction worker RBCs will be evaluated. 

3. For PCB Areas, prevent exposure of current maintenance and construction workers 
and future commercial, maintenance, and construction workers via dermal contact 
with, and incidental ingestion and inhalation of, soil containing total PCB 
concentrations greater than the TSCA high occupancy without further conditions 
threshold of 1 mg/kg. The TSCA threshold of 1 mg/kg is the appropriate remedial 
goal for PCBs. 

4. Prevent exposure of current maintenance and construction workers and future 
commercial, maintenance, and construction workers via inhalation of unsafe vapors 
from groundwater containing carbon tetrachloride or TCE at concentrations greater 
than commercial vapor intrusion RBCs. 

Based on the above RAOs and the COCs identified in the HHRA, the remedial goals for this 
RAW are as follows: 
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REMEDIAL GOALS 
PCB Areas, MFA, Corporation Yard, Carbon Tetrachloride Area, and TCE Areas 

Chemical of Concern 

Receptors   

Commercial 
Worker 

Construction 
Worker 

Maintenance 
Worker Other Criteria 

Remedial 
Goala 

Soil COCs      

Total PCBsb 1.59 9.0 10.5 1c 1 

Arsenic   0.22 1.6 1.6 16 d 16e 

BAP (EQ) f 0.14 0.96 0.96 0.4d 0.4 
Dioxin TEQ g 1.64E-05 1.16E-04 1.16E-04 NA 1.64E-05 
Lead h   320 320 NA NA 320e 
Mercury i 275 77 1921 NA 275 

Groundwater COCs      
Carbon Tetrachloride 2.63 NA NA NA 2.63 
TCE 270j NA NA NA 270 

       Notes: 
All soil COC concentrations in mg/kg. RBCs shown are the minimum values between the cancer and noncancer 
multi-pathway RBCs.  All groundwater COC concentrations in µg/L and represent the commercial vapor intrusion 
RBC.  Vapor intrusion has been identified as the primary pathway of concern for groundwater.  

a Remedial goals are cleanup goals for the PCB Areas, MFA, Corporation Yard, Carbon 
Tetrachloride Area, and TCE Areas.  The commercial worker is the appropriate receptor to evaluate 
for this RAW; therefore the remedial goals are based on the commercial worker RBC, background, 
or TSCA criterion. 

 

b RES Area PCB COC includes Aroclor-1248, Aroclor-1254, and Aroclor-1260.  The receptor-
specific RBC is the sum of the individual RBCs for the three COCs: Aroclor-1248, Aroclor-1254, 
and Aroclor-1260. 

 

c TSCA High Occupancy, no further conditions threshold criterion for total PCBs.  
d Richmond Bay Campus background concentration.   
e Arsenic and lead within the PCB areas, MFA, and Corporation Yard are associated with known cinders areas. 

Arsenic and lead collocated with other COCs will be excavated. Remaining arsenic and lead associated with 
cinders will be managed in place.  

f The toxicity criteria for benzo(a)pyrene was used as a surrogate for BAP (EQ). 
g The toxicity criteria for 2,3,7,8-TCDD was used as a surrogate for Dioxin TEQ.  

h The final RBC shown for lead is based on the OEHHA (2009) commercial California Human Health Screening 
Level of 320 mg/kg. 

i The toxicity criteria for mercuric chloride was used as a surrogate for mercury. 
j Commercial vapor intrusion RBC TCE is a site-specific goal established by DTSC for the Campus Bay site 

(Terraphase 2008, 2012). 

       BAP (EQ) Benzo(a)pyrene equivalent PCB Polychlorinated Biphenyl 
COC Chemicals of concern RES Research, Education, and Support 
EPA Environmental Protection Agency RBC Risk based concentration 
µg/L Microgram per liter TCDD Tetrachlorodibenzo-p-dioxin 
mg/kg Milligrams per kilogram TCE Trichloroethylene 
NA Not applicable TEQ Toxic equivalence quotient 
OEHHA Office of Environmental Health Hazard Assessment TSCA Toxic Substance Control Act 
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The prevention of exposure to surficial soils by current and future commercial, maintenance, and 
construction workers via dermal contact, incidental ingestion, or inhalation of soil will be 
addressed through the selection of the appropriate remedial goals listed above. Commercial 
receptors will not be exposed to subsurface soils, and as a result, additional screening criteria 
have been developed to ensure RAOs for subsurface soils are also met.  

Two soil screening criteria have been established to further ensure protection of future receptors: 
Category I and II. Soil with concentrations less than Category I criteria are consistent with the 
commercial worker RBC and background concentrations, as well as the remedial goals identified 
for the MFA, Corporation Yard, and PCB areas presented above and do not pose unacceptable 
risk to commercial worker receptors. Soil with concentrations greater than Category I but less 
than Category II criteria indicate that direct exposure to commercial receptors may be 
unacceptable, and therefore the soil must not be accessible by any commercial receptors. If this 
soil is 2 feet below ground surface, or beneath a roadway, parking, or building structure, it is not 
considered accessible by commercial receptors (see engineering controls in Section 3.2.3). Soil 
with concentrations greater than Category II screening criteria should be considered for off-site 
disposal. Category I and II screening criteria are to be considered as remedial goals for future 
actions within the RES Area and are inclusive of all potential contaminants, in addition to the 
specific COCs identified in the remedial goals identified in the table above. Category I and II 
screening criteria are presented in Table 3-1.  

3.2  GENERAL RESPONSE ACTIONS 

Following DTSC RAW guidance (DTSC 1998), this section presents an initial screening of 
cleanup technologies, based on effectiveness, implementability, and cost, that identifies 
potentially applicable remedial technology types and specific process options by environmental 
medium. The remedial technology types and specific process options that pass this initial 
screening are assembled into medium-specific alternatives for detailed and comparative analyses. 
The following subsections describe the GRAs and the evaluation criteria. 

3.2.1  No Action 

Under the no-action GRA, no remedial measures will be taken. As discussed in Section 1.1.1, 
this RAW also meets the required elements of a RAP, including that the no-action GRA be 
carried through the detailed comparative analysis of the alternatives. No remedial action would 
take place under the no-action GRA; therefore, no institutional controls (IC), engineering 
controls (EC), containment, removal, treatment, or any other mitigating actions would be 
implemented. 

3.2.2  Land Use Controls 

LUCs are tools and mechanisms applied to implement restrictions at a site. LUCs encompass 
both institutional and engineering controls, as discussed below. 

Institutional Controls (IC) are legal or administrative measures that influence human behavior 
through land use zoning, regulatory reports and agreements, permits, warnings, and advisories.  

ICs manage risk associated with contaminated media exposure by limiting the potential for direct 
contact with the medium. ICs do not reduce the toxicity, mobility, or volume of hazardous 
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substances in soil or groundwater, but they provide a means by which risk is reduced or 
eliminated by “breaking” the exposure pathway, which is acceptable. 

ICs are legal and administrative mechanisms used to implement land use and access restrictions 
to limit the exposure of potential receptors to hazardous substances and to maintain the integrity 
of the remedial action until remediation is complete and remedial goals have been achieved. 
Monitoring and inspections are conducted to ensure the land use restrictions are being followed. 
Legal mechanisms include negative easements, restrictive covenants, equitable servitudes, and 
deed restrictions. Administrative mechanisms include deed notices, adopted local land use plans 
and ordinances, construction permitting, or other existing land use management systems that may 
be used to ensure compliance with use restrictions. Often ICs are more effective if they are 
layered or implemented in series. Layering means using different categories of ICs concurrently 
to enhance the protectiveness of the remedy. Implementation of ICs in series may be applied to 
ensure both the short- and long-term effectiveness of the remedy. As a single remedy, ICs are 
typically implemented as a long-term approach.  

Engineering Controls (EC) are tangible measures that prevent exposure by physically 
preventing humans, wildlife, or media from coming into contact with contaminated media left on 
site. Common examples of engineering controls include designed soil caps, geotextile barriers, 
fencing and signage, personal protective equipment (PPE), surface water and soil vapor 
monitoring, and existing buildings or asphalt cover. 

Typically, ECs are used in conjunction with some form of ICs to ensure proper monitoring and 
maintenance of the EC. The purpose of an exposure prevention barrier is to break a complete 
exposure pathway to a human receptor. Exposure prevention barriers can be applied at a site 
where the nature and extent of the contamination are such that a fully engineered and maintained 
containment system—such as that required at landfills—is not warranted. The components of 
exposure prevention barriers include existing or new building foundations and floors, parking 
lots, sidewalks, other paved areas, vapor barriers, subsurface vapor control systems, and 
landscaped areas. ICs would be required to maintain exposure prevention control and to allow 
for appropriate precautions to be taken should the need to penetrate the exposure prevention 
barrier be required (such as utility repair). 

Health and safety protocols, such as the availability and use of proper PPE to prevent dermal and 
inhalation exposure to contaminants that might be encountered during construction activities, can 
also be a component of ECs. 

3.2.3  Active Remediation 

Active remediation consists of engineering processes that minimize or eliminate the potential 
exposures of receptors to contamination by removing or containing contaminated media, or 
reducing toxicity, volume, or mobility through natural attenuation or treatment. Active 
remediation technologies can be categorized into three groups:  (1) removal, (2) containment, or 
(3) treatment. Treatment technologies are further categorized based on where the treatment 
occurs:  (1) in-situ technologies, where the waste is treated on site where it is located (such as in 
the ground); (2) ex-situ technologies, where the waste is treated on site but at a location other 
than where the waste was originally located; and (3) off-site, at a permitted facility.  
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3.2.4  Monitoring 

Monitoring is the collection and analysis of data (chemical, physical, or biological) over a 
sufficient period of time and frequency to determine the status and/or trend in one or more 
environmental parameters or characteristics (EPA 2004). Many types of monitoring may be 
conducted at a site, such as detection monitoring, compliance monitoring, and remedial 
monitoring. 

The effectiveness of groundwater treatment technologies is often evaluated based on the results 
of groundwater monitoring samples. Groundwater monitoring plans typically recommend that 
several rounds of sampling be conducted over a period of at least one year to evaluate treatment 
effectiveness and document that no contaminant rebound has occurred. Results obtained during 
performance monitoring are valuable confirmation of the success of treatment technologies. 

3.2.5  Screening of Technologies 

Per DTSC RAW Guidance (DTSC 1998), the soil and groundwater technologies are evaluated 
against three criteria:  effectiveness, implementability, and cost. This RAW also satisfies the 
evaluation criteria requirements specified in DTSC guidance for the preparation of a RAP, 
including California Health and Safety Code section 25356.1(d) which requires that RAPs be 
based on the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). The 
NCP identifies nine criteria, or standards, to evaluate alternatives for cleaning up a hazardous 
substance release site. The RAW evaluation criteria are described below and listed in Table 3-2 
with a comparison to the nine evaluation criteria used in a feasibility study or RAP.  

Effectiveness:  Effectiveness is the ability of a remedial technology or alternative to achieve the 
RAO within a reasonable timeframe. The key aspects of the effectiveness criterion include: 

• The overall protection of human health and the environment.  

• The degree to which the response action complies with ARARs established for the Site. 

• The short-term effects of the response action alternative on human health and the 
environment during implementation. This would include the impacts to nearby 
communities, site workers, and the surrounding environment. This would also include 
the time required until the alternatives are implemented. 

• The long-term effectiveness of managing the residual risk remaining from any 
remaining contamination and the adequacy and reliability of controls used to manage 
the treated residuals or untreated contaminated media. 

• The degree to which the response action reduces the toxicity, mobility, and/or volume 
of the hazardous substance or contaminated media. 

Implementability:  The evaluation of implementability encompasses both the technical and the 
administrative feasibility of implementing a remedial technology or alternative. Technical 
feasibility includes compatibility with site-specific conditions; the availability of equipment; the 
ease of constructing the remediation system; the labor intensiveness required by the system; and 
the availability of vendors that have the capability to design, construct, and maintain the system. 
Administrative feasibility includes the ease of obtaining approvals from other offices and 
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agencies, the requirements for specific equipment and technical specialists, and the degree of 
community acceptance.  

Cost:  The evaluation of cost addresses direct and indirect capital costs and annual operation and 
maintenance (O&M) costs. The relative cost for each technology or alternative is described 
qualitatively as low, moderate, or high. The cost ranges are based on a review of the literature, 
vendor quotations, professional or engineering judgment, or data prepared for other studies.  

The GRA screening for soil and groundwater are presented in Tables 3-3 and 3-4, respectively. 

3.3  REMOVAL ACTION ALTERNATIVES 

Based on the technology evaluation presented in Table 3-3, LUC, containment, and removal 
GRAs were retained for development of soil alternatives. Treatment GRAs for soil were not 
considered for further evaluation because they have limited effectiveness and were deemed time 
and cost prohibitive. From the retained GRAs, soil alternatives identified ranged from no action 
(least protective) to an unrestricted use scenario. These alternatives were selected based on: 
(1) the lack of hazard or risk to current workers or other receptors at the Site; (2) the proposed 
commercial use presented in the LRDP; and (3) the evaluation of GRAs. The technology 
evaluation presented in Table 3-4 limited the GRAs retained for development of groundwater 
alternatives to LUCs, monitoring, and three treatment GRAs because they were deemed most 
effective for source reduction. The alternatives proposed for soil and groundwater are 
summarized in Table 3-5 and presented in detail below. A range of alternatives is not required 
for the PCB contamination because this soil is proposed for excavation and off-site disposal, as 
discussed in Section 2.7.3. 

3.3.1  Soil Alternatives 

Five soil alternatives were identified as a result of the technology screening, including the 
no-action alternative. Three excavation and disposal alternatives were developed for the MFA, 
Corporation Yard, and remainder of the RES Area. One additional capping alternative is 
included for evaluation at the MFA only. The alternatives are described in detail below. 

Alternative S-1, No Action:  DTSC guidance requires that the no-action alternative be carried 
through the detailed analysis of alternatives. Under the no-action alternative, no response actions 
are taken at the site. Soil would be left in place without implementing any LUCs, containment, 
removal, treatment, or any other mitigating actions. This alternative provides the least 
environmental protections. 

Alternative S-2, Excavation to Unrestricted Reuse and Off-site Disposal:  Alternative S-2 
involves the excavation of all pyrite cinders and soil in the RES Area containing chemicals at 
concentrations greater than unrestricted RBCs and disposal at an off-site permitted disposal 
facility. Excavation would be achieved using conventional excavation equipment such as 
backhoes and front-end loaders. Site preparation activities, such as clearing utilities, and 
vegetation clearing and grubbing, would be conducted. Excavation depths would not exceed the 
depth of the top of groundwater. Decontamination facilities for equipment and personnel would 
be located at a centralized decontamination area. Off-site disposal of soil includes transportation 
and disposal of contaminated soil at an appropriately permitted landfill facility based on waste 
characterization sampling results. DTSC-approved clean soil currently stockpiled in the RES 
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Area would be placed and compacted as backfill in each excavation. If additional backfill is 
required, imported clean soil with concentrations less than the Category I criteria and meeting 
DTSC Information Advisory, Clean Imported Fill Material requirements (DTSC 2001) will be 
used. Important considerations with excavation and disposal include excavation volume, fugitive 
emissions, hauling distance, and the type of treatment and disposal facility available for final 
disposition. This alternative provides for the most conservative environmental protections in the 
event of the property being considered for unrestricted use. 

Alternative S-3, Excavation to Commercial Reuse, Off-site Disposal, LUCs, and SMP:  
Alternative S-3 involves the excavation of soil containing COCs at concentrations greater than 
remedial goals and disposal at an off-site permitted disposal facility. The excavation to 
commercial reuse alternative also incorporates Category I and II criteria as remedial goals for the 
management of soil not accessible under the commercial worker exposure scenario. Cinders 
encountered within excavation boundaries would be excavated and disposed of offsite. Cinders 
encountered beyond excavation boundaries would be managed in place consistent with current 
cinder management practices (see Section 5.1.2). Excavation would be achieved using 
conventional excavation equipment such as backhoes and front-end loaders. Site preparation 
activities, such as clearing utilities, and vegetation clearing and grubbing, would be conducted. 
Excavation depths would not exceed the depth of the top of groundwater. Decontamination 
facilities for equipment and personnel would be located at a centralized decontamination area. 
Off-site disposal of soil includes transportation and disposal of contaminated soil at an 
appropriately permitted landfill facility based on waste characterization sampling results. DTSC-
approved clean soil currently stockpiled in the RES Area, or imported soil with concentrations 
meeting DTSC Information Advisory, Clean Imported Fill Material requirements (DTSC 2001), 
would be placed and compacted as backfill in each excavation. LUCs related to soil are required 
to restrict residential development and are described below. 

(1) A deed restriction would be recorded to prohibit residential use consisting of a residence, 
mobile home, or factory-built housing constructed or installed for use as residential 
human habitation. In addition, certain commercial uses defined as “sensitive uses” will 
also be prohibited. Sensitive uses consist of (a) a hospital for humans, (b) a public or 
private school for persons less than 21 years of age, (c) a day care center for children, or 
(d) any permanently occupied habitation other than those used for industrial purposes. If 
future redevelopment conditions warrant, UC may apply at a later time to remove a 
restriction or apply for a variance from the restriction. 

(2) 5-year reviews and reporting would be conducted to ensure the continued 
effectiveness of the LUCs, specifically compliance with the deed restrictions. 

A SMP would be implemented to support the LUCs by providing a framework to prohibit 
uncontrolled land excavation or disturbance activities which may expose workers or visitors to 
unsafe environmental contaminants. The SMP ensures that soils disturbed during future 
construction or redevelopment projects will be sampled and managed to ensure no uncontrolled 
exposures to unknown or unidentified contaminants within the RES Area occur. The SMP will 
be implemented for all future projects impacting subsurface soils; the SMP is intended to meet 
the requirement of excavation to commercial reuse for future projects based on adherence to the 
Category I and II screening criteria. 



 

RAW, Richmond Bay Campus 31 November 25, 2013 

The SMP prescribes protocols for DTSC notification; soil sampling, data analyses, soil 
management or disposal practices; and final reporting. Soil sampling is based on prescribed 
sampling frequency, depths, and chemicals which are determined based on the size and 
location of the proposed construction or maintenance project. Soil management and disposal 
practices are based on comparison of soil sample results to Category I and II screening criteria, 
and final reporting is conducted through submittal of a completion report once the individual 
project has been completed. 

Alternative S-4, LUCs:  Alternative S-4 involves LUCs that restrict use of the property to 
prohibit activities that could result in human exposure to contaminated soil, groundwater, or 
vapors underlying the RES Area. The LUCs would be composed of the ICs summarized in 
Alternative S-3. Under this alternative, soil would be left in place without implementing any 
containment, removal, or treatment actions.  

Alternative S-5, Asphalt Cap, LUCs, and SMP (MFA only):  Alternative S-5 involves 
construction of a single-layer asphalt cap over the areas containing mercury at concentrations 
greater than the remedial goal; Alternative S-5 is only evaluated for the MFA. Site preparation 
activities, such as clearing utilities, vegetation clearing and grubbing, and grading, would be 
conducted. The asphalt cap would consist of a subbase preparation layer and a 6-inch layer of 
asphalt. The asphalt cap would prevent direct contact exposure to contaminated soil, and restrict 
the potential migration of contaminants through the action of wind erosion and surface run-off. 
Alternative S-5 would require LUCs consistent with those described in Alternative S-3 to restrict 
residential development at the Site and additional monitoring and maintenance to ensure the 
integrity of the cap is not breached. Alternative S-5 would include the implementation of an SMP 
as described under Alternative S-3. 

3.3.2  Groundwater Alternatives 

Carbon tetrachloride and TCE have been identified as COCs in groundwater at the Site. The 
remedy for contaminants in groundwater originating from the former Zeneca Site, including TCE 
and its breakdown components, is subject to the former Zeneca Site Investigation and 
Remediation Order (IS/E-RAO 06/07-005), and will meet the RAOs identified for groundwater 
at the Site. Groundwater concentrations in areas outside of the carbon tetrachloride and 
TCE-impacted areas do not exceed vapor intrusion RBCs and, therefore, do not require 
additional evaluation within this RAW; however, site-wide groundwater will continue to be 
monitored under the proposed groundwater monitoring program (Tetra Tech 2012).  

The Carbon Tetrachloride Area is predominantly within the NOS Area, which has been 
identified as a natural area that UC plans to protect from development and maintain in its natural 
condition. Future construction of buildings over the plume is not planned to occur within the 
NOS Area. Groundwater flows from northeast to southwest in the vicinity of the Carbon 
Tetrachloride Area. Current groundwater concentrations of carbon tetrachloride and its 
degradation daughter products (chloroform, dichloromethane, and chloromethane) in the RES 
Area downgradient of the Carbon Tetrachloride Area are below VI RBCs, and therefore, do not 
pose a current risk. Building 280B, located cross-gradient of the Carbon Tetrachloride Area, is 
an abandoned building with no current or planned future tenants. The alternatives evaluated in 
the following subsections address the potential future vapor intrusion pathway for existing 
Building 280A and potential future construction in the RES Area downgradient of the Carbon 
Tetrachloride Area.  
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The identification of a contaminant soil source for the impacted groundwater will be addressed 
as a part of the NOS Area investigation during Phase IV field activities. 

The following four alternatives were developed for the Carbon Tetrachloride Area: 

Alternative GW-1, No Action:  DTSC guidance requires that the no-action alternative be 
carried through the detailed analysis of alternatives. Under the no-action alternative, no response 
actions will be taken at the site. Groundwater would be left in place without implementing any 
LUCs, containment, removal, treatment, or any other mitigating actions.  

Alternative GW-2, Permeable Reactive Barrier, LUCs, and Groundwater Monitoring:  A 
funnel and gate permeable reactive barrier (PRB) would be designed to treat carbon tetrachloride 
in groundwater as the groundwater moves through the PRB. A 120-foot PRB would be installed 
between two sets of 100-foot sheet-piling funnel. The PRB is estimated to be a 2-foot-wide 
treatment zone consisting of zero-valent iron (ZVI). Pilot or treatability studies, including soil 
sampling, would be conducted to ensure proper design parameters and confirm the radius of 
impacted groundwater prior to implementation of final remedy. LUCs would consist of a deed 
restriction and 5-year reporting. A deed restriction would be recorded to (1) prohibit beneficial 
use of groundwater; and (2) prohibit groundwater extraction, except for dewatering and/or 
treatment purposes (extracted groundwater must be handled in accordance with all laws and as 
described in the treatment plan or SMP). 5-year reviews and reporting would be conducted to 
ensure the continued effectiveness of the LUCs, specifically compliance with the deed 
restriction. Alternative GW-2 would also include 5 years of annual groundwater performance 
monitoring to evaluate whether the PRB was effectively reducing carbon tetrachloride and its 
degradation daughter product concentrations to below the commercial vapor intrusion RBCs.  

Alternative GW-3, In Situ Bioremediation, LUCs, and Groundwater Monitoring:  The in 
situ bioremediation (ISB) treatment system would consist of installing approximately 15 to 25 
injection point wells within the carbon tetrachloride plume to anaerobically biodegrade carbon 
tetrachloride in groundwater. The well layout would consist of two lines of 2-inch diameter 
injection point wells surrounding piezometer CTP with additional injection point wells located at 
the grab groundwater locations that had detected results. Pilot or treatability studies, including 
soil sampling, would be conducted to ensure proper design parameters and confirm the radius of 
impacted groundwater prior to implementation of final remedy. LUCs would consist of a deed 
restriction and 5-year reporting, as described under Alternative GW-2. Alternative GW-3 would 
also include 5 years of annual groundwater performance monitoring to evaluate whether the ISB 
system was reducing carbon tetrachloride and its degradation daughter product concentrations to 
less than the commercial vapor intrusion RBCs.  

Alternative GW-4, Monitored Natural Attenuation and LUCs:  Monitored natural 
attenuation (MNA) refers to the reliance on natural attenuation processes to achieve site-specific 
remediation objectives within a time frame that is reasonable compared to that offered by other 
more active methods (EPA 1999). Natural attenuation processes include a variety of physical, 
chemical, and biological processes that, under favorable conditions, reduce the mass, toxicity, 
mobility, volume, and/or concentration of contaminants in soil and/or groundwater. EPA 
guidance (EPA 1998) identifies three lines of evidence that can be used to estimate natural 
attenuation of chlorinated VOCs: 
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(1) Historical ground water and/or soil chemistry data that demonstrate a trend of 
decreasing contaminant mass and/or concentration over time.  

(2) Hydrogeologic and geochemical data that can be used to demonstrate indirectly the 
type(s) of natural attenuation processes active at the site, and the rate at which such 
processes will reduce contaminant concentrations to required levels.  

(3) Data from field or microcosm studies that directly demonstrate the occurrence of a 
particular natural attenuation process at the site and its ability to degrade the 
contaminants of concern.  

Groundwater data for the Carbon Tetrachloride Area indicate that carbon tetrachloride has been 
detected in piezometer CTP at concentrations greater than its remedial goal of 2.63 µg/L; 
chloroform, a degradation daughter product, has been detected at concentrations below its 
commercial VI RBC of 25.5 µg/L; and dichloromethane and chloromethane, the next 
degradation daughter products, have not been detected above detection limits. Groundwater data, 
collected since 2010, show a slight decreasing trend in concentrations of carbon tetrachloride and 
its daughter product, chloroform. Existing geochemical data indicate that various MNA 
parameters, such as dissolved oxygen (DO), pH, and oxygen reduction potential (ORP), are 
within the range that is conducive to natural attenuation of carbon tetrachloride. Table 3-6 
presents historical groundwater data for the Carbon Tetrachloride Area with a comparison to 
typical MNA parameter values, showing that MNA is a viable alternative for the Carbon 
Tetrachloride Area.  

Alternative GW-4 would consist of installing approximately 6 monitoring wells or piezometers 
in an array surrounding piezometer CTP to better define the carbon tetrachloride plume extent 
and characteristics. Soil samples, to identify a potential contaminant soil source for the impacted 
groundwater, would be collected during well installation. For cost estimating purposes, 
Alternative GW-4 includes 1 year of quarterly groundwater performance monitoring and 4 years 
of annual groundwater performance monitoring, with wells being analyzed for MNA parameters, 
carbon tetrachloride, chloroform, dichloromethane, chloromethane, and methane.  

After the first year of quarterly monitoring, the effectiveness of Alternative GW-4 will be 
evaluated based on a weight-of-evidence approach consisting of the following factors: 

• Changes in chemical concentrations of carbon tetrachloride and its degradation products 

• Changes in wells with detected concentrations 

• Changes in groundwater gradient direction or magnitude 

• Chemical parameters including:  DO, ORP, pH, nitrate, sulfate, sulfide, iron (II), 
methane, total organic carbon, temperature, carbon dioxide, alkalinity, chloride, and 
hydrogen  

These factors will be used to evaluate whether the estimated chemical plume boundaries have 
expanded, contracted, or stabilized over time; and to determine at what frequency groundwater 
monitoring should continue. In the event that the factors indicate that plume concentrations are 
increasing or that the plume boundaries are expanding, then Alternative GW-4 would include 
assessment for implementation of a permeable barrier or in-situ bioremediation (as discussed in 
Alternatives GW-2 or GW-3) as contingency measures. 
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LUCs would consist of a deed restriction and 5-year reporting, as described under Alternative 
GW-2.  

3.4  APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

The identification of ARARs is a site-specific determination and involves a two-part analysis:  
(1) determine whether a requirement is applicable, and (2) if the requirement is not applicable, 
determine whether it is relevant and appropriate. The terms "applicable", "relevant and 
appropriate" are defined by the NCP as follows: 

Applicable Requirements are "those cleanup standards, standards of control, and 
other substantive requirements, criteria, or limitations promulgated under federal 
environmental or state environmental or facility siting laws that specifically 
address a hazardous substance, pollutant, contaminant, remedial action, location, 
or other circumstance at a CERCLA site" (40 CFR 300.5). 

Relevant and Appropriate Requirements are "those cleanup standard, standards of 
control, and other substantive requirements, criteria, or limitations promulgated 
under federal environmental or state environmental or facility siting laws that, 
while not applicable to a hazardous substance, pollutant, contaminant, remedial 
action, location, or other circumstance at a CERCLA site, address problems or 
situations sufficiently similar to those encountered at the CERCLA site that their 
use is well suited to the particular site" (40 CFR 300.5). 

There are three types of ARARs: chemical-, location-, and action-specific requirements. 
Chemical‐specific ARARs are health‐or risk‐based numerical values or methodologies that, 
when applied to site‐specific conditions, result in the establishment of numerical cleanup 
values. These values establish the acceptable amount or concentration of a chemical found in, 
or discharged to, the environment that is protective of human health or ecological receptors. 
Chemical‐specific ARARs for the potential actions at the Site are summarized in Table 3-7. 

Location-specific ARARs address unique or sensitive areas such as floodplains, historic places, 
wetlands and other ecosystems and restrict activities that are potentially harmful because of 
where they take place. Location‐specific ARARs for the potential actions at the Site are 
summarized in Table 3-7. 

Action-specific requirements are usually technology- or activity-based requirements or 
limitations on actions taken with respect to hazardous substances that are triggered by the 
particular remedial activities selected to accomplish a remedy. Examples of action-specific 
ARARs are the Resource Conservation and Recovery Act (RCRA) regulations for hazardous 
waste treatment, storage, and disposal. Action-specific ARARs for the proposed actions at the 
Site are summarized in Table 3-7. 

In addition to ARARs, to-be-considered (TBC) guidance and regulations are usually evaluated. 
The Richmond Bay Campus is a University-owned property, and as such, TBC guidelines such 
as local land use regulations, general plans, grading plans, zoning, and municipal ordinances do 
not apply. Work within UC’s mission performed on land owned or controlled by the UC Regents 
is exempt under the state constitution from compliance with local land use regulations.   
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4.0  ALTERNATIVES EVALUATION 

The RAW alternatives analysis process evaluates the alternatives identified in Section 3.3 for 
effectiveness, implementability, and cost using a rating scale of not effective, slightly effective, 
moderately effective, very effective, and highly effective. The three criteria are described in 
detail in Section 3.2.5. The soil alternatives are evaluated separately for each of the three 
geographic areas:  MFA, Corporation Yard, and remainder of the RES Area as shown below. 
PCB-impacted soil will be excavated and disposed of off-site in accordance with TSCA; 
therefore, the soil alternatives will not be evaluated for the PCB Areas. 

Alternative PCB Areas MFA Corporation 
Yard 

Remainder of 
RES Area 

S-1. No Action  √ √ √ 

S-2. Excavation to Unrestricted Use √* 
√ √ √ 

S-3. Excavation to Commercial Use, LUCs, 
and SMP  √ √ √ 

S-4. LUCs  √ √ √ 
S-5. Asphalt Cap, LUCs, and SMP  √   
* PCB remediation will follow TSCA requirements. 

The groundwater alternatives are evaluated for the Carbon Tetrachloride Area only. The TCE-
impacted area will be remediated under the former Zeneca Site Investigation and Remediation 
Order (IS/E-RAO 06/07-005); therefore, groundwater alternatives are not evaluated for the TCE-
impacted area. Alternatives were not evaluated for Site-wide groundwater beyond the Carbon 
Tetrachloride Area. The Site-wide groundwater will continue to be monitored under the on-going 
groundwater monitoring program (Tetra Tech 2012) as a part of the proposed remedy. 

Alternative 
Carbon 

Tetrachloride 
Area 

TCE-Impacted 
Groundwater 

Site-wide 
Groundwater 

GW-1. No Action √   
GW-2. PBR, LUCs, and Groundwater 

Monitoring 
√ 

  

GW-3. ISB, LUCs, and Groundwater 
Monitoring √   

GW-4. MNA and LUCs √   
Remediation under the former Zeneca Site 

Investigation and Remediation Order 
(IS/E-RAO 06/07-005) 

 √  

Continued Groundwater Monitoring and LUCs   √ 

4.1  CLEANUP OF PCB AREAS 

PCB remediation has not been delegated by the federal government to the states; therefore, the 
federal TSCA must be followed. In accordance with TSCA and specifically 40 CFR 761.61 
(a)(4)(i)(A), which defines cleanup levels for bulk PCB remediation waste, including soil, and 40 
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CFR 761.61(b), which describes performance-based disposal, PCB-impacted soil with total PCB 
concentrations greater than 1 mg/kg will be excavated and disposed of off-site at an appropriate 
waste landfill. Because TSCA is prescriptive, alternatives were not evaluated for PCB-impacted 
soil. Figure 4-1 shows the proposed PCB excavation areas. The cost estimate for remediating 
approximately 15 cubic yard of PCB-impacted soil is presented in Table 4-1. 

4.2  EVALUATION OF ALTERNATIVES FOR MFA 

The following subsections present the alternatives evaluation for the MFA. The primary risk 
driver at the MFA is mercury; the only other contaminants exceeding remedial goals include 
cinders-related metals arsenic and lead, which will be managed following the current cinder 
management protocols which do not require excavation, and PCBs, which will be addressed as 
part of the PCB Area cleanup, described in Section 4.1. 

4.2.1  MFA Alternative S-1 – No Action 

Under Alternative S-1, no action would be taken. Mercury contaminated soil would be left in 
place as is, without implementation of institutional controls, source containment, removal, 
treatment, or other mitigative measures. PCB-impacted soil with total PCB concentrations 
greater than 1 mg/kg will be excavated and disposed of off-site as a separate action and is not 
included in this MFA alternative.  

Effectiveness. The no-action alternative is not protective of human health and does not 
reduce the toxicity, mobility, or volume of contamination. Alternative S-1 is protective in 
the short term because ongoing site management practices do not allow for any exposures 
to soils beneath the current asphalt or gravel surface without UC oversight and worker 
protection measures. Alternative S-1 is not protective in the long-term because it does not 
provide any controls to prevent future exposure in the event of future soil disturbance, or 
reduce known elevated concentrations of mercury. Alternative S-1 is not effective. 

Implementability. No construction, operation, or resources would be required to 
implement Alternative S-1. Alternative S-1 is highly effective for the implementability 
criterion. 

Cost. No capital or O&M costs are associated with Alternative S-1 because no resources 
are required and no ECs, ICs, or actions would be undertaken. Alternative S-1 is highly 
effective with respect to the cost criterion. 

4.2.2  MFA Alternative S-2 – Excavation to Unrestricted Use 

Under Alternative S-2, cinders and soil concentrations greater than the unrestricted RBCs would 
be excavated from the MFA and disposed of off-site at an appropriately permitted landfill facility 
based on waste characterization sampling results. DTSC-approved clean soil currently stockpiled 
in the RES Area would be placed and compacted as backfill in each excavation. If additional 
backfill is required, DTSC-approved clean soil would be obtained from an off-site source. The 
areas proposed for excavation to unrestricted RBCs are shown in Figure 4-2; the area proposed 
for excavation was determined based on existing data, historic data, and knowledge of historical 
activities, such as former building footprint orientations and mercury fulminate production 
processes. Based on these proposed areas, it is estimated that approximately 14,300 cubic yards 
of soil would require excavation and disposal. PCB-impacted soil with total PCB concentrations 
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greater than 1 mg/kg will be excavated and disposed of off-site as a separate action and is not 
included in this MFA alternative.  

Effectiveness. Alternative S-2 is effective because soil containing chemicals at 
concentrations greater than unrestricted RBCs would be removed from the MFA and 
disposed of in an approved off-site landfill, thereby providing overall protectiveness in 
the event of future unrestricted exposure. Alternative S-2 would be implemented to 
meet ARARs. Alternative S-2 is effective in the long term because it does not require 
additional maintenance and monitoring to ensure its effectiveness and does not rely on 
LUCs to restrict future land use; however, in the short term, Alternative S-2 may cause 
negative impacts, including increased truck traffic through the surrounding community 
as excavated soil is transported off site. Another negative impact of implementing 
Alternative S-2 is that more soil than is necessary to meet the proposed future use will 
be excavated and disposed of, thereby unnecessarily occupying landfill space. Although 
this alternative does not involve treatment, Alternative S-2 would reduce contaminant 
volume at the MFA. Overall, Alternative S-2 is determined to be very effective for the 
MFA. 

Implementability. Alternative S-2 is implementable based on the ease and availability 
of obtaining the equipment and resources to conduct the alternative. Alternative S-2 is 
difficult to implement due to the potentially large volume of soil to be excavated and 
disposed. Implementability of Alternative S-2 is slightly effective for the MFA. 

Cost. Costs for excavating, characterizing, transporting, and disposing of soil with 
mercury concentrations greater than commercial worker RBCs, and backfilling of 
excavations with clean soil are estimated as $7,541,003, and may vary depending on 
the amount of soil that requires Class I or Class II disposal. MFA Alternative S-2 costs 
are shown in Table 4-2. No O&M costs are associated with Alternative S-2 because soil 
will be removed to unrestricted levels. The relative cost for Alternative S-2 is 
considered high, therefore Alternative S-2 is not effective under the cost criterion for 
the MFA.  

4.2.3  MFA Alternative S-3 – Excavation to Commercial Use, LUCs, and SMP 

Under Alternative S-3, soil with mercury concentrations associated with historical operations by 
the CCC that are greater than remedial goals would be excavated from the MFA and disposed of 
off-site at an appropriately permitted landfill facility based on waste characterization sampling 
results. DTSC-approved clean soil currently stockpiled in the RES Area would be placed and 
compacted as backfill in each excavation. The areas proposed for excavation are shown in 
Figure 4-3; the areas proposed for excavation were determined based on existing data, historic 
data, and knowledge of historical activities, such as former building footprint orientations and 
mercury fulminate production processes. Figure 4-4 shows a cross-section of the MFA, including 
the areas proposed for excavation. Based on these proposed areas, it is estimated that 
approximately 1,500 cubic yards of soil would require excavation and disposal. Cinders 
encountered within proposed excavation areas will be excavated and disposed of off-site. 
Cinders observed beyond the proposed excavation area boundaries will be managed in place, 
consistent with the current cinder management protocols.  
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Alternative S-3 includes LUCs prohibiting future residential development and requires 
implementation of a SMP. The SMP provides a framework to prohibit uncontrolled land 
excavation or disturbance activities which may expose workers or visitors to unknown or 
unidentified unsafe environmental contaminants. The SMP ensures that soils disturbed during 
future construction or redevelopment projects will be sampled and managed to ensure no 
uncontrolled exposures to unknown or unidentified contaminants within the MFA occur. The 
SMP also includes a cinders management plan. The SMP will be implemented for all future 
projects impacting subsurface soils. PCB-impacted soil with total PCB concentrations greater 
than 1 mg/kg remedial goal will be excavated and disposed of off-site as a separate action and is 
not included in this MFA alternative.  

Effectiveness. Alternative S-3 is effective because soil containing mercury greater than 
the remedial goals would be removed from the MFA and disposed of in an approved 
off-site landfill, thereby providing overall protectiveness by eliminating the potential 
for commercial workers exposure to unsafe concentrations of mercury in soil. 
Alternative S-3 would be implemented to meet ARARs. Although this alternative does 
not involve treatment, Alternative S-3 is effective in the long term because it would 
reduce contaminant volume at the MFA and LUCs and the SMP would manage residual 
risk effectively. Alternative S-3 is effective in the short term, because the excavation 
areas focus on source removal, resulting in smaller excavation volumes than proposed 
in Alternative S-2, thereby minimizing the impact to the surrounding community from 
disposal truck traffic and conserving landfill space by excavating only soil necessary to 
meet reuse standards. LUCs and the SMP will effectively mitigate potential exposure to 
any other contaminants, including cinders, during any future soil disturbance activities. 
Overall, Alternative S-3 is determined to be very effective for the MFA. 

Implementability. Alternative S-3 is implementable based on the ease and availability 
of obtaining the equipment and resources to conduct the alternative and implementing 
the LUCs and SMP. Alternative S-3 is implementable due to the moderate volume of 
soil to be excavated and disposed. LUCs and the SMP are easily implemented. 
Alternative S-3 is very implementable for the MFA. 

Cost. Costs for excavating, characterizing, transporting, and disposing of soil with 
concentrations greater than the remedial goals and backfilling of excavations are 
estimated as $1,158,152. MFA Alternative S-3 costs are shown in Table 4-3. O&M 
costs are associated with maintaining and monitoring the LUCs. Costs are not included 
for implementation of the SMP because of the speculative nature of implementing the 
SMP. The relative cost for Alternative S-3 is moderate; therefore, Alternative S-3 is 
moderately effective under the cost criterion for the MFA.  

4.2.4  MFA Alternative S-4 – LUCs 

Under Alternative S-4, LUCs would prohibit future residential development. LUCs would be 
implemented that restrict use of the MFA to prohibit activities that could result in human 
exposure to contaminated soil, groundwater, or vapors underlying the MFA. The existing fence 
and signs posted surrounding the MFA would remain in place and prevent direct exposure to soil 
containing mercury concentrations that exceed the remedial goal. The LUCs would be composed 
of the ICs summarized below.  
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(1) A deed restriction would be recorded to prohibit residential use consisting of a 
residence, mobile home, or factory-built housing constructed or installed for use as 
residential human habitation. In addition, certain commercial uses defined as 
“sensitive uses” will also be prohibited unless appropriate and approved engineering 
controls are implemented that are protective of the sensitive use receptors. Sensitive 
uses consist of (a) a hospital for humans, (b) a public or private school for persons 
less than 21 years of age, (c) a day care center for children, or (d) any permanently 
occupied habitation other than those used for industrial purposes.  

(2) A deed restriction would be recorded to prohibit groundwater extraction and 
beneficial use of groundwater, except for dewatering purposes during construction 
activities and extraction related to remediation. 

(3) A deed restriction would be recorded to require maintenance of existing fencing at the 
MFA.  

(4) 5-year reviews and reporting would be conducted to ensure the continued 
effectiveness of the ICs, specifically compliance with the deed restrictions. 

PCB-impacted soil with total PCB concentrations greater than 1 mg/kg remedial goal will be 
excavated and disposed of off-site as a separate action and is not included in this MFA 
alternative.  

Effectiveness. Alternative S-4 provides overall protectiveness by eliminating soil 
exposure pathways through existing fencing and deed restrictions. Alternative S-4 
would be implemented to meet ARARs. Alternative S-4 is effective in the long-term 
because exposure to chemicals is limited physically by existing fencing and asphalt and 
gravel ground cover and sensitive receptor use will be restricted through deed 
restrictions; however, Alternative S-4 may hinder future redevelopment because 
contamination left in place will need to be addressed at the time of redevelopment. 
Alternative S-4 is effective in the short term because ongoing site management 
practices do not allow for any exposures to soils beneath the current asphalt or gravel 
surface without UC oversight and worker protection measures and no Site disturbances 
would occur; therefore, Site workers and the community would not be impacted by 
implementation of this alternative. Alternative S-4 would not reduce contaminant 
toxicity, mobility, or volume through treatment. Alternative S-4 is moderately effective 
for the MFA. 

Implementability. Alternative S-4 is implementable based on the ease of establishing 
deed restrictions and maintaining fences. Alternative S-4 is highly implementable at the 
MFA. 

Cost. Costs for developing LUC documentation is estimated as $17,078. MFA 
Alternative S-4 costs are shown in Table 4-4. O&M costs are associated with 
maintaining and monitoring the LUCs. The relative cost for Alternative S-4 is low; 
therefore Alternative S-4 is very effective under the cost criterion for the MFA.  
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4.2.5  MFA Alternative S-5 – Asphalt Cap, LUCs, and SMP  

Under Alternative S-5, mercury concentrations in soil greater than the remedial goal would be 
covered with an asphalt cap. DTSC-approved clean fill currently stockpiled in the RES Area 
would be placed and compacted as subbase, as needed, across an area that encompasses the MFA 
excavation areas shown on Figure 4-3. The area proposed for capping, shown on Figure 4-5, was 
determined based on existing data, historic data, and knowledge of historical activities, such as 
former building footprint orientations and mercury fulminate production processes. Based on 
these proposed area to be capped, it is estimated that approximately 433 cubic yards of asphalt 
and 433 cubic yards of soil as sub-base would be required to cap the area. Alternative S-5 
includes LUCs prohibiting future sensitive receptor development. Alternative S-5 also includes 
implementation of a SMP. PCB-impacted soil with total PCB concentrations greater than the 1 
mg/kg remedial goal will be excavated and disposed of off-site as a separate action and is not 
included in this MFA alternative.  

Effectiveness. Alternative S-5 provides overall protection because soil containing 
mercury concentrations greater than the remedial goal would be capped, thereby 
eliminating the potential for commercial exposure to mercury in soil. Alternative S-5 
would be implemented to meet ARARs. Alternative S-5 is moderately effective in the 
long term because contaminants would be left in place and maintaining the integrity of 
the cap may limit potential redevelopment options; however capping and LUCs are 
considered reliable controls for residual risk. Alternative S-5 is effective in the short 
term, because the soil for capping subbase would be obtained from existing on-site soil 
stockpiles, thereby posing limited impact to the surrounding community from truck 
traffic; however, asphalt would need to be transported to the MFA. Alternative S-5 would 
not reduce contaminant toxicity, mobility, or volume through treatment. LUCs and 
implementation of the SMP effectively mitigate potential exposure to any other 
contaminants, including cinders, during any future soil disturbance activities. Overall, 
Alternative S-5 is moderately effective for the MFA. 

Implementability. Alternative S-5 is easily implementable based on the ease and 
availability of obtaining the equipment and resources to conduct the alternative and 
implementing the LUCs and SMP. Alternative S-5 is implementable from the 
perspective of the moderate volume of soil and asphalt required to create the cap and 
the on-site availability of soil as subbase material. LUCs are easily implemented. 
Alternative S-5 is very implementable at the MFA. 

Cost. Costs for capping are estimated as $238,651. Alternative S-5 costs are shown in 
Table 4-5. O&M costs are associated with maintaining and monitoring the cap and 
LUCs. Costs are not included for implementation of the SMP because of the 
speculative nature of implementing the SMP. The relative cost effectiveness for 
Alternative S-5 is moderate.  

4.3  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR MFA 

This section compares each of the five alternatives for the MFA presented individually in 
Section 4.2. The alternatives are compared against each other based on the three evaluation 
criteria (effectiveness, implementability, and cost) discussed in Section 3.2.5. This analysis 
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provides a comparison of the relative advantages and disadvantages of each alternative. 
Table 4-6 presents a comparative analysis summary for soil alternatives. 

4.3.1  Effectiveness 

Alternative S-2 provides the most overall protection because contaminants are removed and the 
Site would be available for unrestricted use. Alternative S-3 provides the second best level of 
protection because mercury at concentrations greater than commercial use levels would be 
removed by excavation. Alternatives S-4 and S-5 provide the third best overall level of 
protection by eliminating the exposure pathway by existing fencing and deed restrictions under 
Alternative S-4 and by capping under Alternative S-5. Alternative S-1, no action, would not 
actively change existing conditions at the MFA and would not provide overall protection or any 
significant long-term effectiveness or permanence.  

All alternatives can be implemented in a manner that allows compliance with ARARs, although 
ARARs are not applicable for Alternative S-1.  

For long-term effectiveness, Alternatives S-2 and S-3, excavation and off-site disposal, eliminate 
the exposure pathway by means of removing soil contaminated with mercury from the MFA, 
effectively reducing contaminant volume and lessening the potential for future exposure. Taking 
into consideration the planned future commercial use of the area, Alternative S-2 is excessive, 
whereas Alternative S-3 meets the requirements for the planned future use. Alternative S-4, 
LUCs, would maintain the MFA as is and would hinder future development because 
mercury-impacted soil would remain in place and would need to be addressed at the time of 
redevelopment. Alternative S-5, capping, effectively eliminates the exposure pathway by means 
of an asphalt barrier, but leaves contamination in place. The asphalt cap would be relatively 
impermeable and would therefore minimize infiltration to groundwater; however, because 
mercury does not appear to be mobile, it is unnecessary for protection of groundwater. 
Alternative S-5 would hinder future redevelopment activities as the cap would likely need to be 
breached during any soil disturbances in the area and mercury-impacted soil would need to be 
addressed at the time of redevelopment.  

In the short term, Alternatives S-1 and S-4 can be executed quickly and pose the least impact to 
the surrounding community, followed by Alternative S-5. Alternatives S-2 and S-3 would require 
the most time to implement and would pose the most impact to the surrounding community, with 
Alternative S-2 requiring the most time; therefore this alternative is the least effective with 
respect to the short-term effectiveness criterion. 

None of the alternatives reduce toxicity, mobility, or volume through treatment; however, 
Alternatives S-2 and S-3 would reduce contaminant volume at the MFA. 

Taking into consideration all of the components of the effectiveness criterion, Alternative S-3 is 
the most effective for the MFA because it eliminates the exposure pathway to the extent needed 
to meet the requirements of the future use without hindering future development, followed by 
Alternative S-5, Alternative S-2, Alternative S-4, and finally Alternative S-1. 
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4.3.2  Implementability 

Alternative S-1, no action, requires no construction, operation, or resources and is therefore the 
most implementable of the five alternatives for the MFA. After Alternative S-1, Alternative S-4, 
LUCs, is the next most easily implemented alternative. The remaining alternatives are equally 
technically feasible and administratively feasible. Alternative S-5, asphalt cap and Alternative 
S-3 are equally implementable, followed by Alternative S-2, due to the volume of soil to be 
excavated. Alternatives S-3 and S-2, excavation and disposal, are relatively implementable, both 
would involve construction equipment and trucking of materials; Alternative S-2 is more 
complex than Alternative S-3, based on soil volumes. 

4.3.3  Cost Effectiveness 

Alternative S-1, no action, is highly cost effective because it has no cost to implement. 
Alternative S-4 is very effective, Alternatives S-3 and S-5 are moderately effective, and 
Alternative S-2 is not cost effective because it is the most expensive to implement. Costs for 
each of the MFA alternatives are shown below.  

MFA Alternative S-1 S-2 S-3 S-4 S-5 
Cost $0 $7,541,003 $1,158,152 $17,078 $238,651 

4.3.4  Recommended Alternative for MFA 

Although Alternative S-4, LUCs, scores highest in the evaluation presented in Table 4-6, the 
recommended alternative for the MFA is Alternative S-3, excavation of mercury-impacted soil to 
the remedial goal and off-site disposal. The rationale for recommending Alternative S-3 is 
because it eliminates the exposure pathway to the extent needed to meet the requirements of the 
anticipated future use at the Site and will not hinder future development, and can be implemented 
in a reasonable amount of time at a reasonable cost. In addition, Alternative S-3 is recommended 
because of the ongoing commitment by UC to conduct source removal of elevated mercury 
concentrations at the MFA prior to redevelopment to meet commercial standards.  

MFA Alternatives S-1 S-2 S-3 S-4 S-5 
Effectiveness 1.8 4.2 4.6 3.6 4 
Implementability 5 2 4 5 4 
Cost 5 1 3 4 3 

Rating scale: 1 = not effective; 2 = slightly effective; 3 = moderately effective; 4 = very effective; 5 = highly effective. 

Alternative S-3 is the recommended alternative for the MFA. 

4.4  EVALUATION OF ALTERNATIVES FOR CORPORATION YARD 

The following subsections present the alternatives evaluation for the Corporation Yard. 
Figure 2-8 shows the areas within the Corporation Yard that exceed commercial worker RBCs, 
background levels, and the TSCA criterion. The primary risk drivers at the Corporation Yard are 
PCBs, BAP (EQ), and dioxins. Cinders-related metals, arsenic and lead, are also present in the 
Corporation Yard at concentrations exceeding remedial goals; however, they will be addressed 
under the current cinders management protocol which does not require excavation. No current 
exposure to chemicals in soil at concentrations above remedial goals exists at the Corporation 
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Yard because a majority of the area is covered in crushed gravel or pavement and disturbance of 
subsurface soils is prohibited at the Site without the explicit oversight of the UC Berkeley Office 
of Environmental Health and Safety (EH&S). The Corporation Yard borders the former Zeneca 
property; therefore, implementation of any of the Corporation Yard alternatives will be 
coordinated with the neighboring responsible parties to ensure there are no conflicts with the 
implementation of soil or groundwater remedies for either property. PCBs will be addressed as 
part of the PCB remediation, as discussed in Section 4.1 and have not been included in the 
following remedial alternatives proposed for the Corporation Yard. 

4.4.1  Corporation Yard Alternative S-1 – No Action 

Under Alternative S-1, no action would be taken. Contaminated soil would be left in place as is, 
without implementation of LUCs, source containment, removal, treatment, or other mitigative 
measures. PCB-impacted soil with total PCB concentrations greater than 1 mg/kg will be 
excavated and disposed of off-site as a separate action and is not included in this Corporation 
Yard alternative.  

Effectiveness. The no-action alternative is not protective of human health and does not 
reduce the toxicity, mobility, or volume of contamination. Alternative S-1 is protective in 
the short term because ongoing site management practices do not allow for exposures to 
soils beneath the current asphalt or gravel surface without UC oversight and worker 
protection measures. Alternative S-1 is not protective in the long term because it does not 
provide any controls to prevent future exposure in the event of future soil disturbance 
activities. Alternative S-1 is not effective. 

Implementability. No construction, operation, or resources would be required to 
implement Alternative S-1. Alternative S-1 is highly implementable. 

Cost. No capital or O&M costs are associated with Alternative S-1 because no resources 
are required and no ECs, ICs, or actions would be undertaken. Alternative S-1 is highly 
effective with respect to the cost criterion. 

4.4.2  Corporation Yard Alternative S-2 – Excavation to Unrestricted Use 

Under Alternative S-2, cinders and soil concentrations greater than the unrestricted RBCs would 
be excavated from the Corporation Yard and disposed of off-site at an appropriately permitted 
landfill facility based on waste characterization sampling results. DTSC-approved clean soil 
currently stockpiled in the RES Area would be placed and compacted as backfill in each 
excavation. An area proposed for excavation was estimated based on existing data, historic data, 
and knowledge of historical activities. It is estimated that approximately 37 cubic yards of soil 
from the Corporation Yard would require excavation and disposal. Figure 4-6 was developed to 
show the estimated excavation footprint for this alternative. PCB-impacted soil with total PCB 
concentrations greater than the 1 mg/kg remedial goal will be excavated and disposed of off-site 
as a separate action and is not included in this Corporation Yard alternative.  
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Effectiveness. Alternative S-2 is effective because cinders and soil containing chemicals 
at concentrations greater than unrestricted RBCs or background would be removed from 
the Corporation Yard and disposed of in an approved off-site landfill, thereby providing 
overall protectiveness in the event of future unrestricted exposure. Alternative S-2 would 
be implemented to comply with ARARs. Alternative S-2 is effective in the long-term 
because residual risk would be reduced; however, in the short term, Alternative S-2 may 
impact the surrounding community with the increase in disposal truck traffic in the area 
as well as occupying potentially unwarranted landfill space. Although this alternative 
does not involve treatment, Alternative S-2 would reduce contaminant volume at the 
Corporation Yard. Overall, Alternative S-2 is determined to be very effective for the 
Corporation Yard. 

Implementability. Alternative S-2 is implementable based on the ease and availability of 
obtaining the equipment and resources to conduct the alternative. Alternative S-2 is 
difficult to implement from the perspective of the potentially large volume of soil to be 
excavated and disposed. Implementability of Alternative S-2 is slightly effective at the 
Corporation Yard. 

Cost. Costs for excavating, characterizing, transporting, and disposing of soil with 
chemical concentrations greater than unrestricted RBCs, and backfilling of excavations 
with clean soil are estimated as $257,957, depending on the amount of soil that requires 
Class I or Class II disposal. Corporation Yard Alternative S-2 costs are shown in 
Table 4-7. No O&M costs are associated with Alternative S-2 because soil will be 
removed to unrestricted levels. Alternative S-2 is not cost effective.  

4.4.3  Corporation Yard Alternative S-3 – Excavation to Commercial Use, LUCs, and 
SMP 

Under Alternative S-3 for the Corporation Yard, chemical concentrations in soil greater than the 
remedial goals would be excavated and disposed of off-site at an appropriately permitted landfill 
facility based on waste characterization sampling results. DTSC-approved clean soil currently 
stockpiled in the RES Area would be placed and compacted in each excavation. The areas 
proposed for excavation are shown in Figure 4-7; the area proposed for excavation was 
determined based on existing data, historic data, and knowledge of historical activities. It is 
estimated that approximately 15 cubic yards of soil would require excavation and disposal. 
Cinders encountered within proposed excavation areas will be excavated and disposed of off-
site. Cinders - and cinder-related metals arsenic and lead at concentrations exceeding the 
remedial goals - observed beyond the proposed excavation area boundaries will be managed in 
place, consistent with the current cinder management protocols. Alternative S-3 includes LUCs 
prohibiting future sensitive receptor development and requires implementation of a SMP. The 
SMP provides a framework to prohibit uncontrolled land excavation or disturbance activities 
which may expose workers or visitors to unknown or unidentified unsafe environmental 
contaminants. The SMP ensures that soils disturbed during future construction or redevelopment 
projects will be sampled and managed to ensure no uncontrolled exposures to unknown or 
unidentified contaminants within the Corporation Yard occur. The SMP will be implemented for 
all future projects impacting subsurface soils. PCB-impacted soil with total PCB concentrations 
greater than the 1 mg/kg remedial goal will be excavated and disposed of off-site as a separate 
action and is not included in this Corporation Yard alternative.  
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Effectiveness. Alternative S-3 is effective because soil containing chemicals greater than 
remedial goals would be removed from the Corporation Yard and disposed of in an 
approved off-site landfill, thereby achieving overall protectiveness by eliminating the 
potential for commercial workers exposure to unsafe concentrations of chemicals in soil. 
Alternative S-3 would be implemented to comply with ARARs. Alternative S-3 is 
effective in the long term because it reduces residual risk and the LUCs provide reliable 
controls. Alternative S-3 is effective in the short term. Although this alternative does not 
involve treatment, Alternative S-3 would reduce contaminant volume at the Corporation 
Yard. Overall, Alternative S-3 is determined to be very effective for the Corporation 
Yard. 

Implementability. Alternative S-3 is implementable based on the ease and availability of 
obtaining the equipment and resources to conduct the alternative and implementing the 
LUCs and SMP. Alternative S-3 is implementable from the perspective of the volume of 
soil to be excavated and disposed. Overall, Alternative S-3 is very implementable at the 
Corporation Yard. 

Cost. Costs for excavating, characterizing, transporting, and disposing of soil with 
chemical concentrations greater than remedial goals, backfilling of excavations and 
implementing the SMP are estimated at $160,284. Corporation Yard Alternative S-3 
costs are shown in Table 4-8. O&M costs are associated with maintaining and monitoring 
the LUCs. Costs are not included for implementation of the SMP because of the 
speculative nature of implementing the SMP. The relative cost for Alternative S-3 is 
moderate.  

4.4.4  Corporation Yard Alternative S-4 – LUCs 

Under Alternative S-4, LUCs would prohibit future sensitive receptor development. No current 
exposure to chemicals in soil at concentrations above remedial goals exists at the Corporation 
Yard because a majority of the area is covered in crushed gravel or pavement and disturbance of 
subsurface soils is prohibited at the Site without the explicit oversight of EH&S; therefore, no 
signage or fencing is required at the Corporation Yard. PCB-impacted soil with total PCB 
concentrations greater than 1 mg/kg will be excavated and disposed of off-site as a separate 
action and is not included in this Corporation Yard alternative.  

Effectiveness. Alternative S-4 provides overall protectiveness by eliminating exposure 
pathways through deed restrictions. Alternative S-4 would be implemented to comply 
with ARARs. Alternative S-4 is effective in the long term because exposure to chemicals 
is limited by restricting sensitive receptor use; however, Alternative S-4 may hinder 
future redevelopment because contamination left in place will need to be addressed at the 
time of redevelopment. Alternative S-4 is effective in the short term because ongoing site 
management practices do not allow for exposures to soils beneath the current paved or 
gravel surface without UC oversight and worker protection measures. Alternative S-4 
would not reduce contaminant toxicity, mobility, or volume through treatment. Overall, 
Alternative S-4 is moderately effective for the Corporation Yard. 
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Implementability. Alternative S-4 is implementable based on the ease of establishing 
deed restrictions. Alternative S-4 is implementable from the perspective of limiting soil 
disturbance activities until necessary for redevelopment. Alternative S-4 is very 
implementable at the Corporation Yard. 

Cost. Costs for developing LUC documentation is estimated at $17,078. Corporation 
Yard Alternative S-4 costs are shown in Table 4-9. O&M costs are associated with 
maintaining and monitoring the LUCs. Alternative S-4 is very cost effective.  

4.5  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR CORPORATION YARD 

This section compares each of the four Corporation Yard alternatives presented individually in 
Section 4.4. The alternatives are compared against each other based on the three evaluation 
criteria (effectiveness, implementability, and cost) discussed in Section 3.2.5. This analysis 
provides a comparison of the relative advantages and disadvantages of each alternative. 
Table 4-6 presents a comparative analysis summary for soil alternatives. 

4.5.1  Effectiveness 

Alternative S-2 provides the most overall protection because contaminants are removed and the 
Corporation Yard would be available for unrestricted use. Alternative S-3 provides the second 
most protection because contaminants greater than remedial goals would be removed. 
Alternative S-4 provides overall protectiveness by eliminating exposure pathways through deed 
restrictions. Alternative S-1, no action, would not actively change existing conditions at the 
Corporation Yard and would not provide overall protection or any significant long-term 
effectiveness or permanence.  

All alternatives can be implemented in a manner that allows compliance with ARARs, although 
ARARs are not applicable for Alternative S-1.  

For long-term effectiveness, Alternatives S-2 and S-3, excavation and off-site disposal, eliminate 
the exposure pathway by means of removing soil contaminated with BAP (EQ) and dioxins, 
effectively reducing contaminant volume and lessening the potential for future exposure. Taking 
into consideration the planned future commercial use of the area, Alternative S-2 is excessive, 
whereas Alternative S-3 meets the requirements for the planned future use. Alternative S-4 is 
effective in the long term because exposure to chemicals is limited by restricting sensitive 
receptor use; however, Alternative S-4 may hinder future redevelopment because contamination 
left in place will need to be addressed at the time of redevelopment. Alternative S-1 does not 
provide any controls to prevent future exposure in the event of unauthorized future soil 
disturbance activities. 

In the short term, Alternatives S-1 and S-4 can be executed quickly and pose the least impact to 
the surrounding community. Alternatives S-2 and S-3 would require more time to implement and 
would pose the most impact to the surrounding community, with Alternative S-2 requiring the 
most time. 

None of the alternatives reduce toxicity, mobility, or volume through treatment; however, 
Alternatives S-2 and S-3 would reduce contaminant volume, by excavation and off-site disposal, 
at the Corporation Yard. 
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Taking into consideration all of the components of the effectiveness criterion, Alternative S-3 is 
the most effective for the Corporation Yard because it eliminates the exposure pathway to the 
extent needed to meet the requirements of the future use without hindering future development, 
followed by Alternative S-4, Alternative S-2, and finally Alternative S-1. 

4.5.2  Implementability 

Alternatives S-1, no action, and S-4, LUCs, require no construction, operation, or resources and 
are therefore the most implementable of the four alternatives for the Corporation Yard. After 
Alternative S-1 and Alternative S-4, Alternatives S-2 and S-3, excavation and disposal, are 
relatively equally implementable in that both would involve construction equipment and trucking 
of materials; however Alternative S-2 involves more soil excavation and time. 

4.5.3  Cost Effectiveness 

Alternative S-1, no action, is highly cost effective because it has no cost to implement. 
Alternative S-4 is very effective, Alternative S-3 is moderately effective, and Alternative S-2 is 
not cost effective because  it is the most expensive to implement. Costs for each of the 
Corporation Yard alternatives are shown below.  

Corporation Yard Alternative S-1 S-2 S-3 S-4 
Cost $0 $257,957 $160,284 $17,078 

4.5.4  Recommended Alternative for Corporation Yard 

Based on the evaluation presented in Sections 4.4 and 4.5 and summarized in Table 4-6, 
Alternative S-3 is the recommended alternative for the Corporation Yard because it is the most 
cost-effective alternative protective of human health consistent with the future use planned for 
this area.  

Corporation Yard 
Alternatives S-1 S-2 S-3 S-4 

Effectiveness 1.8 4.2 4.6 3.6 
Implementability 5 2 4 4 
Cost 5 1 3 4 

Rating scale: 1 = not effective; 2 = slightly effective; 3 = moderately effective; 4 = very effective; 5 = highly effective. 

4.6  EVALUATION OF ALTERNATIVES FOR REMAINDER OF RES AREA 

The following subsections present the alternatives evaluation for the remainder of the RES Area. 
Figure 2-8 shows sampling locations within the RES Area that exceed commercial worker RBCs, 
background levels, or the TSCA criterion. Insufficient data were available to conduct Step 2 of 
the HHRA; therefore, no chemicals have been identified as risk drivers. The results of Step 1 of 
the HHRA indicate that concentrations of arsenic, lead, mercury, BAP (EQ), total PCBs (and 
individual Aroclors-1248, -1254, and -1260), chlordane, iron, thallium, and dioxin TEQ exceed 
the commercial worker RBCs, background levels, or TSCA criterion in at least one sample 
collected in the RES Area. Chlordane and thallium are not considered RES Area-wide COCs 
because only one sample result for each compound exceeded the commercial worker RBC. 
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Likewise, iron is also not considered to be a RES Area-wide COC because it is considered an 
essential nutrient, and only two results exceeded the commercial worker RBC. Dioxin TEQ is 
not considered a RES Area-wide contaminant because there is only one likely source area in the 
Corporation Yard. It is anticipated that the contaminants of concern in the remainder of the RES 
Area will be similar to those found throughout the MFA and Corporation Yard and are likely to 
include mercury, cinders-related metals (arsenic and lead), PCBs, and PAHs. Cinders-related 
metals will be addressed under the cinders management protocols described in the SMP. 

Because of the speculative nature of implementing each of the soil alternatives at the Remainder 
of the RES Area, costs were not developed for the Remainder of the RES Area alternatives and 
the costs are discussed qualitatively. 

4.6.1  RES Alternative S-1 – No Action 

Under Alternative S-1, no action would be taken. Contaminated soil would be left in place as is, 
without implementation of LUCs, source containment, removal, treatment, or other mitigative 
measures. PCB-impacted soil with total PCB concentrations greater than 1 mg/kg will be 
excavated and disposed of off-site as a separate action and is not included in this RES Area 
alternative.  

Effectiveness. The no-action alternative is not protective of human health and does not 
reduce the toxicity, mobility, or volume of contamination. Alternative S-1 is protective in 
the short term because ongoing site management practices do not allow for any soil 
disturbance without EH&S oversight and worker protection measures. Alternative S-1 is 
not protective in the long term because it does not provide any controls to prevent future 
exposure in the event of future soil disturbance activities. Alternative S-1 is not effective. 

Implementability. No construction, operation, or resources would be required to 
implement Alternative S-1. Alternative S-1 is highly implementable. 

Cost. No capital or O&M costs are associated with Alternative S-1 because no resources 
are required and no ECs, ICs, or actions would be undertaken. Alternative S-1 is highly 
effective with respect to the cost criterion. 

4.6.2  RES Alternative S-2 – Excavation to Unrestricted Use 

Under Alternative S-2, cinders and soil concentrations greater than the unrestricted RBCs or 
background would be excavated from the remainder of the RES Area and disposed of off site at 
an appropriately permitted landfill facility based on waste characterization sampling results. 
DTSC-approved clean soil would be placed and compacted as backfill in each excavation. A 
figure was not developed to show the estimated excavation footprint for this alternative 
because of the unknown locations and plans for future construction projects. PCB-impacted soil 
with total PCB concentrations greater than the 1 mg/kg remedial will be excavated and disposed 
of off-site as a separate action and is not included in this RES Area alternative.  

Effectiveness. Alternative S-2 is effective because soil containing chemicals greater than 
unrestricted RBCs or background would be removed from the remainder of the RES Area 
and disposed of in an approved off-site landfill, thereby providing overall protectiveness 
in the event of future unrestricted exposure. Alternative S-2 would be implemented to 
comply with ARARs. Alternative S-2 is effective in the long term because residual risk 
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would be reduced; however, in the short term, Alternative S-2 may impact the 
surrounding community with the increase in disposal truck traffic in the area as well as 
occupying potentially unwarranted landfill space. Although this alternative does not 
involve treatment, Alternative S-2 would reduce contaminant volume at the remainder of 
the RES Area. Overall, Alternative S-2 is determined to be very effective for the 
remainder of the RES Area. 

Implementability. Alternative S-2 is implementable based on the ease and availability of 
obtaining the equipment and resources to conduct the alternative. Alternative S-2 is 
difficult to implement from the perspective of the potentially large volume of soil to be 
excavated and disposed. Alternative S-2 is slightly implementable. 

Cost. Costs for excavating, characterizing, transporting, and disposing of soil with 
chemical concentrations greater than unrestricted RBCs, and backfilling of excavations 
are anticipated to be extremely high. No O&M costs are associated with Alternative S-2 
because soil will be removed to unrestricted levels. Alternative S-2 is not cost effective.  

4.6.3  RES Alternative S-3 – Excavation to Commercial Use, LUCs, and SMP 

Under Alternative S-3 for the remainder of the RES Area, chemical concentrations in soil 
greater than the remedial goals would be excavated and disposed of off-site at an appropriately 
permitted landfill facility based on waste characterization sampling results. DTSC-approved 
clean soil would be placed and compacted in each excavation. These activities would only be 
conducted in the event of future soil disturbance or construction project, consistent with the 
SMP, remedial goals, and Category I and II screening criteria described in Section 3.0  

A figure was not developed to show the estimated excavation footprint for this alternative 
because of the unknown locations and plans for future construction projects. Alternative S-3 
includes LUCs prohibiting future residential development and requires implementation of a 
SMP to meet the commercial reuse goals. PCB-impacted soil with total PCB concentrations 
greater than the 1 mg/kg remedial goal will be excavated and disposed of off-site as a separate 
action and is not included in this RES Area alternative.  

Effectiveness. Alternative S-3 is effective because soil containing chemicals greater 
than remedial goals would be removed from the remainder of the RES Area and 
disposed of in an approved off-site landfill, thereby overall providing protectiveness by 
eliminating the potential for commercial workers exposure to unsafe concentrations of 
chemicals in soil. Alternative S-3 would be implemented to comply with ARARs. 
Alternative S-3 is effective in the long-term because it reduces residual risk and the 
LUCs are reliable controls; however, in the short term, increased truck traffic may 
impact the surrounding community. Although this alternative does not involve 
treatment, Alternative S-3 would reduce contaminant volume at the remainder of the 
RES Area. Overall, Alternative S-3 is determined to be very effective for the remainder 
of the RES Area. 

Implementability. Alternative S-3 is implementable based on the ease and availability of 
obtaining the equipment and resources to conduct the alternative and implementing the 
LUCs. Alternative S-3 is implementable from the perspective of the volume of soil to be 
excavated and disposed; however, implementation may be less efficient since not 
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coordinated with proposed redevelopment. Overall, Alternative S-3 is very 
implementable at the remainder of the RES Area. 

Cost. Costs for excavating, characterizing, transporting, and disposing of soil in 
accordance with the SMP are anticipated to be moderate. O&M costs are associated with 
maintaining and monitoring the LUCs. Alternative S-3 is moderately cost effective. 

4.6.4  RES Alternative S-4 – LUCs 

Under Alternative S-4, LUCs would prohibit future residential development. PCB-impacted soil 
with total PCB concentrations greater than the 1 mg/kg remedial goal will be excavated and 
disposed of off-site as a separate action and is not included in this RES Area alternative.  

Effectiveness. Alternative S-4 provides overall protectiveness by eliminating exposure 
pathways through deed restrictions. Alternative S-4 would be implemented to comply with 
ARARs. Alternative S-4 is effective in the long term because exposure to chemicals is 
limited by restricting residential development; however, Alternative S-4 may hinder future 
redevelopment because contamination left in place will need to be addressed at the time 
of redevelopment. Alternative S-4 is effective in the short term because ongoing site 
management practices do not allow for soil disturbance without EH&S oversight and 
worker protection measures. Alternative S-4 would not reduce contaminant toxicity, 
mobility, or volume through treatment. Overall, Alternative S-4 is moderately effective for 
the remainder of the RES Area. 

Implementability. Alternative S-4 is implementable based on the ease of establishing 
deed restrictions. Alternative S-4 is implementable from the perspective of limiting soil 
disturbance activities until necessary for redevelopment. Alternative S-4 is very 
implementable at the remainder of the RES Area. 

Cost. Costs for developing LUC documentation are estimated to be low. O&M costs are 
associated with maintaining and monitoring the LUCs. Alternative S-4 is very cost 
effective. 

4.7  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR REMAINDER OF RES AREA 

This section compares each of the four RES Area alternatives presented individually in 
Section 4.6. The alternatives are compared against each other based on the three evaluation 
criteria discussed in Section 3.2.5. This analysis provides a comparison of the relative advantages 
and disadvantages of each alternative. Table 4-6 presents a comparative analysis summary for 
soil alternatives. 

4.7.1  Effectiveness 

Alternative S-2 provides the most overall protection because contaminants are removed and all 
areas would be available for unrestricted use. Alternative S-3 provides the second most 
protection because contaminants greater than commercial use levels would be removed or 
eliminated from future commercial exposure. Alternative S-4 provides overall protectiveness by 
eliminating exposure pathways through deed restrictions. Alternative S-1, no action, would not 
actively change existing conditions at the remainder of the RES Area and would not provide 
overall protection or any significant long-term effectiveness or permanence.  
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All alternatives can be implemented in a manner that allows compliance with ARARs, although 
ARARs are not applicable for Alternative S-1.  

For long-term effectiveness, Alternatives S-2 and S-3, excavation and off-site disposal, eliminate 
the exposure pathway by means of removing soil contaminated with chemicals that exceed 
remedial goals, effectively reducing contaminant volume and lessening the potential for future 
exposure. Taking into consideration the planned future commercial use of the area, Alternative 
S-2 is excessive, whereas Alternative S-3 meets the requirements for the planned future use. 
Alternative S-4 is effective in the long term because exposure to chemicals is limited by 
restricting sensitive receptor use; however, it may hinder future redevelopment because 
contamination left in place will need to be addressed at the time of redevelopment Alternative 
S-1 does not provide any controls to prevent future exposure in the event of unauthorized future 
soil disturbance activities.  

In the short term, Alternatives S-1 and S-4 can be executed quickly and pose the least impact to 
the surrounding community. Alternatives S-2 and S-3 would require the most time to implement 
and would pose the most impact to the surrounding community, with Alternative S-2 requiring 
the most time. 

None of the alternatives reduce toxicity, mobility, or volume through treatment; however, 
Alternatives S-2 and S-3 would reduce contaminant volume, by excavation and off-site disposal. 

Taking into consideration all of the components of the effectiveness criterion, Alternative S-3 is 
the most effective for the remainder of the RES Area because it eliminates the exposure pathway 
to the extent needed to meet the requirements of the future use without hindering future 
development, followed by Alternative S-4, Alternative S-2, and finally Alternative S-1. 

4.7.2  Implementability 

Alternatives S-1, no action, and S-4, LUCs, require no construction, operation, or resources and 
are therefore the most implementable of the four alternatives for the remainder of the RES Area. 
After Alternatives S-1 and S-4, Alternatives S-2 and S-3, excavation and disposal, are relatively 
equally implementable in that both would involve construction equipment and trucking of 
materials; however Alternative S-2 involves significantly more soil excavation and time. 

4.7.3  Cost Effectiveness 

Alternative S-1, no action, is highly cost effective because it has no cost to implement. 
Alternative S-4 is very effective, Alternatives S-3 is moderately effective, and Alternative S-2 is 
not cost effective because  it is the most expensive to implement. Qualitative costs for each of the 
remainder of the RES Area alternatives are shown below.  

RES Alternative S-1 S-2 S-3 S-4 

Cost No cost Extremely 
High 

Moderately 
High 

Moderately 
Low 

4.7.4  Recommended Alternative for Remainder of RES Area 

Based on the evaluation presented in Sections 4.6 and 4.7 and summarized in Table 4-6, 
Alternative S-3 is the recommended alternative for the remainder of the RES Area because it 
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ranks the highest in comparison to the other alternatives in protectiveness of human health 
consistent with the future use planned for this area. 

Remainder of RES Area S-1 S-2 S-3 S-4 
Effectiveness 1.8 4.2 4.6 3.6 
Implementability 5 2 4 4 
Cost 5 1 3 4 

Rating scale: 1 = not effective; 2 = slightly effective; 3 = moderately effective; 4 = very effective; 5 = highly effective. 

4.8  EVALUATION OF ALTERNATIVES FOR CARBON TETRACHLORIDE AREA 

Figure 2-9 shows the groundwater areas that exceed the remedial goal of commercial VI RBCs; 
vapor intrusion has been identified as the primary pathway of concern. The groundwater risk 
drivers are carbon tetrachloride and TCE. The remedy for contaminants in groundwater 
originating from the former Zeneca Site, including TCE, is subject to the former Zeneca Site 
Investigation and Remediation Order (IS/E-RAO 06/07-005). Groundwater with contaminants 
originating from the former Zeneca Site is not subject to this RAW.  

The following subsections present the alternatives evaluation for the Carbon Tetrachloride Area. 
The Carbon Tetrachloride Area is predominantly within the NOS Area, which has been 
identified as a natural area that UC plans to protect from development and maintain in its natural 
condition. Future construction of buildings over the plume will not occur within the NOS Area. 
Groundwater flows from northeast to southwest in the vicinity of the Carbon Tetrachloride Area. 
Current groundwater concentrations of carbon tetrachloride and its degradation daughter 
products (chloroform, dichloromethane, and chloromethane) in the RES Area downgradient of 
the Carbon Tetrachloride Area are below VI RBCs, and therefore, do not pose a current risk. 
Building 280B, located cross-gradient of the Carbon Tetrachloride Area, is an abandoned 
building with no current or planned future tenants. The alternatives evaluated in the following 
subsections address the potential future vapor intrusion pathway for existing Building 280A and 
potential future construction in the RES Area downgradient of the Carbon Tetrachloride Area. 
The identification of contaminant soil source for the impacted groundwater will be addressed as 
a part of the NOS Area investigation during Phase IV field activities. 

4.8.1  Alternative GW-1 – No Action 

Under Alternative GW-1, no action would occur at the Carbon Tetrachloride Area near Building 
280B. No effort would be undertaken to contain, remove, monitor, or treat groundwater in the 
area. 

Effectiveness. Existing conditions are considered protective of human health and the 
environment under current land use at the Carbon Tetrachloride Area. Alternative GW-1 
would be moderately effective in the short term because no complete exposure pathway 
exists. Alternative GW-1 has moderate effectiveness in the long term because carbon 
tetrachloride is likely to naturally degrade and attenuate; however, it does not include any 
controls to prevent exposure of potential future receptors should the plume migrate to 
developed areas and an exposure pathway be completed. Although carbon tetrachloride 
will naturally degrade, under Alternative GW-1, carbon tetrachloride would not be 
treated or monitored and the toxicity, mobility, and volume would not be reduced by 
treatment. Alternative GW-1 is determined to have moderate effectiveness. 
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Implementability. No construction, operation, or resources would be required to 
implement Alternative GW-1. Alternative GW-1 is highly implementable. 

Cost. No capital or O&M costs are associated with Alternative GW-1 because no 
resources are required and no ECs, ICs, or actions would be undertaken. Alternative 
GW-1 is highly effective with respect to the cost criterion. 

4.8.2  Alternative GW-2 – PRB, LUC, and Groundwater Monitoring 

Existing conditions are considered protective of human health and the environment under 
current land use at the Carbon Tetrachloride Area. No complete exposure pathways currently 
exist. Alternative GW-2 would be implemented to protect against potential future completed 
exposure pathways, should the plume migrate from the NOS Area to the RES Area. Alternative 
GW-2 consists of two retained GRAs:  (1) active groundwater remediation using ZVI in a PRB 
and (2) LUCs, including groundwater monitoring. A funnel and gate PRB would be designed 
to treat carbon tetrachloride in groundwater as the groundwater moves through the PRB. A 
120-foot PRB would be installed between two sets of 100-foot sheet-piling funnel. The PRB is 
estimated to be a 2-foot-thick treatment zone consisting of ZVI. Pilot or treatability studies, 
including soil sampling, would be conducted to ensure proper design parameters and confirm 
radius of impacted groundwater prior to implementation of the final remedy. LUCs would 
consist of a deed restriction and 5-year reporting. A deed restriction would be recorded to (1) 
prohibit use of groundwater; and (2) prohibit groundwater extraction, except for dewatering 
and/or treatment purposes (extracted groundwater must be handled in accordance with all laws 
and as described in the treatment plan or SMP). Five-year reviews and reporting would be 
conducted to ensure the continued effectiveness of the LUCs, specifically compliance with the 
deed restriction. Alternative GW-2 would also include 5 years of annual groundwater 
performance monitoring to evaluate whether the PRB was effectively reducing carbon 
tetrachloride and its degradation daughter product concentrations to below the commercial 
vapor intrusion RBCs. Figure 4-8 shows a schematic of the proposed Alternative GW-2 
treatment PRB.  

Effectiveness. Alternative GW-2 would provide overall protectiveness by reducing 
carbon tetrachloride concentrations in groundwater. Alternative GW-2 would be 
implemented to comply with ARARs. Because the PRB would permanently reduce the 
mass of carbon tetrachloride in groundwater, Alternative GW-2 would be effective in the 
long term by reducing toxicity and volume through treatment. In the short term, 
installation of the PRB system may be detrimental to the Coastal Terrace Prairie, part of 
the NOS Area slated for protection as natural area. Overall, Alternative GW-2 is rated 
very effective.  

Implementability. The PRB system, consisting of sheet pile “funnels” and ZVI “slurry 
wall” is technically and administratively feasible. The PRB system would be standard 
construction, and materials and labor are readily available. Underground utilities, 
specifically along Starling Way, that may traverse the PRB system may make the PRB 
installation practically infeasible. In addition, potential damage to the Coastal Terrace 
Prairie during installation of the PRB system may make the PRB installation practically 
infeasible. Alternative GW-2 is moderately implementable. 
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Cost. Costs include materials and labor for installing the funnel and gate PRB and initial 
treatability testing. Alternative GW-2 costs are shown in Table 4-10. O&M costs are 
associated with maintaining and monitoring the LUCs and groundwater monitoring. The 
estimated cost for alternative GW-2 is $1,232,913. Alternative GW-2 is not cost 
effective.  

4.8.3  Alternative GW-3 – ISB, LUCs, and Groundwater Monitoring 

Existing conditions are considered protective of human health and the environment under current 
land use at the Carbon Tetrachloride Area. No completed exposure pathways currently exist. 
Alternative GW-3 would be implemented to protect against potential future completed exposure 
pathways, should the plume migrate from the NOS Area to the RES Area. Alternative GW-3 
consists of two retained GRAs:  (1) active groundwater remediation using enhanced ISB in a 
well network and (2) LUCs, including groundwater monitoring. The ISB treatment system would 
consist of 15 to 25 injection point wells that would be installed within the carbon tetrachloride 
plume near piezometer CTP to inject a chemical substrate to anaerobically enhance 
biodegradation of carbon tetrachloride in groundwater. The estimated well layout, shown in 
Figure 4-9, would consist of 2-inch-diameter injection point wells installed in two parallel rows 
of seven wells each. One 2-inch injection point well would be installed at each of the grab 
groundwater locations where carbon tetrachloride was detected. One round of injection is 
assumed to be adequate. Pilot or treatability studies, including soil sampling, would be conducted 
to ensure proper design parameters including identifying the most effective chemical substrate 
and to confirm the radius of impacted groundwater prior to implementation of a final remedy. 
LUCs would consist of a deed restriction and 5-year reporting. A deed restriction would be 
recorded to (1) prohibit use of groundwater; and (2) prohibit groundwater extraction, except for 
treatment purposes (extracted groundwater must be handled in accordance with all laws and as 
described in the treatment plan or SMP). Five-year reviews and reporting would be conducted to 
ensure the continued effectiveness of the LUCs, specifically compliance with the deed 
restriction. Alternative GW-3 would also include 5 years of annual groundwater performance 
monitoring to evaluate whether the ISB system was reducing carbon tetrachloride and its 
degradation daughter product concentrations to less than the commercial vapor intrusion RBCs.  

Effectiveness. Alternative GW-3 would provide overall protection by reducing carbon 
tetrachloride concentrations in groundwater, targeting carbon tetrachloride detections. 
Alternative GW-3 would be implemented to comply with ARARs. Because the ISB well 
network would permanently reduce the mass of carbon tetrachloride in groundwater, 
Alternative GW-3 would be effective in the long term and in reducing toxicity and 
volume through treatment. In the short term, installation of the ISB well network system 
is minimally disruptive to the Coastal Terrace Prairie. Overall, Alternative GW-3 is rated 
very effective. 

Implementability. Wells installed in the Carbon Tetrachloride Area would be standard 
construction, and materials and labor are readily available. Other materials such as lactic 
acid, sodium lactate, or Hydrogen Release Compound for biostimulation are also widely 
used and available. Alternative GW-3 is very implementable. 
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Cost. Costs include materials and labor for installing the ISB well network and initial 
treatability testing. Alternative GW-3 costs are shown in Table 4-11. O&M costs are 
associated with maintaining and monitoring the LUCs and groundwater monitoring. The 
estimated cost for alternative GW-3 is $380,507. The relative cost for Alternative GW-3 
is moderate.  

4.8.4  Alternative GW-4 – MNA and LUCs 

Existing conditions are considered protective of human health and the environment under current 
land use at the Carbon Tetrachloride Area. No complete exposure pathways currently exist 
because no structures exist within the NOS Area. Alternative GW-4 would be implemented to 
protect against potential future completed exposure pathways, should the plume migrate from 
the NOS Area to the RES Area. Groundwater data for the Carbon Tetrachloride Area indicate 
that carbon tetrachloride has been detected in piezometer CTP at concentrations greater than the 
remedial goal of 2.63 ug/L; chloroform, a degradation daughter product, has been detected at 
concentrations below the remedial goal of 25.5 ug/L; and dichloromethane and chloromethane, 
the next degradation daughter products, have not been detected above detection limits. 
Groundwater data, collected since 2010, show a slight decreasing trend in concentrations of 
carbon tetrachloride and its daughter product, chloroform. Existing geochemical data indicate 
that various MNA parameters, such as DO, pH, and ORP, are within the range that is conducive 
to natural attenuation of carbon tetrachloride. Table 3-6 presents groundwater data for the 
Carbon Tetrachloride Area with a comparison to typical MNA parameter values, showing that 
MNA is a viable alternative for the Carbon Tetrachloride Area.  

Alternative GW-4 would consist of installing approximately 6 piezometers in an array 
surrounding piezometer CTP, as shown on Figure 4-10, to better define the carbon tetrachloride 
plume characteristics. Soil samples, to identify a potential contaminant soil source for the 
impacted groundwater, would be collected during piezometer installation. Alternative GW-4 
includes 1 year of quarterly groundwater performance monitoring and 4 years of annual 
groundwater performance monitoring, with samples analyzed for MNA parameters, carbon 
tetrachloride concentration, and degradation daughter product concentrations.  

After the first year of quarterly monitoring, the effectiveness of MNA will be evaluated based on 
a weight-of-evidence approach consisting of the following factors: 

• Changes in chemical concentrations of carbon tetrachloride and its degradation products 

• Changes in wells with detected concentrations 

• Changes in groundwater gradient magnitude or direction 

• Chemical parameters including: dissolved oxygen, ORP, pH, nitrate, sulfate, sulfide, iron 
(II), methane, total organic carbon, temperature, carbon dioxide, alkalinity, chloride, and 
hydrogen  

These factors will be used to evaluate whether the estimated chemical plume boundaries have 
expanded, contracted, or stabilized over time; and to determine at what frequency groundwater 
monitoring should continue. In the event that the factors indicate that plume concentrations are 
increasing or that the plume boundaries are expanding, then Alternative GW-4 would include 
assessment for implementation of Alternative GW-2 or GW-3 as contingency measures.  
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LUCs would consist of a deed restriction and 5-year reporting. A deed restriction would be 
recorded to (1) prohibit use of groundwater; and (2) prohibit groundwater extraction, except for 
dewatering and/or treatment purposes (extracted groundwater must be handled in accordance 
with all laws and as described in the treatment plan or SMP). Five-year reviews and reporting 
would be conducted to ensure the continued effectiveness of the LUCs, specifically compliance 
with the deed restriction.  

Effectiveness. Alternative GW-4 is protective of human health because no current 
exposure pathway exists and carbon tetrachloride concentrations in groundwater are 
expected to naturally decline. Alternative GW-4 would be implemented to comply with 
ARARs. In the long term, Alternative GW-4 is likely to be effective and it includes 
controls to identify potential exposure of future receptors should the downgradient RES 
Area be developed and an exposure pathway be completed. Alternative GW-4 is effective 
in the short term because MNA is not invasive and allows nature to degrade the carbon 
tetrachloride, thereby permanently reducing the mass of carbon tetrachloride in 
groundwater. Overall, Alternative GW-4 is rated very effective. 

Implementability. Alternative GW-4 is technically and administratively implementable. 
Monitoring wells installed in the Carbon Tetrachloride Area would be standard 
construction, and materials and labor are readily available. Alternative GW-4 is highly 
implementable. 

Cost. Costs include materials and labor for installing the MNA monitoring well network. 
Alternative GW-4 costs are shown in Table 4-12. O&M costs are associated with 
maintaining and monitoring the LUCs and groundwater monitoring. The estimated cost 
for alternative GW-4 is $336,244. Alternative GW-4 is very cost effective.  

4.9  COMPARATIVE ANALYSIS OF ALTERNATIVES FOR CARBON TETRACHLORIDE AREA 

This section compares each of the four groundwater alternatives presented individually in 
Section 4.8. The alternatives are compared against each other based on the three evaluation 
criteria discussed in Section 3.2.5. This analysis provides a comparison of the relative advantages 
and disadvantages of each alternative. Table 4-13 presents a comparative analysis summary for 
groundwater alternatives. 

4.9.1  Effectiveness 

Existing conditions are considered protective of human health and the environment under current 
land use at the Carbon Tetrachloride Area. No complete exposure pathways currently exist; 
therefore, each of the alternatives is equally protective of human health and the environment. In 
addition, each of the alternatives will reduce the carbon tetrachloride concentrations in 
groundwater over time.  

All alternatives can be implemented in a manner that allows compliance with ARARs, although 
ARARs are not applicable for Alternative GW-1.  

Alternatives GW-2, GW-3, and GW-4 are equally effective in the long-term because each of the 
three alternatives is likely to have similar residual risk in terms of remaining carbon tetrachloride 
concentrations in groundwater and similarly adequate and reliable release controls (monitoring). 
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Alternative GW-1 is least effective in the long-term because it does not include release controls 
or a means to monitor residual risk.  

In the short term, Alternative GW-1 is moderately effective because it does not involve any 
impacts to workers or the environment during implementation, and it can be executed quickly. 
However, because no monitoring will occur, there could be unknown impacts associated with 
changes in groundwater concentrations associated with the known carbon tetrachloride 
concentrations. Alternative GW-4 is the next most effective in the short term because impacts 
during construction and implementation of the alternative are limited to well installation and 
sampling. Alternative GW-3 is the third most effective in the short term, as impacts include 
similar impacts as Alternative GW-4. Alternative GW-2 is the least effective in the short term 
because installation of the PRB will have the most negative impact on the Coastal Terrace 
Prairie. Alternatives GW-2, GW-3, and GW-4 will take similar amounts of time to implement.  

Alternatives GW-2, GW-3, and GW-4 all reduce toxicity, mobility, or volume through treatment; 
however, Alternatives GW-2 and GW-3 would likely effect change more quickly. Alternative 
GW-1 does not include treatment; however, natural attenuation will occur but will not be 
monitored. 

Taking into consideration all of the components of the effectiveness criterion, Alternative GW-4 
is the most effective for the Carbon Tetrachloride Area because it allows natural processes to 
reduce carbon tetrachloride concentrations with minimal impact to the Coastal Terrace Prairie, 
followed by Alternative GW-1, Alternative GW-3, and finally Alternative GW-2.  

4.9.2  Implementability 

Alternative GW-1, no action, requires no construction, operation, or resources and is therefore 
the most implementable of the four alternatives for the Carbon Tetrachloride Area. Alternative 
GW-4 is the next most implementable, followed by Alternatives GW-3 and GW-2. Alternative 
GW-3 is more technically feasible than Alternative GW-2 because installation causes a lesser 
disruption to the surrounding area, including the Coastal Terrace Prairie. 

4.9.3  Cost Effectiveness 

Alternative GW-1, no action, is highly cost effective because it has no cost to implement. 
Alternative GW-4 is very effective,  Alternative GW-3 is moderately effective, and Alternative 
GW-2 is not cost effective because it is the most expensive to implement. Costs for each of the 
Carbon Tetrachloride Area alternatives are shown below.  

Alternative GW-1 GW-2 GW-3 GW-4 
Cost $0 $1,232,913 $380,507 $336,244 

4.9.4  Recommended Alternative for Carbon Tetrachloride Area 

Alternative GW-4 scores the highest based on the evaluation presented in Sections 4.8 and 4.9 
and summarized in Table 4-13 and is the recommended alternative for the Carbon Tetrachloride 
Area because of active monitoring and evaluation of site conditions, use of natural degradation 
processes, and minimal impact to the Coastal Terrace Prairie. In addition, Alternative GW-4 
includes a weight-of-evidence approach for determining whether the potential risk posed by the 
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Carbon Tetrachloride Area has been reduced and includes active remedial contingency measures 
in the event it is not successful.  

Carbon Tetrachloride 
Alternatives GW-1 GW-2 GW-3 GW-4 

Effectiveness 3 4 4.2 4.4 
Implementability 5 3 4 5 
Cost 5 1 3 4 

Rating scale: 1 = not effective; 2 = slightly effective; 3 = moderately effective; 4 = very effective; 5 = highly effective. 

4.10  CLEANUP OF TCE-IMPACTED AREAS 

Because contaminants in groundwater originating from the former Zeneca Site, including TCE 
and its breakdown components, are subject to the former Zeneca Site Investigation and 
Remediation Order (IS/E-RAO 06/07-005), alternatives were not evaluated. Figure 2-9 shows 
the groundwater sampling locations with contaminant concentrations exceeding the remedial 
goal. The remediation of TCE-impacted groundwater will meet the groundwater RAOs 
developed in this RAW. 

4.11  SITE-WIDE GROUNDWATER  

Although analyte concentrations in groundwater outside of the Carbon Tetrachloride Area and 
TCE-impacted area do not exceed commercial VI RBCs, the remainder of groundwater at the 
Site will continue to be monitored under the on-going groundwater monitoring program (Tetra 
Tech 2012) and be included within the recommended remedy. Because concentrations are below 
the RAOs for the site, alternatives were not evaluated. The cost estimate for continuing the Site-
wide groundwater monitoring plan is presented in Table 4-14. 

4.12  OVERALL RECOMMENDED ALTERNATIVES  

Sections 4.1 through 4.11 presented the individual and comparative analyses of alternatives for 
the PCB Areas, MFA, Corporation Yard, remainder of the RES Area, the Carbon Tetrachloride 
Area, TCE-impacted groundwater, and Site-wide groundwater. Based on the analyses presented 
in Sections 4.1 through 4.11, Table 4-6, and Table 4-13, the table below summarizes the 
recommended alternatives.  

Area Recommended Alternative 

PCB Areas Excavation to TSCA Self-Implementing Standards: High 
Occupancy, No Conditions, Off-Site Disposal 

MFA Alternative S-3: Excavation to Commercial Use, Off-Site 
Disposal, LUCs, and Implementation of SMP 

Corporation Yard Alternative S-3: Excavation to Commercial Use, Off-Site 
Disposal, LUCs, and Implementation of SMP 

Remaining RES Area Alternative S-3: Excavation to Commercial Use, Off-Site 
Disposal, LUCs, and Implementation of SMP 

Carbon Tetrachloride Area Alternative GW-4: Monitored Natural Attenuation and 
LUCs 

TCE-Impacted 
Groundwater 

Remediation under the former Zeneca Site Investigation 
and Remediation Order (IS/E-RAO 06/07-005) 

Site-Wide Groundwater Continued Monitoring and LUCs 
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5.0  REMOVAL ACTION IMPLEMENTATION 

This section describes each of the components of the recommended alternatives for the RES 
Area and site-wide groundwater. An overview of the recommended alternatives is presented 
below.  

Soil Remedy  
• Excavation of PCB–impacted soils at the Building 112 and Building 150 Transformer 

Areas and three areas within the Corporation Yard with total PCB concentrations 
exceeding the TSCA high occupancy without further conditions threshold (1 mg/kg) 
remedial goal, as shown on Figure 4-1. 

• Excavation of mercury-impacted soil at the MFA with concentrations exceeding the 
remedial goal (275 mg/kg), as shown on Figure 4-3. 

• Excavation of BAP(EQ)-impacted soil with concentrations exceeding the remedial goal 
(0.4 mg/kg) and dioxin-impacted soil with concentrations greater than the remedial goal 
(1.64E-05 mg/kg) at the Corporation Yard, as shown on Figure 4-7. 

• Management of cinders encountered during soil excavations. 

• Implementation of site-wide LUCs consisting of deed restrictions identifying the 
future use of the Site as commercial only, and mandating that future site soil 
disturbance or soil movement be conducted under the SMP. 

• Implementation of the SMP which provides a framework for excavation and soil 
management, in conjunction with redevelopment or construction projects for chemicals in 
soil exceeding Category I or II screening level remedial goals within the RES Area. 

Groundwater Remedy 
• Monitoring natural attenuation of groundwater with carbon tetrachloride 

concentrations exceeding the remedial goal (2.63 ug/L) at the western edge of the 
Coastal Terrace Prairie. 

• Continuing groundwater monitoring at the Former RFS Site. 

• Treatment and monitoring of contaminants in groundwater originating from the former 
Zeneca Site, including TCE and its breakdown components, under the former Zeneca Site 
Investigation and Remediation Order (IS/E-RAO 06/07-005). 

• Implementation of site-wide LUCs consisting of deed restrictions prohibiting 
groundwater extraction for purposes other than groundwater monitoring/treatment or 
construction dewatering. 

This section provides a description of the specific activities or protocols to be followed to 
successfully implement the soil and groundwater remedies.  

The preparation of a RAW is appropriate when the estimated cost of the removal action is less 
than $2,000,000. For this RAW, the estimated costs of the remedy for the RES Area through 
implementation of the SMP are not included, since those costs are unknown and dependent on 
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redevelopment actions not yet planned. Costs are also not included for the implementation of a 
remedy for TCE-impacted groundwater. 

The estimated cost of the specific RAW actions is $1,905,233, as shown in Table 5-1.  

5.1  SOIL EXCAVATIONS  

This section describes the planned excavations, confirmation sampling, waste characterization 
and disposal, cinder management, site restoration, and documentation for the proposed 
excavations. 

PCB-Impacted Soils 
Soil with concentrations of total PCBs greater than the remedial goal of 1 mg/kg will be 
excavated. Based on sampling conducted to date, six excavation areas have been identified (see 
Figure 4-1). The excavations include three areas within the Corporation Yard and two areas 
associated with transformers near Building 150 and Building 112. The Building 112 transformer 
area is located within the footprint of the MFA excavations, but the PCB excavation activities 
near Building 112 will be handled separately from the MFA excavation described below. The 
excavation depths will extend a half-foot beyond the depth of the sample exceeding the TSCA 
criterion, and confirmation samples will ensure that no impacted soils exceeding the criteria are 
left on site.  

The estimated total in-place volume of soil PCB-impacted soils to be excavated based on current 
characterization data is 15 cubic yards. 

Mercury-Impacted Soils at the MFA 
Soil with concentrations of mercury greater than the remedial goal of 275 mg/kg will be 
excavated with the goal of removing the majority of the mass of mercury-affected soil in the 
MFA. Based on sampling and analysis conducted to date, several excavation areas have been 
identified for soil removal and off-site disposal (see Figure 4-3).  

Three previously-sampled boring locations with mercury concentrations exceeding 275 mg/kg 
are not proposed for soil removal:  

• Boring MF-111 – The mercury concentration in the surface soil sample was detected at 
280 mg/kg. MF-111 is not in close proximity to the MFA source areas and the detection 
appears isolated from other soil samples exceeding the 275 mg/kg cleanup goal. The 
sample result likely represents an isolated detection associated with a false-positive 
concentration of mercury outside of the source area. Sampling will be conducted at 
MF-111 prior to excavation activities to confirm that contamination above the cleanup 
goal is not present in the area. If contamination is present, the area will also be included 
for excavation. 

• Boring MFA07 – Represents isolated elevated mercury concentrations at depth 
(490 mg/kg at 10 to 10.5 feet bgs and 370 mg/kg at 12 to 12.5 feet bgs); mercury 
concentrations in soil from this location collected at depths between 0 and 10 feet bgs do 
not exceed 275 mg/kg, the highest concentration being 11 mg/kg at 2 to 2.5 feet bgs. 
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• Borings BLDG 102-3 and BLDG 102-4 – The reported mercury concentrations of 280 
mg/kg and 330 mg/kg were from samples collected from under an existing building. 
Future excavation activities or soil management for soil beneath Building 102 will be 
addressed under the SMP and will include soil excavation and off-site disposal consistent 
with the remedial goals of the MFA. 

These sample locations are shown on Figure 4-3.  

During the construction of Asphalt Pad C, a layer of clean fill soil ranging from 2 to 4 feet thick 
was imported in 2003 and overlaid with asphalt pavement so that the asphalt pad would be 
higher than the original ground surface. For soil sample locations located within the Asphalt Pad 
C area, the sample depth elevation data has been normalized to reference the current ground 
surface (which includes the existing asphalt pad surface). The proposed excavation depths in the 
MFA are all also measured from the current ground surface, which includes the clean fill layer 
above the original ground surface at Asphalt Pad C. Figure 4-3 shows cross section A-A’ through 
the MFA excavations, which illustrates the elevation of the current ground surface, fill placed in 
the Asphalt Pad C area, and proposed excavations. A plan view of the cross section A-A’ is also 
shown on Figure 4-4. The clean fill above original grade will be segregated during excavation 
(using Figure 4-4 elevations as a guide to minimize cross contamination), stockpiled, and 
characterized to ensure the clean fill has not been impacted by any underlying mercury-
contamination. The volume of this soil is estimated at 93 in-place cubic yards and is not expected 
to require off-site disposal. 

The estimated total in-place volume of soil from the MFA for excavation and off-site disposal 
based on current site characterization data is 1,433 cubic yards. 

BAP (EQ)- and Dioxin-Impacted Soils at the Corporation Yard 
Soils with chemical concentrations greater than the remedial goals will be excavated and 
disposed of off site at an appropriately permitted landfill facility. Based on previous 
characterization data, PCBs; BAP (EQ); dioxins; and pyrite cinders-related metals, arsenic, and 
lead; are present in the Corporation Yard at concentrations exceeding remedial goals. The PCB-
impacted soils will be excavated as described previously in this section. The cinders-related 
metals at the Corporation Yard which are not collocated with PCBs, BAP (EQ), or dioxins are 
not proposed for excavation. These cinders will be managed in place consistent with the cinder 
management protocols within the SMP. The areas impacted by BAP (EQ) and dioxins proposed 
for excavation are shown in Figure 4-7. 

The estimated in-place volume of soil from the Corporation Yard for excavation and off-site 
disposal based on current site characterization data is 15 cubic yards. 

5.1.1  Site Preparation and Mobilization 

Site preparation activities include utility clearance, measurement and evaluation of current 
groundwater levels, ensuring compliance with the SWPPP, and preparation of a health and safety 
plan (HSP). Two field activities must occur before work can begin: the abandonment of 
piezometer MFA which is located in the excavation footprint, and additional soil sampling in the 
area of boring MF-111 to further characterize mercury concentrations in the vicinity of this 
sampling location. Approval to proceed will be obtained, as needed, from regulatory agencies 
before commencing removal action activities. Following these activities, mobilization can 
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commence.  

Permits and Notifications  
Land use actions within projects owned and controlled by the UC Regents are not subject to local 
municipal permits, such as tree and grading permits. This approach is consistent with the 
conditions included in the LRDP CEQA document. The following notifications and permits will 
be prepared before implementation of the removal action:  

• UC Berkeley will approve contractor personnel and subcontracts for access consistent 
with UC Berkeley policies. 

• DTSC notification at least 14 days in advance of field work. 

• On-site worker and employee notifications. 

• Amend the existing Notice of Intent (NOI) and Storm Water Pollution Prevention Plan 
(SWPPP) or create a new NOI and SWPPP in compliance with the Construction General 
Permit and upload to the California State Water Resources Control Boards’ Storm Water 
Multiple Application and Report Tracking System database. 

• Well abandonment and well construction permit for piezometer MFA from Contra Costa 
County Environmental Health Department. 

Utility Clearance  
Before excavation activities begin, an underground utility location service will be contacted to 
locate and document utilities, and a final visual inspection for subsurface utilities will be made, 
including a review of drawings and site markings. Underground utilities will be cleared and 
marked on the ground with indications (standard colors, letters, and numbers) of the assumed 
type of utility using a private utility locator with assistance from UC Maintenance and Facilities 
staff. The location and type of utilities will also be compared with existing subsurface utility 
maps. This information will be provided to the EH&S for approval prior to excavation activities.  

Evaluation of Groundwater Levels 
The proposed excavation area depths vary from 3 to 10 feet. Depth to groundwater varies at the 
MFA and may be as shallow as 3 to 5 feet bgs in the rainy season. Prior to the start of excavation 
activities, the depth to groundwater will be measured at the two nearest existing groundwater 
piezometers at the site (piezometers MFA and CCC3). Groundwater water level data will assist 
the field team to determine at what depth groundwater is likely to occur while excavating soils. 
Maximum depth of the Corporation Yard excavations is 3 feet bgs and groundwater is not 
anticipated to be present at this depth.  

Storm Water Pollution Prevention Plan Compliance  
The current SWPPP that was developed for stockpiling of clean soils in the RES Area may be 
modified to incorporate information about excavation activities in the MFA (4LEAF, Inc. 2013), 
or a new SWPPP will be completed. The SWPPP will outline the Best Management Practices 
(BMP) that shall be used to prevent erosion or runoff of soil, silts, gravel, non-stormwater 
discharges, hazardous chemicals, or other materials that are prohibited by the General 
Construction Permit from being discharged from the project boundaries. The SWPPP will 
include specific references to regulatory guidelines and applicable UC standard operating 
procedures. 
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Health and Safety Plan 
All staff, consultants, or contractors entering the exclusion or decontamination zones during the 
excavation activities shall read and comply with the requirements set forth in a site-specific HSP 
which will be submitted to DTSC; subcontractors are required to either adopt the prime 
contractor’s HSP or prepare one of their own. All contractors will be responsible for operating in 
accordance with the most current requirements of Title 8, California Code of Regulations, 
Section 5192 (8 CCR 5192) and Title 29, CFR, Section 1910.120 (29 CFR 1910.120), Standards 
for Hazardous Waste Operations and Emergency Response (HAZWOPER). On-site personnel 
will be responsible for operating in accordance with all applicable regulations of the 
Occupational Safety and Health Administration (OSHA) as outlined in 8 California Code of 
Regulations General Industry and Construction Safety Orders and 29 CFR 1910 and 29 CFR 
1926, Construction Industry Standards, as well as other applicable federal and state laws and 
regulations. All personnel working at the site shall have reviewed and signed the HSP, and a 
safety meeting shall be conducted at the beginning of each work day to review potential site 
hazards and safe working procedures.  

Because the MFA excavation depth is greater than 4 feet, the contractor will be required to 
submit to UC Berkeley EH&S a plan showing the design of shoring, bracing, sloping, or other 
provisions to be made for worker protection from the hazards of caving ground during the 
excavation, as appropriate. The proposed plan will comply with the State of California 
Construction Safety Orders and Title 24 of the California Code of Regulations. If the detailed 
plan varies from such shoring system standards, it shall be prepared by a registered civil or 
structural engineer. 

Piezometer Closure and Replacement 
Following the groundwater level measurement, the existing piezometer MFA, which is located in 
the footprint of the proposed excavation, will be abandoned properly prior to the excavation of 
the area. A replacement piezometer will be proposed to DTSC prior to abandoning piezometer 
MFA. The existing piezometer will be overdrilled and abandoned, and the replacement 
piezometer will be installed, according to Contra Costa County Environmental Health 
regulations, following completion of all excavation and reporting activities. The replacement 
piezometer location and elevation will be surveyed by a licensed surveyor. The replacement 
piezometer will be developed to accommodate use for future monitoring activities.  

Pre-Excavation Sampling 
UC will conduct pre-excavation sampling at the MFA to supplement existing characterization 
and collect additional samples near boring MF-111 which was identified as a possible 
false-positive result. If additional sampling indicates concentrations of mercury exceeding the 
cleanup goal, the area will be included in the excavation. A technical memorandum outlining the 
sampling strategy will be provided to DSTC prior to sampling. 

Mobilization  
Mobilization tasks include:  

• Mobilizing personnel, equipment, subcontractors, and materials to the Site and preparing 
the Site for work activities. The areas within the work zone limits will be cleared of 
rubbish, trash, vegetation, trees, and debris.  
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• Identifying and marking the exclusion, decontamination, and support zones. The 
exclusion zone will include all areas of excavation and truck loading. The 
decontamination zone for personnel, equipment, and vehicles exiting the exclusion zone 
will be located adjacent to the exclusion zone. The support zone will be located in the 
designated work zone but outside the exclusion and decontamination zones. The support 
zone will be used to temporarily store equipment, vehicles, and personnel. See Figure 5-1 
for the locations of these zones.  

• Establishing an entrance and exit from the work zones.  

• Erecting temporary fencing around each of the work zones, which may include 
equipment storage areas and exclusion, decontamination, support zones and temporary 
soil stockpile areas located adjacent to an excavation site. The intent is to protect the 
equipment, allow site control for a safe working environment, and prevent unauthorized 
entry into the work zones. 

Coordination with RFS maintenance staff regarding securing or rerouting existing utility lines 
affected by the planned work, if necessary. All utilities in the vicinity of the excavation 
footprints will be disconnected or depowered prior to excavation.  

5.1.2  Excavation 

Security and Access 
During excavation activities, access to all work areas will be limited to authorized personnel. A 
sign-in log will be maintained to document entry and exit of all personnel.  

Excavation of PCB-Impacted Soils 
Soil excavation is required at the PCB Areas where total PCBs exceed the TSCA criterion of 
1 mg/kg for high occupancy without further conditions. The PCB excavation areas are limited in 
size and are not expected to extend to a depth greater than 3.0 feet bgs. Each excavation area, 
depth, and in-place volume of soil to be excavated is identified on Figure 4-1. Access to the areas 
surrounding the transformers at Building 112 and Building 150 will be coordinated with EH&S 
and RFS Facilities and Maintenance staff because these transformers are currently active and 
will need to be taken off-line before excavation activities commence. 

Excavation of Mercury-Impacted Soils at the MFA 
Any utilities identified in the excavation footprint will be disconnected prior to the MFA 
excavation. Buildings 110 and 102, which are in the vicinity of the MFA planned excavations are 
not occupied and shoring will not be required near the base of buildings, unless safety concerns 
are identified. Excavation and backfill will proceed along the foundation of the buildings in 
increments so that no more than 10 feet of foundation is exposed without lateral soil support at 
one time. It is not anticipated that building foundations will be exposed. 

Clean soil that was placed on top of the original ground surface in calendar year 2003 during the 
construction of Asphalt Pad C will be segregated and stockpiled in a separate soil pile. These 
soils will be sampled and used as backfill material once excavation is complete. Water shall be 
applied to the soil surface to mitigate potential dust generation during all intrusive activities.  
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Excavation areas and anticipated depths based on sampling data are shown on Figure 4-3. The 
maximum planned depth of excavation at the MFA is 10 feet bgs, or to depth of groundwater if 
shallower; the excavation depths will not extend below the level of first-encountered 
groundwater. Soils will be excavated to the planned footprint and depth; at least one 
confirmation sample will be collected at the base and one sidewall of each portion of the 
excavation, as described in Section 5.1.3, for comparison to the mercury remedial goal of 
275 mg/kg. Additional lateral or vertical excavation may be needed if a confirmation sample 
exceeds criteria in an excavation sidewall or bottom; however, no portion of the excavation will 
be expanded with depth beyond a depth of 10 feet below original grade. Excavation activities 
will be conducted in a safe manner with proper sloping of sidewalls. Workers will not be allowed 
to enter excavations when the excavations are deeper than 4 feet unless the excavation plan 
prepared by the contractor includes appropriate design of shoring, bracing, sloping, or other 
provisions to be made for worker protection from the hazards of caving ground during the 
excavation. The plan will comply with the State of California Construction Safety Orders and 
Title 24 of the California Code of Regulations. If the detailed plan varies from such shoring 
system standards, it shall be prepared by a registered civil or structural engineer. 

Continuous observation of soil will be required as it is excavated to observe the trench or 
excavation bottom and sidewalls for indications of potential contamination such as pyrite cinders 
or elemental mercury, or unusual debris, such as buried intact containers, and archaeological 
artifacts. If workers observe suspected pyrite cinders, elemental mercury, or buried containers, 
EH&S will be notified prior to proceeding with excavation, and the locations will be documented 
in field notes and on the project site plan. The contractor will follow EH&S directions on 
handling and disposal of unusual debris found during excavation activities. 

Excavation of BAP (EQ)- and Dioxin-Impacted Soils 
Soil excavation is required at four separate areas in the Corporation Yard; these excavation areas 
are limited in size and are not expected to extend to a depth greater than 3 feet bgs. Each 
excavation area, depth, and in-place volume of soil to be excavated is identified on Figure 4-7. 
At excavation areas 1 and 3, concrete will need to be removed from the surface, and the 
excavation depth will then begin from the surface below the removed concrete. 

Identification and Management of Cinders 
Any cinders present within the soil excavated during the cleanup actions at the PCB areas, MFA, 
or Corporation Yard will be included as a part of the characterization and soil profiling activities 
for off-site disposal. If beneficial for profiling, the cinders may be segregated upon excavation. 

Incidental cinders identified along or outside the boundaries of the excavations following 
confirmation sampling will not be excavated; these cinders will be managed in place according 
to Section 5.2.2 of the SMP. EH&S will ensure cinder locations are documented within EH&S 
files. 

5.1.3  Confirmation Sampling 

Following the completion of the excavations to the dimensions presented in Figures 4-1, 4-3, 
and 4-7, confirmation samples will be collected to ensure no contamination exceeding the 
cleanup goals is left in place. The following sections describe the procedures for the collection of 
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confirmation soil samples. Included is a discussion of the criteria for determining soil sample 
locations, soil sampling procedures, and analytical testing methods. 

5.1.3.1  Confirmation Soil Sample Locations 

Confirmation soil samples will be collected within each of the excavation areas, and will include 
both bottom and sidewall samples. For excavation areas where groundwater is anticipated to 
infill the excavation, an attempt will be made to collect confirmation samples from the bottoms 
of the excavations immediately after excavation to obtain an unsaturated sample.  
The horizontal location and depth of each confirmation sample will be accurately recorded on the 
as-built plans and all final confirmation sample results will be recorded for presentation in the 
Completion Report.  

PCB Confirmation Sampling  
PCB confirmation sampling will follow the TSCA confirmation sampling guidance in 40 CFR 
Part 761.280. PCB excavation confirmation samples will be collected on a 1.5-meter grid basis, 
at the limits of each PCB soil excavation. At least one confirmation sample will be collected at 
the bottom of each excavation and at least one sample will be collected from each excavation 
sidewall. Based on results from characterization sampling, confirmation samples will be 
collected and analyzed for PCBs only for those areas that contain only PCBs. For those PCB 
Areas where other COCs are present, the confirmation samples will be analyzed for each of the 
COCs identified in the excavation area.  

If total PCBs are present at concentrations exceeding 1 mg/kg in a sidewall sample, then the 
excavation will be expanded 3 feet laterally as long as the additional excavation does not threaten 
to undermine buildings or utility pipelines that are not scoped for removal. If a bottom 
confirmation sample’s total PCB concentration exceeds 1 mg/kg, the excavation will be expanded 
1 foot vertically unless groundwater prevents the expansion of the excavation to the deeper depth.  

At each location where the confirmation samples contain total PCBs at concentrations 
exceeding 1 mg/kg and the excavation was expanded as described above, a secondary 
confirmation sample will be collected and analyzed at the new excavation boundary. If the 
secondary confirmation sample result exceeds 1 mg/kg, then the excavation will again be 
widened or deepened as described above. The excavation and confirmation sampling process 
will continue to repeat until excavation boundaries meet the TSCA criterion or DTSC and EPA 
will be consulted if the TSCA criterion cannot be met within the maximum physical limits 
described above.  

MFA Confirmation Sampling 
Confirmation soil samples will be collected from the excavations to confirm sufficient mercury-
impacted soil has been removed. Samples will be collected no less frequently than every 25 feet. 
Sidewall samples will be collected at appropriate depths based on the distribution of mercury at 
that location; samples will be collected from the same depth interval of existing samples with 
mercury concentrations exceeding 275 mg/kg; more than one sidewall sampling depth may be 
necessary in some locations.  

Excavation activities will be considered complete when the mercury concentrations in the 
confirmation samples collected from the bottoms and sidewalls are less than the remedial goal of 
275 mg/kg, unless otherwise approved by DTSC.  
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At least one confirmation sample will be collected at the base and the sidewall of each portion of 
the excavation. If mercury is present in any confirmation sample at a concentration exceeding 
275 mg/kg, then the excavation will be expanded either laterally for sidewall samples or 
vertically for bottom samples with the provision that excavation will not extended to such depth 
as to extend into standing groundwater. For sidewall samples that do not meet the remediation 
criteria, the excavation will be expanded approximately 5 feet laterally. For bottom confirmation 
samples that do not meet the remediation criteria, the excavation will be expanded approximately 
1 foot vertically.  

At any location where the bottom confirmation samples contain mercury at concentrations 
exceeding the remedial goal and the excavation was expanded as described above, a secondary 
confirmation sample shall be collected at the extended excavation boundary. If the secondary 
confirmation sample result exceeds a concentration of 275 mg/kg, then the excavation will again 
be widened or deepened as described above. The excavation and confirmation sampling process 
will continue to repeat until excavation boundaries meet the remedial goal or groundwater is 
encountered.  

Once the excavation boundaries have met the mercury cleanup goal, the final confirmation 
samples will also be analyzed for metals, PCBs, and PAHs to document concentrations of any 
additional chemicals remaining in place at the MFA. 

Before placing backfill, if soil exceeding cleanup goals is to be left-in-place, with DTSC 
concurrence, snow fence, or other type of demarcation, will be placed along the bottom and sides 
of the excavation, to indicate the extent to which soil was excavated and backfilled. Any such 
locations will be surveyed and documented within EH&S files. 

Corporation Yard Confirmation Sampling 
At least one confirmation sample will be collected at the bottom of each excavation and at least 
one sample will be collected from each excavation sidewall from the excavation areas in the 
Corporation Yard. Confirmation samples will be collected and analyzed for either PAHs to 
assess the BAP (EQ) or dioxins, depending on the COC identified for each excavation. For those 
excavations where COCs are collocated, the confirmation samples will be analyzed for each of 
the COCs identified in the excavation area. 

If PAH are present at concentrations exceeding remedial goals 0.4 mg/kg of BAP (EQ) or 1.64E-
05 mg/kg of dioxin (TEQ), overexcavation of impacted soil will be conducted, to the extent 
feasible. If the exceedance occurs in a sidewall sample, then the excavation will be expanded 3 feet 
laterally as long as the additional excavation does not threaten to undermine buildings or utility 
pipelines that are not scoped for removal. If a bottom confirmation sample exceeds the screening 
criteria, the excavation will be expanded 1 foot vertically unless groundwater prevents the 
expansion of the excavation to the deeper depth.  

At each location where the confirmation samples exceed the screening criteria and the 
excavation was expanded as described above, a secondary confirmation sample will be 
collected and analyzed at the new excavation boundary. If the secondary confirmation sample 
result exceeds the screening criteria, then the excavation will again be widened or deepened as 
described above. The excavation and confirmation sampling process will continue to repeat 
until excavation boundaries meet the criterion or the maximum physical limits described 
above. 
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5.1.3.2  Soil Sampling Procedures 

The methodology for soil confirmation sample collection is provided below. Generally, the 
following procedures will be used for sample collection: 

• Sampling equipment (e.g., trowel, gloves, etc.) that might come into contact with the 
sample will be dedicated, disposable, or decontaminated as described below. 

• Using a stainless-steel trowel, hand auger, or disposable scoop, a sufficient quantity of 
surface soil to completely fill the laboratory sample container(s) specified for the sample 
location will be collected.  

• For all excavations greater than 4 feet deep, confirmation soil samples will be collected 
from soil contained in the excavation equipment buckets to avoid personnel from entering 
the excavations. 

• Any surface slough and smearing will be removed from the excavation sidewall or 
bottom before a sample is collected. 

• The field team will document soil confirmation sample locations using a handheld global 
positioning system where possible; sample locations in deep excavations will be 
estimated visually and with photos. 

• A sample label will be affixed to the sealed sample jar to identify the sample. 

• The sealed sample jar will be placed in bubble wrap and placed in an iced cooler. 

• Using the appropriate chain-of-custody and shipping procedures consistent with the 
Phase I FSW (Tetra Tech 2010), the samples will be packaged and shipped or hand-
delivered to the laboratory for analysis. 

5.1.3.3  Sampling Equipment Decontamination Procedures  

Reusable sampling tools will be decontaminated before sampling begins and between sample 
locations. Reusable sampling tools will be decontaminated by scrubbing in a solution of potable 
water and nonphosphate detergent (Alconox or Liquinox). The tools will then be double-rinsed 
with distilled water. Sampling tools that are not used immediately after decontamination will be 
allowed to air dry and wrapped in plastic. 

5.1.3.4  Analytical Methods  

Confirmation samples will be analyzed at a state-certified laboratory for mercury, metals, PCBs, 
PAHs, and dioxin. Initial confirmation samples will be analyzed on expedited turnaround times 
to enable the rapid identification of the final excavation boundaries. Mercury and PCB samples 
will be analyzed in triplicate to help quantify any potential laboratory error. 

The analytical methods and requirements are presented below. Analytical detection limits are 
provided in Table C2-3 of the Sampling and Analysis Plan (Exhibit C2 of Attachment C) 
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Analytical Requirements for Confirmation Samples 

Matrix 
Analytical 

Group 
Analytical 

Method  Containers 
Sample 
Volume 

Preservation 
Requirements 

Maximum 
Holding Time 
(preparation 

/analysis) 

Soil Mercury SW-846  
EPA 7471 

8 ounce  
glass jar 

15 grams 
(triplicate 
analysis) 

Cool, 4°C ± 2° 28 days/28 days 

Soil Metals SW-846  
EPA 6020 5 grams Cool, 4°C ± 2° 180 days/180 

days 

Soil PCBs SW-846  
EPA 8082 30 grams Cool, 4°C ± 2° 14 days/40 days 

Soil PAHs SW-846  
EPA 8270 SIM 30 grams Cool, 4°C ± 2° 14 days/40 days 

Soil Dioxin EPA 8290 10 grams Cool, 4°C ± 2° 30 days/45 days 
Notes: 

°C Degrees Celsius 
EPA Environmental Protection Agency 
PAH Polycyclic aromatic hydrocarbons 
PCB Polychlorinated biphenyls 
SW Solid Waste 

5.1.3.5  Sample Documentation and Handling 

Sample documentation and handling will be conducted according the Phase I FSW (Tetra Tech 
2010). 

5.1.4  Stockpiles 

Soil will be excavated directly into trucks for off-site disposal or into roll-off bins; however, 
should temporary soil stockpiling be necessary or is selected by the remediation contractor, the 
stockpiles will be constructed in accordance with the remediation waste staging requirements in 
the health and safety code (California Health and Safety Code‚ Division 20‚ Chapter 6.5‚ Article 
2‚ Section 25123.3[b][4][B]) and 40 CFR, Section 264.554, as follows:  

• Stockpiles will be constructed within the work zone and on a level surface. Stockpiles 
will be constructed to minimize the footprint of the stockpile area. The stockpile will 
remain covered with a minimum of 6-millimeter (mil) plastic except when soil is being 
placed or removed.  

• The soil stockpiles will be constructed with berms (or straw wattle) and plastic liners 
(20-mil-thick minimum on the bottom in paved areas, 60-mil base in unpaved areas).  

• The stockpile covers will be weighed down with sand bags or other means so that the 
stockpiles remain covered during periods of high winds and rain events. Site controls, 
including security fencing, around the piles will be maintained in good condition at all 
times, including during non-working hours, until the stockpiles are removed from the 
work zone.  
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• Erosion control measures will be employed to minimize the contribution of stockpiled 
soil to surface runoff and wind-generated particulate matter.  

• Hazardous waste will not be stockpiled for longer than 90 days.  

• The stockpiled soils will not contain free liquids.  

• The stockpiles will be inspected in accordance with the SWPPP to verify that the BMPs 
for windblown dispersion and precipitation runoff and run-on are functioning properly.  

• After stockpiles are removed from the Site, the stockpile area and any structures or 
equipment associated with the stockpile area will be inspected visually and sampled if 
contamination is possible. Any areas determined to have residual contamination will be 
remediated as necessary within 30 days after this determination is made.  

• The stockpile area will be certified by a registered engineer or geologist for compliance 
with the above measures.  

5.1.5  Backfill 

Clean soil currently stockpiled in the RES Area, and previously approved for use as backfill in 
the RES Area by DTSC will be used as backfill for the planned excavations. The origin of the 
stockpiled soil is the soil formerly underlying the Computational Research and Theory facility at 
the LBNL campus in Berkeley, California. The total amount of backfill required for the MFA 
excavation is estimated to be 2,250 cubic yards.  

Soil excavated from Asphalt Pad C that was placed in calendar year 2003 above the original 
ground surface may also be used as backfill if it meets DTSC requirements for backfill material.  

In the event that backfill from an alternate source is used, the soil will be sampled and the results 
evaluated to ensure it meets DTSC requirements for clean backfill. Under no circumstances will 
any fill containing concentrations of chemicals exceeding the remedial goals or hazardous waste 
criteria be used as backfill. Excavations will remain open until confirmation sampling results 
have been received and reviewed by EH&S and DTSC. It is not anticipated that excavations will 
remain open longer than 30 days. 

Soil will be placed in uniform lifts of 8 inches or less (uncompacted thickness) and wheel-rolled 
into place with a sheepsfoot roller or equivalent. Compaction testing using a nuclear gauge will 
be conducted at a minimum frequency of one test per 250 cubic yards of backfill installed. The 
compaction goal for the backfill will be 90 percent relative compaction. If pumping conditions of 
the soil are observed during compaction, additional passes of the sheepsfoot roller will be 
prescribed to increase the relative field density. Soil placement and compaction will be 
continuously observed to establish consistent results for the installed backfill. 

The excavation areas will be backfilled to meet current surrounding grades. Soil used for the 
final lifts will be suitable and placed properly to encourage growth of vegetation in the MFA and 
suitable for asphalt, gravel, or concrete surfaces at the PCB and Corporation Yard excavations. 
The disturbed portions of the work zone area, including onsite truck routes, staging areas, and 
decontamination areas, will be finished to current grades.  
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5.1.6  Dust and Erosion Controls 

Soil will be managed to prevent dust, spills to the ground or water, transport into storm drains, 
and exposure to people or the environment. Excavation, transportation, and handling of all soil 
must result in no visible dust at the fence line of the excavation. Any soil material proposed to be 
placed as fill, whether from an off-site source or on-site source will be kept covered or moist to 
facilitate eventual compaction and to control dust during earthwork operations. A water truck or 
water tank will be available to supply water in sufficient quantity on the job site while earthwork 
operations are underway. Sufficient water will be applied to suppress dust while exercising care 
to avoid generating runoff to any area outside the project boundaries. Dust control measures will 
be implemented, as appropriate and necessary, beginning with site mobilization and continuing 
during all phases of the construction activities. Water will not be applied if there is a possibility 
of spreading contaminated soil or leaching contaminants from the soil or if it results in hazardous 
working conditions. 

Soil management will be in compliance with the SWPPP for stockpiling of soils (4LEAF, Inc. 
2013), as modified for the action. Contractors will not be allowed to stockpile material 
containing or suspected to contain hazardous waste or contamination unless covered and 
protected from rain or wind erosion for the duration of the construction project. Stockpiles of 
material containing hazardous waste or contamination will be placed on plastic sheeting of 
adequate thickness to contain the soils or in roll-off bins and will not be placed in areas that may 
be potentially affected by surface run-on or run-off. Contaminated and clean soils material will 
not be allowed to enter storm drains, inlets, or waters of the State. The plastic sheeting used to 
cover the soil must be anchored to the ground and weighted as necessary to securely and 
completely cover the stockpiled soil to prevent wind-blown dust from being generated.  

If the excavation is to be conducted when rain is possible, the site work must be carefully 
executed to contain potentially contaminated surface water, groundwater in excavations, muddy 
soils within the project area, and prevent off-site tracking of sediment and soils to adjoining 
roads. All stockpiled soil must be managed in accordance with the requirements outlined in the 
SWPPP and Section 5.1.4. 

5.1.7  Air Monitoring 

Exposure monitoring and air sampling will be conducted to monitor possible airborne levels 
of contaminants down-wind from any excavation and stockpile areas, and ensure that all on- and 
off-site workers are protected. The monitoring will help assure that excavation activities do not 
pose unacceptable concentrations to project personnel or any down-wind human receptors.  

Air monitoring will be performed during all soil disturbance and excavation activities. Based on 
the known COCs, real-time dust monitoring and mercury vapor monitoring will be performed 
during excavation activities to be performed in the MFA and real-time dust monitoring will be 
performed during excavation activities to be performed in the PCB areas and Corporation Yard. 
A complete description and rationale for the air monitoring is included as Attachment D, Air 
Monitoring Plan. 

Perimeter Dust Monitoring 
Air monitoring will be performed at the fenced perimeter of the various excavation areas to 
verify that dust control measures are adequate. Real-time air monitoring of total dust will be 
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performed using real-time aerosol monitors (MIE Personal Data Rams [PDR]) with data loggers 
to provide immediate information for the total dust levels present. The lower detection limit for 
the operating range of the PDR is 0.001 milligrams per cubic meters. The particle size maximum 
range of response for the PDR is 0.1 to 10 micro meters.  

The PDRs will be set to automatically log dust levels over 5-minute periods and will be visually 
checked approximately every hour during the work day and the value manually recorded in the 
field logs by an on-site UC Berkeley representative to verify equipment operation and 
compliance with the target action levels. The data will be downloaded into a computer daily and 
will be posted on the RFS Environmental Website (http://rfs-env.berkeley.edu) within one week. 

Dust measurements will be recorded upwind of the excavation area at the start of work in the 
morning and after lunch break at mid-day to determine ambient dust concentrations for that day.  

The PDRs will be positioned along excavation fence lines at locations most likely to be in the 
direction of off-site dust migration from each excavation area depending on the identified wind 
direction on the day and time of work. Two PDRs will be placed at a height of 5 feet on fences in 
the downwind direction of the excavation area to monitor for dust being generated in the 
excavation and one PDR will be placed upwind of the excavation to measure ambient dust 
concentrations. 

Wind speed and direction will be continuously monitored using a portable calibrated wind sock. 
Wind speed will also be measured every hour using a hand-held anemometer and the readings 
recorded in the daily field notes. The contractor will be notified verbally (and documented in the 
daily field notes) to stop work if real-time dust monitoring shows that perimeter action levels for 
dust are exceeded or if sustained wind speeds exceed 15 miles per hour (sustained for 15 
minutes). 

The following action levels have been calculated for fugitive dust concentrations for the 
perimeter (or fence line) of each excavation area: 

• MFA - 34 micrograms per cubic meter (µg/m3) dust concentration (in addition to the 
daily measured ambient dust levels). 

• Building 112 and 150 PCB Areas - 50 µg/m3 dust concentration (in addition to the daily 
measured ambient dust levels). 

• Corporation Yard - 16 µg/m3 dust concentration (in addition to the daily measured 
ambient dust levels). 

The methodology for calculating the dust action levels is presented in Attachment D. The 
perimeter dust action levels are protective of the most sensitive off-site receptors including 
children, elderly, and the ill. 

Mercury Vapor Monitoring 
Real-time mercury vapor monitoring will be performed near the work zone as well as at the 
fenced perimeter of the MFA excavation area. The mercury vapor monitoring will be conducted 
using Lumex RA-915 mercury vapor meters equipped with data loggers (or equivalent real time 
vapor monitor with equivalent detection limits). The Lumex RA-915 meter has a detection limit 
of 0.002 µg/m3 for mercury. Mercury vapor monitoring in and near the work zone will be 

http://rfs-env.berkeley.edu/
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performed using a hand-held meter and the perimeter monitoring will be performed by 
positioning Lumex vapor meters at a height of 5 feet on fences along each side of the excavation 
area (a total of four monitors). A portable Lumex meter will also be utilized by designated UC 
Berkeley representatives to monitor for mercury vapor in the immediate vicinity of the MFA 
excavation area.  

The Lumex vapor meters placed along the excavation perimeter fencing will be set to log 
mercury vapor levels over 5-minute periods and will be will be visually read approximately 
every hour during the work day and manually recorded in the field logs by an on-site UC 
Berkeley representative to verify equipment operation and compliance with the target action 
levels. The data will be downloaded into a computer daily and will be posted on the RFS 
Environmental Website (http://rfs.berkeley.edu) within 2 working days. 

An action level of 0.6 µg/ m3 has been established for mercury vapors as measured at the MFA 
excavation fences. The action level is based on the OEHHA acute reference exposure level 
(REL) value for 1-hour exposures to mercury and inorganic mercury compounds (OEHHA 
2013). Additionally, an 8-hour average mercury concentration will be calculated daily from the 
Lumex vapor data and compared to the OEHHA 8-hour REL of 0.03 µg/m3 to ensure exposures 
over an 8-hour work day are not exceeding the REL. The 8-hour REL is also protective of on-site 
staff that work in nearby buildings and for off-Site residents that live at the nearby Marina Bay 
housing development. 

A stop work notice will be issued to the contractor if vapor concentrations exceed the action 
level in any of the four perimeter Lumex vapor meters and work will not be allowed to resume 
until the mercury vapor levels measured at the excavation fence line are less than the action 
level. 

5.1.8  Heavy Equipment Decontamination 

An exclusion zone will be established around the excavation areas. Access to and from the 
exclusion zone by personnel and equipment will be controlled to mitigate risks and prevent the 
spread of contamination from heavy equipment. Decontamination procedures for workers will be 
established in the HSP.  

Two lined decontamination pads appropriately sized for storage and treatment of all anticipated 
rinse water will be constructed as shown on Figure 5-1. The pads will be sized to collect 
decontamination water and overspray. Collection and removal of the decontamination water and 
precipitation captured in the decontamination pads will be conducted utilizing sumps, dikes, 
ditches, and holding tanks as required. The decontamination pad designs will be approved by 
EH&S prior to construction.  

All wastes, including liquid wastes and non-hazardous or hazardous contaminated soils, will be 
managed to prevent uncontrolled releases outside of the project area.  

All vehicles exiting the site will be inspected to be free of mud on tires, wheel wells, 
undercarriage and other exposed surfaces outside the covered truck bed or roll-off bin. Vehicles 
will be cleaned as necessary prior to leaving the decontamination area.  

http://rfs.berkeley.edu/
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5.1.9  Noise 

Field activities during the proposed remedial action are not expected to exceed City of Richmond 
noise ordinance guidelines. Noise reduction measures, including using quiet construction 
equipment, particularly air compressors, will be used whenever possible. All construction 
equipment powered by internal combustion engines shall be properly muffled and maintained. 
All stationery noise-generating construction equipment such as tree grinders and air compressors 
are to be as far as is practical from existing residences. Unnecessary idling of internal 
combustion engines shall be prohibited. Sources of impulsive sound and jack hammers shall not 
be used on Sundays and holidays, except for emergencies. 

5.1.10  Waste Management 

Wastes generated during excavation and investigation will include hazardous and nonhazardous 
soil, decontamination water, and other investigation-derived waste (IDW). Wastes will be 
handled and stored according to the protocols below and all state and federal laws. Storage 
containers will be in good condition and constructed of materials that are compatible with the 
material to be stored. Each container will be clearly labeled with an identification number and a 
written log will be kept to track the source of contaminated material in each temporary storage 
container. Samples of soils and liquids will be collected and analyzed for contaminated material 
in conformance with state and federal criteria as well as to the requirements of the treatment or 
landfill facility, as further described below.  

Hazardous or Contaminated Soils 
For temporary storage of contaminated soil or hazardous soil remediation waste storage, securely 
covered stockpiles, drums, or metal containers will be utilized. Drums and other metal containers 
must be appropriately labeled per all applicable legal requirements. 

Stockpiles will be constructed to isolate stored contaminated material from the environment. 
Stockpiles will be placed on and covered with a chemically resistant geomembrane liner free of 
holes and other damage. Stockpiles will be managed in compliance with the SWPPP for the 
action, to prevent pollutants from being discharged from the project boundaries. 

Roll-off bins used to temporarily store contaminated material will be water-tight. A cover will be 
placed over the bins to prevent precipitation from contacting the stored material. Excavated soil 
containing pyrite cinder must be segregated and stored in covered bins, drums, or other suitable 
container. 

Nonhazardous or Clean Soils 
Excavation and sampling activities may generate nonhazardous soil waste. Soils that are 
considered potentially clean will be segregated from contaminated or hazardous soils until 
characterized. Soils from beneath Asphalt Pad C that were placed above the original grade in 
calendar year 2003 will be segregated, sampled, and reused as backfill following completion of 
excavation activities. Soils with chemical analysis results that do not exceed state or federal 
hazardous waste criteria concentrations are considered nonhazardous soils. Nonhazardous waste 
may be disposed of off site as nonhazardous waste. 
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Decontamination Water 
Liquid collected from personnel and equipment decontamination operations will be temporarily 
stored in drums or other suitable containers. Water from heavy equipment decontamination, 
excavations and stockpile areas will be temporarily stored in tanks, drums, or other suitable 
containers. Stored wastewater containers will be appropriately labeled per all applicable legal 
requirements.  

Aqueous waste will be analyzed per the requirements of the Richmond Field Station  
City of Richmond Wastewater Permit and the SWPPP. If analytical test results show that the 
water is not contaminated and within limits for sanitary sewer or on-site discharge then it will be 
disposed of via the sanitary sewer or into an approved on site location per the SWPPP. 
Wastewater not suitable for on-site disposal will be characterized, profiled, and disposed of 
offsite per Section 5.1.11. 

5.1.11  Waste Classification, Loading, Transport, and Disposal 

Soil excavation activities will generate wastes described in Section 5.1.10. Soil and water wastes 
will be characterized in order to profile the wastes for proper disposal. If existing data for the 
excavated soil is deemed by UC as sufficient to meet disposal facility profiling requirements, it 
may be placed directly from the excavation into the transportation hauling trucks. If, however, 
the selected disposal facilities require additional profiling, or if EH&S elects to conduct 
additional waste profiling, samples will be collected from the excavated soil and analyzed for the 
constituents specified by the selected disposal facilities. In this case, soil from each excavation 
area will be segregated, characterized, and profiled for proper off-site disposal. 

Waste characterization samples will be collected to adequately meet the representativeness and 
variability goals identified in EPA SW-846. Results from site characterization and confirmation 
sampling will be used to meet the variability goals identified in EPA SW-846. If necessary, 
additional composite samples will be collected from the soil piles during their generation to meet 
the EPA SW-846 goals for representativeness. These samples will be sent to a laboratory for 
analysis of the same constituents as the excavation confirmation samples, as well as for leaching 
potential for mercury using the California Waste Extraction Test (WET) Leachate and federal 
Toxicity Characteristic Leaching Procedure Leachate (TCLP) methods.  

One water sample will be collected to characterize the decontamination water produced at the 
MFA, PCB areas, and Corporation Yard. Samples will be analyzed for the same constituents and 
confirmation sampling. 

Waste profiling will follow a three step process based on the waste characterization results, as 
described below. 

• Step 1. Characterization results will be compared to the California Total Threshold Limit 
Concentration (TTLC) criteria. If the characterization results are greater than 20 times the 
criteria, then the sample must also be analyzed by the TCLP method to determine if it is 
federal RCRA characteristic waste. If the TCLP results exceed the TCLP limits, then the 
waste is classified as RCRA hazardous. 
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• Step 2. If the characterization results are greater than the TTLC-Wet Weight value, then 
the waste is considered California Hazardous Waste under the California Code of 
Regulations, Title 22, Chapter 11. 

• Step 3. If the characterization results are greater than 10 times the Soluble Threshold 
Limit Concentration (STLC), then sample will also be evaluated by California WET 
method. If the California WET result is greater than the STLC, then the waste is 
classified a California Hazardous Waste or Non-RCRA waste. 

IDW waste including PPE and disposable sampling equipment will be disposed as nonhazardous 
solid waste or hazardous solid waste, consistent with the soil or water determinations identified 
previously. 

Waste Classification 
Waste codes applicable to each hazardous waste stream will be identified based on the 
requirements in 40 CFR 261 and California Title 22 California Code of Regulation 66261, and 
any other applicable state law or regulation. All applicable treatment standards in 40 CFR 268 
and state land disposal restrictions will be identified and a determination will be made as to 
whether or not the waste meets or exceeds the standards. Waste characterization samples will be 
evaluated against land disposal restriction requirements to ensure that any hazardous wastes are 
properly treated before hazardous waste is land disposed. Waste profiles, analyses, classification 
and treatment standards will be according to the requirements of receiving facility and will be 
reviewed and approved by EH&S prior to any waste disposal activities. 

A waste acceptance letter will be obtained from the selected disposal facility. Waste profile 
sample results and documentation will be included in the excavation completion report discussed 
in Section 5.1.16. 

Loading Procedures 
Upon receiving clearance, drivers for designated transportation haulers will enter the work zone 
and drive in the direction of the designated loading area. Soil will be loaded using appropriate 
equipment, such as a front-end loader, excavator, or backhoe. Truck drivers will remain in the 
trucks while loading is in progress to minimize the potential for exposing the driver to dust 
during loading and moving equipment hazards. Loading will be performed in a way that 
minimizes the potential for spill or dust creation, such as by minimizing drop distances into the 
truck beds. If needed, water spraying may be implemented to suppress potential dust while 
loading.  

Vehicles will not be allowed to idle for greater than 5 minutes as per Title 13 California Code of 
Regulation Section 2485. Once the loading is complete, the axle scales will be checked to 
confirm that the truck is within legal load limits. If necessary, adjustments will be made to the 
load until the legal load limit is reached.  

From the loading area, the driver will proceed to a staging area, where all hauled material will be 
covered. The end-dump truck boxes or bins will be covered with tarpaulins or fixed lids.  

After the load has been covered, the truck will proceed to a truck decontamination area. 
Figure 5-1 shows the proposed location for the truck and equipment decontamination areas. For 
dry-weather decontamination, any soil present on the outside of the truck will be brushed off 
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with a broom. In most cases, this will be sufficient to allow egress from the site. If dry-broom 
cleaning is not successful in cleaning the truck, a pressure washer or steam cleaner will be used 
to clean the tires, fenders, and other parts of the truck. Personnel operating the pressure washer 
or steam cleaner will wear appropriate PPE, as required by a site-specific HSP. The truck will 
drive into a temporary decontamination cell that will allow collection of the wash water and 
debris. The temporary decontamination cell will be constructed using plastic film on the ground 
and soil berms under the edges of the plastic to contain the water. The temporary 
decontamination cell material, debris, and wastewater will be sampled and appropriately 
disposed of.  

Tank trucks, if needed for the disposal of decontamination water, will load from a temporary 
storage tank using their onboard vacuum pumps and appropriate hoses. The truck will proceed to 
a truck decontamination area. If soil is present on the outside of the truck, it will be brushed off 
with a broom. Additional truck decontamination will be conducted as described previously, if 
necessary. Tank trucks are not anticipated to be used for these actions. 

Truck loading may be initiated as early as 7:00 a.m. and will cease by approximately 4:00 p.m. 
These hours of operation will have a minimum impact on traffic in the area by hauling during 
non-commute hours.  

After decontamination, trucks will deposit full roll-off bins in the Asphalt Pad B staging area 
located west of the MFA. Roll-off bins will be temporarily labeled with placards indicating the 
excavation areas from which the soil was excavated. Waste characterization sampling will be 
conducted consistent with the disposal facility requirements. Once waste characterization 
sampling results are available, roll-off bins will be appropriately placarded according to contents.  

After decontamination procedures, trucks will proceed to an inspection location prior to leaving 
the secured area and onto South 46th Street. At this location, trucks will be inspected and receive 
the necessary transportation paperwork. The inspection will include a visual decontamination 
check and a visual check of tire conditions, latches, proper covering, placarding, and hauling 
documents. Adjustments based on the inspection will be made before the truck leaves the work 
zone. The inspection results will be recorded in the daily construction logs kept by the onsite 
construction manager.  

A street sweeper will be used on South 46st Street as it approaches Meade Street to ensure no 
fugitive soil reached Meade Street for the first 3 days of field activities. After 3 days, the need to 
continue street sweeping will be evaluated on a daily basis. 

Waste Transportation 
Impacted soil generated during the removal action will be transported to a permitted landfill 
facility for disposal using roll-off bins or through direct loading into transport trucks. The 
capacity of each truck roll-off bin is approximately 20 cubic yards of soil. The removal actions in 
the PCB Areas, the MFA, and Corporation Yard will be conducted in a segregated manner and 
conducted consecutively; therefore, cubic yardages and numbers of roll-off bins are estimated by 
geographic area. 
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Geographic Area Cubic Yards of Soil Roll-off Bins 
PCB Areas 15 1 

MFA 1,500 0 (MFA soils will be 
directly loaded in to trucks) 

Corporation Yard 15 1 

Soils will be excavated directly into truck-mounted roll-off bins, dump trucks, or placed in 
temporary stockpiles within each geographic area. Open-top roll-off bins will be covered before 
leaving the work zone. Asphalt Pad B will be used as a staging area for empty roll-off bins and 
full roll-off bins or soil stockpiles awaiting waste characterization sampling results.  

Soil suitable for disposal at a Class I solid waste facility is anticipated to be transported to Clean 
Harbors’ Buttonwillow Facility in Buttonwillow, California. Soil suitable for disposal at a Class 
II solid waste facility is anticipated to be transported to Altamont Landfill in Livermore, 
California. Figures 5-2 and 5-3 show the anticipated transportation route from the Richmond Bay 
Campus to the Buttonwillow and Altamont facilities. It is estimated that approximately 20 trucks 
per day will be leaving the site for approximately 4 weeks, depending on any additional volumes 
of soil generated as a result of confirmation sampling and additional unanticipated excavation. If 
an alternate disposal facility is identified prior to excavation activities, DTSC will be notified. A 
detailed transportation plan will be prepared following selection of the transportation contractor 
and will include the final selected disposal facility. 

Only Department of Transportation-(DOT) licensed transporters will be allowed to transport the 
soil. The contracted transporter(s) will be required to submit proof of a valid hauler registration, 
valid commercial driver’s license, and valid hazardous waste endorsement (which includes 
fingerprinting and a criminal background check by the Transportation Security Administration). 
The transporter will be required to ensure that the vehicles used to transport hazardous waste are 
properly registered, operated, and placarded in compliance with all local, state, and federal 
requirements. All drivers will be required to provide proof of a valid driver’s license. 

Manifests will be used for transporting hazardous wastes as required by 40 CFR 263 or any 
applicable state law or regulation. Transportation will comply with all requirements in the DOT 
referenced regulations in the 49 CFR series. Manifests and waste profiles will be reviewed and 
approved by EH&S prior to any waste transportation activities. Land disposal restriction 
notifications will be prepared as required by 40 CFR 268 and any applicable state law or 
regulation for each shipment of hazardous waste and will be reviewed and approved by EH&S. 
Hazardous waste manifests will be prepared for each shipment of waste shipped offsite using 
instructions in 40 CFR 761, Sections .207 and .208 and all other applicable requirements. Soil 
waste will be removed from the site in compliance with all U. S. DOT regulations and will be 
covered to prevent soil loss during transport. 

Waste Disposal 
No soils will be removed from the site for off-site disposal without EH&S permission. Soils 
designated for off-site disposal will first be sampled according to the requirements of the 
potential receiving facility and in compliance with all state and federal waste classification 
requirements. All contaminated nonhazardous or hazardous soil waste will be disposed at an 
appropriately permitted landfill or treatment facility. PPE and disposable sampling equipment 
will be disposed of offsite as hazardous or nonhazardous waste. 



 

RAW, Richmond Bay Campus 79 November 25, 2013 

5.1.12  Traffic Controls, Transportation Plan 

Transportation to and from the excavation area will be planned to minimize disruption to 
operations and to the surrounding community. Truck traffic will be controlled by radio or phone 
communication to control the number of trucks on stand-by at the excavation area, and en-route 
on local roads. Flagmen will be placed as needed to direct traffic. All trucks must follow posted 
speed limits. Community notification of truck traffic associated with the excavation and off-site 
removal will be through the DTSC work notification of the project. A transportation plan will be 
prepared by the contractor following selection and contract award. All drivers will be provided 
with and required to maintain a copy of the transportation plan. 

5.1.13  Offsite Spill Contingency Plan  

Although BMPs will be applied during loading and transportation of waste to reduce the 
possibility of spilled material that could affect human health and the environment, procedures 
can be followed to reduce the impact to the human health and the environment. Should an offsite 
release occur during transport, the following recommended steps will be communicated with the 
transportation contractor:  

• If possible, stop the vehicle safely, move off the roadway, and isolate the vehicle and 
waste material to minimize additional accidents.  

• Assist any injured personnel.  

• Survey the situation and identify any injured parties; determine immediate cause and 
potential implications.  

• Call for emergency assistance by dialing 911.  

• Report the incident using the 24-hour emergency contact information included on the 
hazardous waste manifest.  

• Report the incident to State of California Office of Emergency Services by contacting the 
California State Warning Center (916/845-8911).  

• If possible and safe, contain spilled materials.  

• Make arrangements as soon as possible to clean up the spilled material and transport it to 
the appropriate facility.  

• Complete an incident report.  

In the event of a spill, the transporter will contact EH&S, who will assist with the coordination of 
any spill response measures necessary, depending on the location and magnitude of the spill. 

5.1.14  Site Restoration 

Excavations will be backfilled after all contaminated materials have been removed and 
confirmation test results have been evaluated by EH&S and DTSC. Excavations are not 
anticipated to remain open longer than 30 days. Before placing backfill, snow fence, or other 
type of demarcation, will be placed along the bottom and sides of the excavation, if soil 
exceeding any cleanup goals is to be left-in-place, to indicate the extent to which soil was 
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excavated and backfilled. Any such locations will be surveyed and documented within EH&S 
files. 

Clean soil currently stockpiled in the RES Area, and previously approved for use as backfill in 
the RES Area by DTSC, is planned for use as backfill for the planned excavations. The origin of 
the stockpiled soil is the soil formerly underlying the Computational Research and Theory 
facility at the LBNL campus in Berkeley, California. 

The excavation areas will be backfilled to meet current surrounding grades. Soil used for the 
final lifts will be suitable and placed properly to encourage growth of vegetation in the MFA and 
suitable for asphalt, gravel, or concrete surfaces at the PCB and Corporation Yard excavations. 
Additionally, the disturbed portions of the work zone area, including onsite truck routes, staging 
areas, and decontamination areas, will be hydromulched and reseeded according to the SWPPP 
to prevent erosion.  

5.1.15  Recordkeeping  

Field Records  
A daily log will be maintained by an EH&S representative, and the following information will be 
recorded, as applicable:  

• Daily activities and on-site personnel 

• Air monitoring data  

• Excavation activities and depths 

• Confirmation samples collected 

• Vehicle transport information, including vehicle ID, driver name, trucking company, and 
approximate weight or volume of load  

• Communications, comments, or remarks  

Manifesting  
If a waste is determined to be hazardous, a manifest will be generated for each load to 
accompany the load to the disposal facility. Non-hazardous wastes must be shipped using a non-
hazardous waste manifest to be kept with the transported to the disposal location. EH&S will 
complete the generator section, or verify the accuracy of forms prepared by the disposal site. 
EH&S staff or University- delegated representative and the transporter will sign the manifest 
before the load leaves the site. Manifest records will be maintained by EH&S for at least 3 years. 
EH&S will track receipt of the signed manifest copy from the disposal facility and file an 
exception report with DTSC, if necessary.  

5.1.16  Completion Reporting 

Following the completion of the soil excavation activities, a completion report will be prepared 
describing site conditions, quantity of materials removed from each area of contamination, 
quantities of soil and liquid materials disposed and the receiving facilities, chain-of-custody 
forms; and sources of backfill. The completion report will also document the groundwater 
remedy construction activities. 
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The report will include copies of all chemical results, chain-of-custody forms, manifests, land 
disposal restriction notifications, daily observation reports and photographs, air monitoring data, 
and certifications of final disposal issued by the disposal facility. 

Record drawings will be prepared showing limits of each excavation, limits of contamination left 
in place, known underground utilities, sample locations and depths, and sample identification 
numbers. On-site stockpile, storage, loading, and disposal areas used will also be shown on the 
drawings. Photographs will be presented to document progress of the work.  

Any deviations from the RAW will be documented in the completion report. The completion 
report will be submitted to DTSC for review. A final report, which addresses DTSC review 
comments, will be submitted to DTSC.  

5.2  LAND USE CONTROLS FOR SOIL 

In addition to the specific soil excavation activities discussed in Section 5.1, prescriptive soil 
management guiding future activities will be conducted as a part of the recommended remedy for 
soil within the entire RES Area. The prescriptive soil measures, or LUCs, consist of deed 
restrictions identifying the future use of the former RFS Site as commercial only, and mandating 
that future site soil disturbance or soil movement be conducted under the SMP. 

5.2.1  Deed Restrictions 

LUCs that restrict use of the property to prohibit activities that could result in human exposure to 
contaminated soil, groundwater, or vapors will be recorded in the property deed, including all 
areas within the RES Area. The deed restrictions associated with soil are presented below. 

1. A deed restriction would be recorded to prohibit residential use consisting of a residence, 
mobile home, or factory-built housing constructed or installed for use as residential 
human habitation. In addition, certain commercial uses defined as “sensitive uses” will 
also be prohibited. Sensitive uses consist of (a) a hospital for humans, (b) a public or 
private school for persons less than 21 years of age, (c) a day care center for children, or 
(d) any permanently occupied habitation other than those used for industrial purposes. If 
future redevelopment conditions warrant, UC may apply at a later time to remove a 
restriction or apply for a variance from the restriction. 

2. A deed restriction will mandate that future site soil disturbance or soil movement be 
conducted under the SMP provided in Attachment C of this RAW, and as described 
below.  

5.2.2  SMP Protocols 

The SMP has been prepared to support the LUCs by providing a framework to prohibit 
uncontrolled land excavation or disturbance activities which may expose workers or visitors to 
unsafe environmental contaminants. The SMP ensures that soils disturbed during future 
construction or redevelopment projects will be sampled and managed to ensure no uncontrolled 
exposures to unknown or unidentified contaminants within the RES Area occur. The SMP will 
be implemented for all future projects impacting subsurface soils and is included as 
Attachment C to this document. The SMP is intended to meet the requirement of excavation to 
commercial reuse for future projects. 
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The SMP prescribes protocols for DTSC notification; soil sampling, data analyses, soil 
management or disposal practices; and final reporting. DTSC notification is conducted through 
the submittal of SMP checklist forms throughout the process. Soil sampling is based on 
prescribed sampling frequency, depths, and chemicals which are determined based on the size 
and location of the proposed construction or maintenance project. Soil management and 
disposal practices are based on comparison of soil sample results to established management 
categories, and final reporting is conducted through submittal of a completion report once the 
project has been completed. The three primary components of the SMP and overview of the 
protocols are presented below. 

1. Project Description and Determination of Sampling. The first component of the SMP is 
providing descriptions of projects that may impact subsurface soils and are therefore 
subject to the SMP, including building demolition, construction, excavation, 
redevelopment, utility repair, or significant landscaping. BMPs and the determination 
of sampling needs will be identified and based on the project description. Small 
projects with minimal impacts to soil, such as minor landscaping, emergency utility 
repairs, small research installations, and other similar conditions, will be subject to 
sampling for worker health and safety and/or soil disposal under the oversight of UC 
EH&S.  

2. Sampling Design, Data Evaluation, and Soil Management. The SMP provides 
sampling protocols for projects requiring sampling in the previous step. Sampling 
protocols consist of identifying the number of sampling locations per defined area 
(density), sampling intervals (depths), and COCs to be analyzed by the laboratory. 
The protocols are based on the size of the proposed soil disturbance (horizontal and 
vertical) and history of area (former operations or previous sampling data). The SMP 
allows for UC EH&S to conduct soil sampling according to these protocols without 
requiring prior DTSC approval. If the specific protocols are not followed, UC EH&S 
will request approval of the sampling approach from DTSC.  

Following sampling activities, data will be compared to Category I and II criteria 
presented in Table 3-1 and the SMP (Attachment C). Soil with concentrations less 
than Category I criteria is suitable for on-site reuse. Soil with concentrations less than 
Category II criteria may be managed in place – which consists of being covered with 
2 feet of Category I soil, or managed beneath a roadway, parking, or building 
structure, thereby eliminating the exposure pathway to potential receptors. Soil with 
concentrations greater than Category II screening criteria will be properly profiled 
and disposed of off-site, or proposed to be managed in place with DTSC concurrence. 
UC EH&S will prepare appropriate internal documentation of soil management 
practices, including an excavation plan if appropriate. If soil is not managed 
according to these protocols, UC EH&S will request approval of the sampling 
approach from DTSC. 

3. Completion Reporting. Following completion of all sampling, soil management 
practices, and project completion, UC will prepare a report summarizing the 
sampling design, data results and evaluation, soil management practices, and final 
site conditions. UC EH&S will conduct reviews of the SMP at least annually during 
period when projects are occurring to evaluate protocols, notifications, and sampling 
requirements to ensure they continue to meet the intended purpose of the SMP. 
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Suggested improvements or changes to the SMP will be proposed to DTSC and 
documented formally as a part of the 5-year review process of the RAW. Copies of 
completed SMP Forms will also be included as a part of the 5-year review of the 
RAW. 

5.3  GROUNDWATER REMEDY 

The proposed groundwater remedy is composed of (1) monitoring natural attenuation of carbon 
tetrachloride at the western edge of the Coastal Terrace Prairie, (2) continued groundwater 
monitoring throughout the Site, (3) implementation of the remedy for TCE and its breakdown 
components originating from the former Zeneca site under the Site Investigation and 
Remediation Order (IS/E-RAO 06/07-005), and (4) implementation of Site-wide LUCs 
consisting of deed restrictions prohibiting groundwater extraction for purposes other than 
groundwater monitoring/treatment or construction dewatering. 

5.3.1  Carbon Tetrachloride Remedy 

The proposed alternative for the Carbon Tetrachloride Area includes MNA of groundwater. 
MNA would consist of installing up to 6 piezometers piezometer in and downgradient of the 
carbon tetrachloride plume. Any new piezometers installed will be incorporated into the Site 
groundwater monitoring program.  

5.3.1.1  Site Preparation  

Approval to proceed will be obtained, as needed, from regulatory agencies before commencing 
monitoring well installation action activities. Other site preparation activities include utility 
clearance, evaluation with current groundwater levels, and preparation of a health and safety plan 
(HSP).  

Permits and Notifications 
Land use actions within projects owned and controlled by the UC Regents are not subject to local 
municipal permits, such as tree and grading permits. The following notifications and permits will 
be prepared before implementation of the removal action:  

• EH&S will approve contractor personnel and subcontracts for access consistent with UC 
Berkeley policies 

• DTSC notification at least 14 days in advance of field work 

• On-site worker and employee notifications 

• Well construction permits from Contra Costa County Environmental Health Department 

EH&S will ensure that precautions are implemented to minimize any potential impacts to 
sensitive natural communities or grasslands identified in the NOS Area during the installation of 
monitoring wells. 

Utility Clearance 
Before well installation activities begin, an underground utility location service will be contacted 
to document utilities and a final visual inspection for subsurface utilities will be made, including 
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a review of drawings and site markings. Underground utilities will be cleared and marked on the 
ground with indications (standard colors, letters, and numbers) of the assumed type of utility 
using a private utility locator with assistance from UC Maintenance and Facilities staff. The 
location and type of utilities will also be compared with existing subsurface utility maps. This 
information will be provided to the EH&S for approval prior to excavation activities.  

Evaluation of Groundwater Levels 
The proposed monitoring wells will be installed downgradient of piezometer CTP. Groundwater 
level measurements will be collected from CTP and nearby piezometers B280B, B280A, B300, 
and GEO to get a sense of the general groundwater depth in the area during the installation to 
help place the well screens at the correct intervals. 

Preparation of a Health and Safety Plan 
All staff, consultants, or contractors entering the exclusion or decontamination zones during the 
excavation activities will read and comply with the requirements set forth in a site-specific HSP; 
subcontractors are required to either adopt the prime contractor’s HSP or prepare one of their 
own. All contractors will be responsible for operating in accordance with the most current 
requirements of Title 8, California Code of Regulations, Section 5192 and Title 29, CFR, Section 
1910.120 (29 CFR 1910.120), Standards for HAZWOPER. On-site personnel will be responsible 
for operating in accordance with all applicable regulations of the OSHA as outlined in 8 
California Code of Regulations General Industry and Construction Safety Orders and 29 CFR 
1910 and 29 CFR 1926, Construction Industry Standards, as well as other applicable federal and 
state laws and regulations. All personnel working at the site shall have reviewed and signed the 
HSP, and a safety meeting shall be conducted at the beginning of each work day to review 
potential site hazards and safe working procedures. 

5.3.1.2  Groundwater Monitoring Well Installation  

Six piezometers will be installed in accordance with the Phase I FSW (Tetra Tech 2010). 
Cuttings and well screen placement will be logged by a geologist. Boreholes will be drilled with 
a hollow-stem auger drill rig. The screened interval of the piezometers will be 10 feet, positioned 
so that the screen interval extends 2 feet above the estimated groundwater table.  

Wells will be constructed from 2-inch-diameter schedule 40 polyvinyl chloride (PVC) blank 
casing with 2-inch-diameter schedule 40 PVC screen with 0.01-inch slot size. Soil samples will 
be collected for analysis of VOCs during the well installation based on readings from a 
photoionization detector (PID) or every 5 feet. The wells will be developed according to the 
protocols in the Phase I FSW (Tetra Tech 2010). 

All IDW generated will be drummed and sampled and disposed of off-site at an appropriately 
permitted landfill facility based on waste characterization sampling results.  

5.3.1.3  Evaluation of Effectiveness  

The effectiveness of MNA will be evaluated based on a weight-of-evidence approach consisting 
of the following factors: 

• Changes in chemical concentrations of carbon tetrachloride and its degradation products 
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• Changes in wells with detected concentrations 

• Changes in groundwater gradient direction or magnitude 

• Chemical parameters including: dissolved oxygen, ORP, pH, nitrate, sulfate, sulfide, iron 
(II), methane, total organic carbon, temperature, carbon dioxide, alkalinity, chloride, and 
hydrogen  

These factors will be used to evaluate whether the estimated chemical plume boundaries have 
expanded, contracted, or stabilized over time. In the event that the factors indicate that plume 
concentrations are increasing or that the plume boundaries are expanding, then recommended 
remedy would include assessment for implementation of a permeable barrier or ISB (as 
discussed in Alternatives GW-2 or GW-3) as contingency measures. 

On-going monitoring for groundwater impacted by carbon tetrachloride will continue under the 
groundwater monitoring program described below, in addition to any additional monitoring 
deemed necessary to evaluate the continued effectiveness of the selected remedy. Additional 
monitoring will be determined based the evaluation of results from the new monitoring wells 
installed. 

5.3.2  Site-Wide Groundwater Monitoring 

Groundwater throughout the Site, including the carbon tetrachloride and TCE-impacted areas, 
will continue to be monitored under the on-going Site-wide groundwater monitoring program 
(Tetra Tech 2013). In addition to the analytes monitored in previous years, samples will be 
collected from wells in the Carbon Tetrachloride Area for MNA parameters, carbon 
tetrachloride, and carbon tetrachloride degradation daughter products to assess whether natural 
attenuation is occurring at the Carbon Tetrachloride Area, consistent with Section 5.3.1.  

5.3.3  TCE Treatment and Monitoring 

The remedy for contaminants in groundwater originating from the former Zeneca Site, including 
TCE and its breakdown components, is subject to the former Zeneca Site Investigation and 
Remediation Order (IS/E-RAO 06/07-005) and will meet the RAOs identified for groundwater.  

On-going monitoring for groundwater impacted by TCE will continue under the current Site-
wide groundwater monitoring program, in addition to any requirements necessary for 
contaminants in groundwater originating from the former Zeneca Site subject to the former 
Zeneca Site Investigation and Remediation Order (IS/E-RAO 06/07-005). 

5.3.4  LUCs for Groundwater 

LUCs that restrict use of the property to prohibit activities that could result in human exposure to 
contaminated soil, groundwater, or vapors will be recorded in the property deed, including all 
areas discussed in this RAW. The LUCs for groundwater would consist of a deed restriction 
recorded to prohibit groundwater extraction and beneficial use of groundwater, except for 
dewatering or treatment purposes during construction activities.   
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6.0  CALIFORNIAL ENVIRONMENTAL QUALITY ACT CONSIDERATIONS 

The UC has prepared a draft EIR which evaluates the potential for environmental impacts from 
implementation of the proposed Richmond Bay Campus LRDP. The EIR is a public 
informational document for use by UC decision-makers and the public, as it informs the UC 
Regents, responsible agencies, trustee agencies, and the public of the proposed project’s 
environmental effects. The EIR is intended to identify, publicly disclose and evaluate potential 
environmental consequences of the proposed project presented in the LRDP, to identify 
mitigation measures that would lessen or avoid significant adverse impacts, and to examine 
feasible alternatives to the project. 

The CEQA requires that before a decision can be made by a state or local government agency to 
approve a project that may have significant environmental effects, an EIR must be prepared that 
fully describes the environmental effects of the project. Pursuant to Public Resources Code 
Section 21080.09, the UC is required to prepare an EIR when an LRDP is prepared or updated.  

6.1  PROJECT DESCRIPTION AND EIR CONTENT 

The UC proposes to establish a new major research campus at properties it owns in Richmond, 
California, as described in the LRDP. The LRDP is a joint proposal of the UC, as the operating 
and management contractor of the LBNL and the UC Berkeley. The campus would provide for 
development of additional facilities for use by LBNL and UC Berkeley, and foster opportunities 
and synergisms between LBNL, UC Berkeley, and institutional or industry counterparts to 
conduct energy, environment, and health related research and development. 

The Richmond Bay Campus site would continue to be owned by the UC, but some of the 
facilities developed on the Richmond Bay Campus site would be used by LBNL to accomplish 
the missions and activities assigned and funded by U.S. Department of Energy. Because the 
Richmond Bay Campus would be a joint use campus, some of the existing buildings as well as 
new buildings on the Richmond Bay Campus site would be occupied by UC Berkeley teaching 
and research programs. 

The LRDP addresses sustainability, land use, access and circulation, utilities and infrastructure, 
and open space and landscaping, and provides for development of up to 5.4 million square feet of 
new research, development, and support space at the site and an employee population of 10,000 
at full implementation of the LRDP in the year 2050. The adoption of an LRDP does not 
constitute a commitment to, or final decision to implement, any specific project, construction 
schedule, or funding priority; the LRDP provides guidelines for future development. 

In addition analyzing the impacts of construction and operation associated with development 
under the LRDP, the 2014 LRDP EIR evaluates historic contamination at developable portions 
of the proposed Richmond Bay Campus site within the RFS Site currently subject to a DTSC site 
cleanup and investigation order. The discussion of cleanup activities presented in the EIR 
includes the activities in this RAW. The EIR references DTSC approval of this RAW as a 
requirement of the RAW actions addressing historic contamination at the RFS Site.  
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6.2  ROLES AND RESPONSIBILITIES 

The UC is the lead agency for the EIR that examines the overall effects of implementation of the 
proposed 2014 LRDP for purposes of CEQA. The EIR was prepared pursuant to the applicable 
provisions of the CEQA and its implementing guidelines (CEQA Guidelines), and the UC 
Procedures for Implementation of the California Environmental Quality Act (UC CEQA 
Procedures).  

DTSC is the responsible agency for the activities described in the RAW, as discussed in the 
LRDP and EIR. The responsible agency is the public agency which proposes to carry out or 
approve a project, for which a lead agency has prepared an EIR. For the purposes of CEQA, the 
term "responsible agency" includes all public agencies other than the lead agency which have 
discretionary approval power over the project. 

The EIR provides information that will inform DTSC decision-making on the actions identified 
within this RAW for addressing historic pollutants within portions of the RFS Site proposed for 
development and currently subject to the DTSC site investigation and remediation order. 

6.3  CEQA PROCESS 

On January 3, 2013, the UC sent a copy of the Notice of Preparation (NOP) for the draft EIR to 
governmental agencies, organizations, and interested persons for a 30-day review. The NOP was 
circulated through the Office of Planning and Research, State Clearinghouse. The UC held a 
public scoping meeting on January 23, 2013. The public scoping period ended on 
February 3, 2013. 

On November 15, 2013, the UC issued the draft 2014 LRDP and the draft 2014 LRDP EIR. An 
earlier draft of the LRDP was published for community review in August 2013. The EIR was 
circulated through the Office of Planning and Research, State Clearinghouse. A 60-day public 
review period is scheduled to occur through January 15, 2014, including a public hearing to be 
conducted on December 11, 2013. 

Following the 60 day public review period, comments on the adequacy of the draft EIR, 
submitted within the review period, will be addressed in the Final EIR. The Final EIR will 
include the responses to draft EIR comments, a mitigation monitoring and reporting program, 
any changes made to the EIR, and any additional information concerning the project. The UC 
Regents will then consider the Final EIR prior to taking any action to approve, modify, or reject 
the project. Before taking action on the proposed project, the UC Regents must certify the Final 
EIR, adopt CEQA Findings, and approve the Mitigation Monitoring and Reporting Program. 

Following the UC Regents’ certification of the Final EIR, DTSC will consider the RAW for 
approval, subject to input, comments, and changes occurring as a result of the RAW and EIR 
public review processes. The RAW public review process is presented in Section 7.0 Public 
Participation. 
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7.0  PUBLIC PARTICIPATION 

Following initial review by and incorporation of DTSC comments, this RAW will be made 
available for public review at the RFS environmental website at http://rfs-env.berkeley.edu, at 
the information repository at the Richmond Public Library, at the DTSC office, and on DTSC’s 
Envirostor website. A fact sheet will be prepared to provide information about the proposed 
removal action, including information about the history, levels of contaminants found, possible 
health effects from contaminant exposures, proposed removal action activities, precautions to 
minimize worker exposure, controls to reduce dust, truck route for off-site disposal of excavated 
materials, public participation activities, and contact information.  

The public review period for this document is November 25, 2013 through January 10, 2014. 
DTSC will provide notification of a public meeting to be conducted on December 5, 2013 to 
gather community input on the proposed alternatives. Following completion of the public 
comment period, the RAW will be revised, as necessary, in response to the comments received. 
Substantive comments will be summarized in a responsiveness summary within the final RAW. 
If significant changes are not required, DTSC will then approve the RAW and proposed 
alternatives for implementation, consistent with the LRDP EIR process presented in Section 6.0.  

  

http://rfs-env.berkeley.edu/
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FIGURE 1-1
RICHMOND BAY CAMPUS

LOCATION MAP
Removal Action Workplan

Source: 
Adopted from Figure 1, LRDP Land Use Plan, in:  LBNL. 2013. 
Notice of Preparation, Draft Environmental Impact Report,
Richmond Bay Campus 2013 Long Range Develpment Plan
and Phase 1 Development, Richmond Bay Campus, Richmond
Field Station.  January 4.
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FIGURE 1-2
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FIGURE 1-3
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FIGURE 2-4
LOCATION OF FORMER AND
CURRENT FACILITIES IN THE
CENTRAL PORTION OF SITE
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FIGURE 2-5
LOCATION OF FORMER AND
CURRENT FACILITIES IN THE
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FIGURE 2-6
HISTORICAL BUSINESS,

MANUFACTURING AREAS, AND
SITE FEATURE LOCATIONS -

FORMER ZENECA SITE
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FIGURE 2-8
RES AREA SOIL SAMPLING LOCATIONS
WITH REMEDIAL GOAL EXCEEDANCES
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FIGURE 2-9
GROUNDWATER SAMPLING LOCATIONS

WITH COMMERCIAL VI
RBC EXCEEDANCES
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3
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#*#*#*#*
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4

CY15

CY14 CY13

CY02

CY01

0 20

Feet

0 50

Feet

0 30

Feet

0 30

Feet

Point ID Depth (ft bgs)

B11202 0-0.5 0.29 U 0.29 U

B11202 1.5-2 0.036 U 0.036 U

B11206 0-0.5 0.012 U

B11206 1.5-2 0.0024 UJ 0.14 J 0.0044 UJ 0.14

B11206 3-3.5 0.0012 UJ 0.04 J 0.0022 UJ 0.04

B11207 0-0.5 0.0012 U 0.0073 J 0.0022 U 0.0073

B11207 1.5-2 0.0012 U 0.007 J 0.0022 U 0.007

B11207 3-3.5 0.0012 UJ 0.00078 UJ 0.0022 UJ 0 U

B11207 3-3.5 - Dup 0.0012 U 0.00078 U 0.0022 U 0 U

B11208 0-0.5 0.03 U 0.055 U

B11208 1.5-2 0.012 U 0.19 0.022 U 0.19

B11208 3-3.5 0.0012 U 0.14 0.0022 U 0.14

B11209 0-0.5 0.12 U 0.22 U

B11209 1.5-2 0.012 U 0.022 U

B11209 3-3.5 0.0012 U 0.13 0.0022 U 0.13

Point ID Depth  (ft bgs)

B15001 0-0.5 0.037 U 0.037 U

B15001 1.5-2 0.039 U 0.039 U 0.039 U 0 U

B15002 0-0.5 0.037 U 0.028 J 0.036 J 0.064

B15002 1.5-2 0.04 U 0.04 U 0.04 U 0 U

B15006 0-0.5 0.035 U 0.028 J 0.034 J 0.062

B15006 1.5-2 0.04 U 0.04 U 0.04 U 0 U

B15008 0-0.5 0.0012 U 0.052 0.0022 U 0.052

B15008 1.5-2 0.0012 U 0.018 0.0022 U 0.018

B15009 0-0.5 0.033 U 0.021 U

B15009 1.5-2 0.0012 UJ 0.14 J 0.0022 UJ 0.14

B15010 0-0.5 0.0034 U 0.048 0.0062 U 0.048

B15010 1.5-2 0.0012 U 0.024 0.0022 U 0.024

B15010 1.5-2 - Dup 0.0012 U 0.023 0.0022 U 0.023

Aroclor-1248 Aroclor-1254 Aroclor-1260 Total Aroclors

0.64

1.4

4.5

0.56

0.64

1.4

4.5

0.56

Aroclor-1248 Aroclor-1254 Aroclor-1260 Total Aroclors

1.7 1.7

35

0.022

35

24 24

2.2 2.2

Point ID Depth (ft bgs)

CY01 0-0.5 0.72 0.035 U 0.72

CY01 2-2.5 0.041 U 0.041 U 0 U

CY01 4-4.5 0.042 U 0.042 U 0 U

CY01 6-6.5 0.038 U 0.038 U 0 U

CY02 0-0.5 0.2 0.035 U 0.2

CY02 2-2.5 0.038 U 0.038 U 0 U

CY02 4-4.5 0.042 U 0.042 U 0 U

CY02 4-4.5 0.043 U 0.043 U 0 U

CY02 6-6.5 0.038 U 0.038 U 0 U

CY03 0-0.5 0.036 U

CY03 2-2.5 0.038 U 0.038 U 0 U

CY03 4-4.5 0.04 U 0.04 U 0 U

CY03 6-6.5 0.04 U 0.04 U 0 U

CY05 0-0.5 0.037 U

CY05 2-2.5 0.038 J 0.038 U 0.038

CY05 4-4.5 0.04 U 0.04 U 0 U

CY05 6-6.5 0.041 0.038 U 0.041

CY06 0-0.5 0.18 U

CY06 0-0.5 0.18 U

CY06 2-2.5 0.039 U 0.039 U 0 U

CY06 2-2.5 0.039 U 0.039 U 0 U

CY06 4-4.5 0.04 U 0.04 U 0 U

CY06 4-4.5 0.04 U 0.04 U 0 U

CY06 6-6.5 0.04 U 0.04 U 0 U

CY06 6-6.5 0.04 U 0.04 U 0 U

CY08 0-0.5 0.035 U 0.033 J 0.033

CY08 2-2.5 0.04 U 0.04 U 0 U

CY08 4-4.5 0.042 U 0.042 U 0 U

CY08 6-6.5 0.039 U 0.039 U 0 U

CY13 0-0.5 0.0043 U

CY13 2-2.5 0.0054 J 0.0022 UJ 0.0054

CY14 0-0.5 0.0017 J 0.0022 U 0.0017

CY14 0-0.5 0.00078 UJ 0.0022 UJ 0 U

CY14 2-2.5 0.00078 UJ 0.0022 UJ 0 U

CY15 0-0.5 0.021 U 0.8 0.8

CY15 2-2.5 0.0044 J 0.0022 UJ 0.0044

CY16 0-0.5 0.064 0.0043 U 0.064

CY16 2-2.5 0.00078 UJ 0.0022 UJ 0 U

CY17 0-0.5 0.054 J 0.0022 UJ 0.054

CY17 2-2.5 0.00078 UJ 0.0022 UJ 0 U

CY18 0-0.5 0.072 J 0.0022 UJ 0.072

CY18 0-0.5 0.045 J 0.0022 UJ 0.045

CY18 2-2.5 0.0031 J 0.0022 UJ 0.0031

CY22 0-0.5 0.019 0 0.0022 U 0.019

CY22 2-2.5 0.055 J 0.0022 UJ 0.055

CY23 0-0.5 0.6 0.055 UJ 0.6

CY23 2-2.5 0.36 0.055 U 0.36

CY24 0-0.5 0.082 0.0022 U 0.082

CY24 2-2.5 0.014 0.0022 U 0.014

CY25 0-0.5 0.00078 U 0.0022 U 0 U

CY25 2-2.5 0.00078 U 0.0022 U 0 U

CY26 0-0.5 2.2 U

CY26 2-2.5 0.22 U

CY26NW 0-0.5 0.022 U

CY26SW 0-0.5 0.22 U

CY26W 0-0.5 0.22 U

CY39 0-0.5 0.062 0.0022 U 0.062

CY39 2-2.5 0.17 J 0.0022 UJ 0.17

12

8.3

1.1

7.2

110110

8.3

7.2

12

1.1

4.3 4.3

3.33.3

5.4

5.5

5.4

5.5

Total AroclorsAroclor-1260Aroclor-1254

2.32.3

,

Notes:
Results in table are presented in mg/kg.

1

2

bgs
cy
DTSC
Dup
EST
ft
J
MFA
mg/kg      
PCB
RES
RFS
TSCA
U

Total PCB concentration is the sum of detected
concentrations of Aroclors-1248, -1254, and -1260
in each sample. The maximum concentration at each
location is represented.
Results for locations ES3-23, SD2-6, SD2-13, and SSD-1
are not presented in the tables and are not proposed
for cleanup because they are not associated with
any transformer area or any transformer maintenance
activities.
Below ground surface
Cubic yards
California Department of Toxic Substances Control
Duplicate Sample
Estimated
Feet
Estimated
Mercury Fulminate Area
Milligram per kilogram
Polychlorinated biphenyl
Research, Education & Support
Richmond Field Station
Toxic Substances Control Act
Not Detected

Excavation Site EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

1A 1 58 2.15

1B 2.5 16 1.48

2 1 25 0.93

3 1 25 0.93

4 1 25 0.93

5 1 25 0.93

6A 1 92 3.41

6B 3 25 2.78

7 1 25 0.93

Total 316 14.45

susan.gallagher
Sticky Note
Is this 0 here for a reason?

susan.gallagher
Sticky Note
should there be a double line here?
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FIGURE 4-2
PROPOSED UNRESTRICTED

REMEDIATION AREAS IN MFA

Richmond Bay Campus
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Removal Action Workplan

Soil Sampling Locations

# All Analyte Concentrations < Unrestricted RBCs or Background

# Mercury Concentrations ≥ 22.8 mg/kg (Unrestricted RBC)

!( PCB Concentrations ≥ 1 mg/kg (TSCA High Occupancy, No Conditions)

}E Dioxin Concentrations ≥ Unrestricted RBC or Background¹

|E Metals Concentrations ≥ Unrestricted RBC or Background¹

{E PAH Concentrations ≥ Unrestricted RBC or Background¹

zE Pesticide Concentrations ≥ Unrestricted RBC or Background¹

Proposed MFA Excavation Footprint and Depth (ft bgs)

1 ft

2 ft

3 ft

5 ft

8 ft

10 ft

PCB Excavation Footprint and Depth (ft bgs)²

1 ft

2.5 ft

Boundaries

Building 112 Transformer Area

MFA

Former California Cap Company Facilities/Buildings

Former California Cap Company Facility/Building

Former Pacific Cartridge Company Building

Former U.S. Briquette Company Building

Remediated Areas

Research, Education & Support Area within the Site

Portion of RFS Property Subject to DTSC order, Defined as "Site"

Existing Building

Roads and Other Landscape Feature

Fenceline

Slurry Wall

Asphalt/Concrete Pads

Surface Water

Sanitary Sewer Lines:

Existing Sewer Line

Removed Sewer Line

Abandoned Sewer Line

Storm Drain Lines:

Open Swale

Underground Culvert

Underground Culvert, Abandoned (Grouted at Manholes)

MFA

MFA Proposed Excavation Areas EST. Depth (ft. bgs) EST. Area (ft
2
) EST. Volume (cy)

1 1 6247 231

2 5 1208 224

3 5 400 74

4 3 3629 403

5 3 1160 129

6 3 18540 2060

7 3 2547 283

8 2 5728 424

9 1 400 15

10 1 11759 436

11 10 2814 1042

12 5 33281 6163

13 8 2896 858

14 8 4159 1232

15 3 400 44

16 3 476 53

17 3 400 44

18 3 5421 602

TOTAL 101466 14317

Asphalt Pad C 5 71107 2634

PCB Excavation in MFA
2

EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

1A 1 58.33 2.15

1B 2.5 16 1.48

Total 74 3.63

Notes:
1

2

BAP(EQ)
bgs
cy
DTSC
EST
ft
MFA
mg/kg
PAH
PCB
RBC
TEQ
TSCA

Other analytes that exceed an unrestricted RBC concentration
include arsenic, BAP(EQ), cadmium, chlordane, copper, dioxin(TEQ),
lead, manganese, and thallium. Concentrations of cadmium,
chlordane, copper, and manganese exceeded unrestricted use
RBCs at two or fewer locations.

Excavation of PCB-Impacted soil will be conducted as a separate
action and is not a component of this alternative. See Figure 4-1.

Benzo(a)pyrene equivalent
Below ground surface
Cubic yard
Department of Toxic Substances Control
Estimated
Feet
Mercury Fulminate Area
Milligrams per kilogram
Polycyclic aromatic hydrocarbon
Polychlorinated biphenyl
Risk-Based Concentration
Toxic equivalent quotient
Toxic Substances Control Act
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MFA35

Asphalt Pad C

B10
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MFA34

MF2-6

MFA45

MF2-13

MFA44

B1

MFA49

MF2-16

MFA50

MF2-12

MF2-5

MFA46

MF2-11

MFA47

MF2-10

MF2-17

MFA43

MFA36NW

MFA36W

Powder Dry House

B47

Asphalt Pad C

MF109

MFA42

MF2-4

B5

MF110

B9

MFA41

B3

MF2-21

MF108

B13 MF101

MF2-8

MF2-9

MFA23
B1MFMFA24

MF3-6

MF2-7

B12

MFA26-FR3

MFA26-FR2

MFA26-FR1

MF111

MFA31

MFA32

MF102

B8

MFA40
B2

MFA22

B11

MF112

MF3-5

B6

PB19
B7

MF2-20

B13SH

A4-7

2AU-7

2AU-6

MF3-7

MFA12-FR1

MF105

MFA12-FR2

MFA12-FR3

B2MF

BLDG 110-1

MFA38

BLDG 110-2

MFA30

MFA21

MFA11

MF113

MF103

MFA05

MF3-8

MF2-2

MFA04

MF3-1

2AU-23

2AU-9

2AU-31

2AU-25

2AU-24
MF3-9

MF2-14

MFA10

MFA20
MF2-1

MFA19

MFA18

MFA37

BLDG 102-2

MF2-15

B48

MFA03-FR1

MFA03-FR3

MFA03-FR2

MF2-18 BLDG 102-4

BLDG 102-3

MFA09

MFA02

MF3-10

MF4-1

MFA39-FR2MFA39-FR3

MFA39-FR1

A

A'

B11209B11202

B11208

B11206

1A
1B

Asphalt Pad C

Asphalt Pad B

102

112
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2013-11-21 V:\Misc_GIS\Richmond_Field_Station\Projects\RAW\Layouts\Proposed Commercial Remediation Areas in MFA.mxd TtEMI-OAK carolyn.ferlic.

Soil Concentrations

# Mercury concentrations < 275 mg/kg (Commercial RBC)

#* Mercury concentrations ≥ 275 mg/kg (Commercial RBC)

!( PCB concentrations ≥ 1 mg/kg (TSCA High Occupancy, No Conditions)

Proposed MFA Excavation Footprint and

Removal Thickness (feet bgs)¹˒²

3 ft

5 ft

8 ft

10 ft

PCB Excavation Footprint and Depth (feet bgs)³

1 ft

2.5 ft

Area Boundary

Building 112 Transformer Area

!A Piezometer Groundwater Monitoring Well

A-A’ Cross Section (see Figure 4-4)

Historic Drainage Ditch

Removed or Relocated Building (RFS)

Former California Cap Company
Buildings (Approximate)

Remediated Areas

Existing Buildings

Roads and Other Landscape Features

Fenceline

Former Seawall (Approximate)

Asphalt/Concrete Pads

Sanitary Sewer Lines:

Existing Sewer Line

Removed Sewer Line

Abandoned Sewer Line

Storm Drain Lines:

Open Swale

Underground Culvert

Underground Culvert, Abandoned
(Grouted at manholes)

Removal Action Workplan

0 30

Feet

FIGURE 4-3
PROPOSED COMMERCIAL

REMEDIATION AREAS IN MFA

MFA

Richmond Bay Campus

Point ID Depth (ft) Result

B12 4.2-7.2 180

B13 0-3 7.4

B1MF 5.5-5.5 317

B2MF 1.15-1.15 11

B2MF 1.5-1.5 4.39

B2MF 4-4 2.6

B2MF 6.5-6.5 0.46

B2MF 9-9 0.12

B2MF 11.5-11.5 1.63

B2MF 14-14 2.03

B5 1.81-4.81 19

MF101 4.59-4.59 45

MF101 6.59-6.59 54

MF101 9.59-9.59 67

MF103 0-0 50

MF103 1.76-1.76 11

MF103 4.76-4.76 13

MF105 0-0 4.6

MF105 1.85-1.85 15

MF105 4.85-4.85 9.2

MF108 4.31-4.31 220

MF108 8.31-8.31 11

MF108 11.31-11.31 0.33

MF2-18 0.5-0.5 370

MF2-18 2.5-2.5 11

MF2-18 4-4 180

MF2-18 7.5-7.5 0.098

MF2-18 10.5-10.5 0.11

MF2-20 0.27-0.27 470

MF2-20 1.77-1.77 380

MF2-20 3.27-3.27 82

MF2-20 4.77-4.77 38

MF2-20 6.77-6.77 17

MF2-8 10.77-10.77 370

MF2-8 12.77-12.77 810

MF2-8 14.27-14.27 360

MF2-9 5-5 1100

MF2-9 7.5-7.5 2.5

MF2-9 10.5-10.5 22

MF2-9 12.5-12.5 0.29

MF2-9 15-15 55

MF2-9 16.5-16.5 3.1

MF2-9 17-17 0.91

MF2-9 19-19 0.61

MF3-10 0-0.5 930

MF3-10 2-2.5 8.1

MF3-10 4-4.5 940

MF3-10 4-4.5 0.15

MF3-10 6-6.5 0.1

MF3-10 8-8.5 0.13

MF3-10 9.5-10 0.13

MF4-1 0-0.5 75

MF4-1 2-2.5 0.15

MF4-1 4-4.5 1

MF4-1 6-6.5 0.035

MF4-1 7.5-8 0.053

MFA03-FR2 0-0.5 230

MFA03-FR2 2-2.5 120

MFA03-FR2 4-4.5 57

MFA03-FR2 6-6.5 76

MFA03-FR3 0-0.5 3.2

MFA03-FR3 2-2.5 20

MFA03-FR3 4-4.5 22

MFA03-FR3 6-6.5 14

MFA11 0-0.5 990

MFA11 0-0.5 47

MFA11 2-2.5 28

MFA11 4-4.5 8.6

MFA11 6-6.5 2.8

MFA12-FR1 0-0.5 14

MFA12-FR1 2-2.5 0.036J

MFA12-FR1 2-2.5 8800

MFA12-FR1 4-4.5 5.7

MFA12-FR1 6-6.5 0.31

MFA12-FR1 8-8.5 0.26

MFA12-FR1 10-10.5 42

MFA12-FR1 12-12.5 16

Point ID Depth (ft) Result

MFA12-FR2 0-0.5 13

MFA12-FR2 2-2.5 0.034J

MFA12-FR2 4-4.5 1.4

MFA12-FR2 6-6.5 5.9

MFA12-FR2 8-8.5 22

MFA12-FR2 10-10.5 180

MFA12-FR2 12-12.5 0.53

MFA12-FR3 0-0.5 21

MFA12-FR3 2-2.5 920J

MFA12-FR3 4-4.5 5.9

MFA12-FR3 6-6.5 0.19

MFA12-FR3 8-8.5 5.2

MFA12-FR3 10-10.5 1.6

MFA12-FR3 12-12.5 400

MFA21 0-0.5 150

MFA21 2-2.5 9.2

MFA21 4-4.5 23

MFA21 6-6.5 2.5

MFA21 8-8.5 0.11J

MFA21 10-10.5 0.3

MFA21 12-12.5 0.059J

MFA22 0-0.5 96

MFA22 2-2.5 80

MFA22 4-4.5 23

MFA22 6-6.5 3.1

MFA22 8-8.5 0.55

MFA22 10-10.5 0.42

MFA22 12-12.5 1.7

MFA23 2-2.5 110

MFA23 3.5-4 2.5

MFA23 5.5-6 580

MFA23 7.5-8 27

MFA23 9.5-10 11

MFA23 11.5-12 190

MFA23 13.5-14 87

MFA23 15.5-16 140

MFA24 3.3-3.8 0.31

MFA24 4-4.5 1.3

MFA24 5.3-5.8 250

MFA24 6-6.5 650

MFA24 7.3-7.8 550

MFA24 8-8.5 900

MFA24 9.3-9.8 1200

MFA24 10-10.5 890

MFA24 11.3-11.8 750

MFA24 13.3-13.8 260

MFA24 15.3-15.8 180

MFA26-FR1 0-0.5 5.4

MFA26-FR1 2-2.5 7.3

MFA26-FR1 4-4.5 13

MFA26-FR1 6-6.5 1.7

MFA26-FR1 8-8.5 1.3

MFA26-FR1 10-10.5 3.9

MFA26-FR1 12-12.5 1.4

MFA26-FR2 0-0.5 12

MFA26-FR2 2-2.5 61

MFA26-FR2 4-4.5 38

MFA26-FR2 6-6.5 1.7

MFA26-FR2 8-8.5 0.19

MFA26-FR2 10-10.5 3.6

MFA26-FR2 12-12.5 2.5

MFA26-FR3 0-0.5 5.3

MFA26-FR3 2-2.5 300

MFA26-FR3 4-4.5 9

MFA26-FR3 6-6.5 0.3

MFA26-FR3 8-8.5 2.8

MFA26-FR3 10-10.5 2

MFA26-FR3 12-12.5 1.9

MFA42 3.6-4.1 2.7

MFA42 5.6-6.1 0.22

MFA42 7.6-8.1 0.17

MFA42 9.6-10.1 540

MFA42 11.6-12.1 18

MFA42 13.6-14.1 5.5

MFA42 15.6-16.1 0.22

MFA Excavation Areas

EST. Depth of

�ǆĐĂǀ ĂƟŽŶ�;Ō͘ �ďŐƐͿ�Ϸ०ϸ

EST. Removal

Thickness (ft) ²

EST. Thickness of Clean

overburden (ft) ² EST. Area (ft2) EST. Volume (cy)

1 10 8 2 466 138

2 3 3 0 2505 278

3 3 3 0 356 40

4 3 3 0 848 94

5 5 5 0 274 51

6 5 to 9 5 0 to 4 779 144

7 10 to 14 10 0 to 4 1231 456

8 5 5 0 1253 232

TOTAL 7712 1433

PCB Excavation in MFA³ EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

1A 1 58.33 2.15

1B 2.5 16 1.48

Total 74 3.63

Depths shown are feet below current ground surface.

Clean overburden in the excavations under existing Asphalt
Pad C (Areas 1, 6 and 7) will be set aside and reused.
Estimated removal thickness and volume does not include
the clean overburden.

Excavation of PCB-impacted soil will be conducted as a separate
action and is not a component of this alternative. See Figure 4-1.

Cubic Yard
Estimated

feet below ground surface
Estimated concentration
Mercury Fulminate Area
Milligrams per kilogram
Polychlorinated biphenyl
Risk-based concentration
Richmond Field Station
Toxic Substances Control Act

Notes:
1

2

3

cy
EST.
ft bgs
J
MFA
mg/kg
PCB
RBC
RFS
TSCA
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MFA CROSS SECTION

Removal Action Workplan

Proposed Excavation Areas

Asphalt Pad C (to show former
topography before placement)

Sampled Interval - Mercury concentration < 275 mg/kg

Soil Boring with sampled interval

Estimated minimum and maximum groundwater
levels based on November 2010, October 2011,
April 2011, and April 2012 data

Richmond Bay Campus

TETRA TECH

NOTES

Sampled Interval - Mercury concentration > 275 mg/kg

Portion of Asphalt Pad C to be
excavated

Soil Boring with field replicate in interval

Soil Boring with two samples in interval

MSL mean sea level

mg/kg milligrams per kilogram

1. Location MFA12 has field replicates and an
additional sample for the 2.0 to 2.5 feet bgs
interval.

bgs below ground surface

See Figure 4-3 for a detailed version of the
excavation area.

1

1

1
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Proposed Asphalt Cap

Soil Concentrations
# Mercury concentrations < 275 mg/kg (Commercial RBC)

#* Mercury concentrations ≥ 275 mg/kg (Commercial RBC)

!(
PCB concentrations ≥ 1 mg/kg (TSCA High Occupancy, 
No Conditions)

PCB Excavation Footprint and Depth (feet bgs)¹˒²

1 ft

2.5 ft

Building 112 Transformer Area

!A Piezometer Groundwater Monitoring Well

Historic Drainage Ditch

Removed or Relocated Building (RFS)

Former California Cap Company
Buildings (Approximate)

Remediated Areas

Existing Buildings

Roads and Other Landscape Features

Fenceline

Former Seawall (Approximate)

Asphalt/Concrete Pads

Sanitary Sewer Lines:

Existing Sewer Line

Removed Sewer Line

Abandoned Sewer Line

Storm Drain Lines:

Open Swale

Underground Culvert

Underground Culvert, Abandoned
(Grouted at manholes)

Removal Action Workplan

0 30

Feet

FIGURE 4-5
PROPOSED ASPHALT

CAP AREA IN MFA

MFA

Richmond Bay Campus

Depths shown are feet below current ground surface.

Excavation of PCB-impacted soil will be conducted as a separate
action and is not a component of this alternative. See Figure 4-1.

Cubic Yard
Estimated
Feet
feet below ground surface
Mercury Fulminate Area
Milligrams per kilogram
Polychlorinated biphenyl
Risk-based concentration
Richmond Field Station
Toxic Substances Control Act

Notes:
1

2

cy
EST.
ft
ft bgs
MFA
mg/kg
PCB
RBC
RFS
TSCA

PCB Excavation in MFA
2

EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

1A 1 58.33 2.15

1B 2.5 16 1.48

Total 74 3.63



FIGURE 4-6
PROPOSED UNRESTRICTED USE

REMEDIATION AREAS IN THE
CORPORATION YARD

Richmond Bay Campus

Removal Action Workplan
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178

197
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198

116

Corporation Yard

Research, Education &
Support Area

Existing Buildings

Roads and Other Landscape
Features

Fenceline

Former Seawall (Approximate)

Asphalt/Concrete Pads

Surface Water

Existing Sewer Line

Removed Sewer Line

Abandoned Sewer Line

Soil Sample Locations¹

#
All Analyte Concentrations < Unrestricted
Use RBCs

PCB Concentrations³ ≥ 1 mg/kg (TSCA High
Occupancy, No Conditions)

Lead Concentrations¹ ≥ 80 mg/kg
(Unrestricted Use RBC)

Dioxin TEQ Concentrations¹ ≥ 0.00000448
mg/kg (Unrestricted Use RBC)

BAP (EQ) Concentrations¹ ≥ 0.4 mg/kg
(Background)

Arsenic Concentrations¹ ≥ 16 mg/kg
(Background)

Cobalt, Copper, Dieldrin, or Manganese
Concentrations²  ≥ Unrestricted Use RBC

0 60 120

Feet

Proposed CY Excavation Footprint and Depth (ft bgs)

1 ft

3 ft

Proposed PCB Excavation Footprint and Depth (ft bgs)³

1 ft

3 ft

Notes:
1. The maximum concentration at each location is represented.

2. Concentrations of cobalt, copper, manganese, or dieldrin
 exceeded unrestricted use RBCs at locations indicated; for all
four chemicals, concentrations were exceeded at two or fewer
locations. 
The unrestricted RBCs for these analytes are as follows:
Cobalt - 22.7 mg/kg
Copper - 3,040 mg/kg
Dieldrin - 0.034 mg/kg
Manganese - 1,780 mg/kg

3. Excavation of PCB-impacted soil will be conducted as a separate 
    action and is not a component of this alternative. See Figure 4-1.

BAP(EQ)
bgs
CY
cy
DTSC
EST
ft
mg/kg  
PCB
RBC
TEQ
TSCA

Benzo(a)pyrene equivalent
below ground surface
Corporation Yard
Cubic yards
Department of Toxic Substances Control
Estimated
Feet
Milligram per kilogram
Polychorinated biphenyl
Risk-Based Concentration
Toxic equivalent quotient
Toxic Substances Control Act

PCB Excavation in CY³ EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

3 1 25 0.93

4 1 25 0.93

5 1 25 0.93

6A 1 92 3.41

6B 3 25 2.78

7 1 25 0.93

Total 217 9.89

CY Excavation Areas EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

1 1 288 10.7

2 1 100 3.7

3 1 100 3.7

4 1 100 3.7

5 3 100 11.1

6 1 100 3.7

TOTAL 788 36.6



FIGURE 4-7

PROPOSED COMMERCIAL

REMEDIATION AREAS IN THE

CORPORATION YARD

Richmond Bay Campus

Removal Action Workplan
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Corporation Yard

Fenceline

Existing Sewer Line

Removed Sewer Line

Abandoned Sewer Line

Asphalt/Concrete Pads

Existing Buildings

Surface Water

Research, Education &
Support Area

Roads and Other Landscape
Features

Notes:
1. The maximum concentration at each location
is represented.

2. Excavation of PCB-impacted soil will be conducted as a
separate action and is not a component of this alternative.
See Figure 4-1.

BAP(EQ)
bgs
CY
cy
EST
ft
mg/kg
PCB
RBC
TEQ
TSCA

Benzo(a)pyrene equivalent
below ground surface
Corporation Yard
Cubic yards
Estimated
Feet
Milligram per kilogram
Polychlorinated biphenyl
Risk-Based Concentration
Toxic equivalent quotient
Toxic Sunstances Control Act

Soil Sampling Locations

# All Analyte Concentrations < Commercial RBCs

Mercury Concentrations¹ ≥ 275 mg/kg (Commercial RBC)

PCB Concentrations¹ ≥1 mg/kg (TSCA High Occupancy, No Conditions)

Lead Concentrations¹ ≥ 320 mg/kg (Commercial RBC)

Dioxin TEQ Concentrations¹ ≥ 0.0000164 mg/kg (Commercial RBC)

BAP(EQ) Concentrations¹ ≥ 0.4 mg/kg (Background)

Arsenic Concentrations¹ ≥ 16 mg/kg (Background)

Proposed CY Excavation Footprint and Depth (ft bgs)

1 ft

PCB Excavation Footprint and Depth (ft bgs)²

Depth

1 ft

2.5

3 ft

0 60 120

Feet

~
~

~

~

3

CY03

0 5 10

Feet

1

4

CY13

CY15

CY01

197

0 20 40

Feet

2

CY04

0 10 20

Feet

3

CY09

0 10 20

Feet

4

CY34

0 10 20

Feet

7

6A

5
6B

CY26

CY05

CY26W

CY26SW

CY26NW

CY06

120

0 20 40

Feet

CY Excavation Areas EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

1 1 100 3.7

2 1 100 3.7

3 1 100 3.7

4 1 100 3.7

TOTAL 400 14.8

PCB Excavation in CY
2

EST. Depth (ft bgs) EST. Area (ft²) EST. Volume (cy)

3 1 25 0.93

4 1 25 0.93

5 1 25 0.93

6A 1 92 3.41

6B 3 25 2.78

7 1 25 0.93

Total 217 9.89
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Removal Action Workplan

Alternative GW-2 Components

Preliminary Location of Impermeable Wall

Preliminary Location of Permeable Reactive Barrier

Phase I FSW Piezometer Groundwater¹

@A < 2.63 µg/L (Commercial Vapor Intrusion RBC for CT)

@A ≥ 2.63 µg/L (Commercial Vapor Intrusion RBC for CT)

Phase III FSW Grab Groundwater²

po Non-detect

po CT Detected

Carbon Tetrachloride Area

Research, Education & Support Area

Existing Building

Roads and Other Landscape Features

Notes:

1

2

µg/L
CT
FSW
RBC

The maximum concentration at each location is represented.

Grab groundwater samples are not considered to be high quality data,
therefore the concentrations detected were not compared to
screening criteria. The target of the investigation was to confirm or
deny the existence of an upgradient source of carbon tetrachloride,
therefore this figure indicates whether carbon tetrachloride was
detected at each location.

Micrograms per liter
Carbon tetrachloride
Field Sampling Workplan
Risk-Based Concentration
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Removal Action Workplan
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Alternative GW-3 Components

!( Preliminary Location of Injection Treatment Point

Phase I FSW Piezometer¹

@A < 2.63 µg/L (Commercial Vapor Intrusion RBC for CT)

@A ≥ 2.63 µg/L (Commercial Vapor Intrusion RBC for CT)

Phase III FSW Grab Groundwater²

po Non-detect

po CT Detected

Carbon Tetrachloride Area

Research, Education & Support Area

Existing Buildings

Roads and Other Landscape Features

Notes:

1

2

µg/L
CT
FSW
RBC

The maximum concentration at each location is represented.

Grab groundwater samples are not considered to be high quality data,
therefore the concentrations detected were not compared to
screening criteria. The target of the investigation was to confirm or
deny the existence of an upgradient source of carbon tetrachloride,
therefore this figure indicates whether carbon tetrachloride was
detected at each location.

Micrograms per liter
Carbon tetrachloride
Field Sampling Workplan
Risk-Based Concentration



S
T
A

R
L

I N
G

W
A

Y po

po

po

po

po

po

po

po

po

po

po

po

@A
@A@A@A@A@A@A

!A

!A

!A

!A

!A

!A

Building

Research
Education

and Support
Area

Carbon Tetrachloride Area

Research
Education

and Support
Area

Estimated
Direction of

Groundwater Flow

CTP
CTPDEEP

CTP-12

CTP-20

CTP-19

CTP-09

CTP-08

CTP-15
CTP-17

CTP-10

CTP-13

CTP-14

CTP-16

CTP-11

280B

FIGURE 4-10

SCHEMATIC OF

ALTERNATIVE GW-4

Richmond Bay Campus

0 40 8020

Feet

2013-11-21 V:\Misc_GIS\Richmond_Field_Station\Projects\RAW\Layouts\Schematic of Alternative GW-4.mxd TtEMI-AL carolyn.ferlic

Removal Action Workplan
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!A Proposed Monitoring Well Location

Phase I FSW Piezometer¹

@A < 2.63 µg/L (Commercial Vapor Intrusion RBC for CT)

@A ≥ 2.63 µg/L (Commercial Vapor Intrusion RBC for CT)

Phase III FSW Grab Groundwater²

po Non-detect

po CT Detected

Carbon Tetrachloride Area

Research, Education & Support Area

Existing Buildings

Roads and Other Landscape Features

Notes:

1

2

µg/L
CT
FSW
RBC

The maximum concentration at each location is represented.

Grab groundwater samples are not considered to be high quality data,
therefore the concentrations detected were not compared to
screening criteria. The target of the investigation was to confirm or
deny the existence of an upgradient source of carbon tetrachloride,
therefore this figure indicates whether carbon tetrachloride was
detected at each location.

Micrograms per liter
Carbon tetrachloride
Field Sampling Workplan
Risk-Based Concentration
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Note:
DTSC Department of Toxic Substance Control
MFA Mercury Fulminate Area
PCB Polychlorinated biphenyls
RAW Removal Action Workplan
RFS Richmond Field Station Removal Action Workplan

Approximate RAW Workzones

Exclusion Zones

Decontamination Zones

Support Zones

Roll-off Bin Storage Area

Proposed Excavation Areas

Proposed PCB Excavation Areas

Proposed MFA Excavation Areas

Proposed Corporation Yard Excavation Areas

Proposed Truck Route

Alternate Proposed Truck Route

Proposed Fencing

Existing Buildings

Asphalt/Concrete Pads

Existing Fenceline

Portion of RFS Property Subject to DTSC order, Defined as "Site"

Roads and Other Landscape Features



11/22/2013 V:\Misc_GIS\Richmond_Field_Station\Projects\RAW\Layouts\RAW local truck route.mxd TtEMI-OAK carolyn.ferlic

SEAPORT AVENU E

S
O

U
T

H
49

T
H

S
T

R
E

E
T

S
O

U
T

H
50

T
H

S
T

R
E

E
T

S
O

U
T

H
51

S
T

S
T

R
E

E
T

EAST MON TG OMERY AVENUE

SEA ISLE DRIVE

BAY HARBOR DRIVE

C
R

Y
S

T
A

L
C

O
V

E
C

O
U

R
T

R
O

C
K

P
O

R
T

C
O

U
R

T

S
O

U
T

H
3
2

N
D

S
T

R
E

E
T

S
O

U
T

H
46

T
H

S
T

R
E

E
T

S
O

U
T

H
47

T
H

S
T

R
E
E

T

S
O

U
T

H
47

T
H

S
T

R
E

E
T

S
O

U
T

H
46

T
H

S
T

R
E

E
T

M
E

A
D

E
S
T

R
E
E
T

H
IG

H
W

AY
580

ROBIN DRIVE

E
G

R
E

T
W

A
Y

E
G

R
E

T
W

A
Y

EAST MON TG OMERY AVEN UE

R
E

G
A

T
T
A

B
O

U
L

E
V

A
R

D

S
O

U
T

H
4
0

T
H

S
T

R
E

E
T

REGATTA B OULEVARD

S
O

U
T

H
4
1

S
T

S
T

R
E

E
T

S
O

U
T

H
41

S
T

S
T
R

E
E
T

POTRERO AVENUE

POTRERO AVENUE

R
O

SE
W

O
O

D
AV

EN
U
E

SYCAMORE
AVENUE

S
O

U
T
H

45
T
H

S
T

R
E
E

T

S
O

U
T

H
46

TH
S

T
R
E

E
T

OLIVE
COURT

S
O

U
T

H
43

R
D

S
T
R

E
E

T

C
A
R

LSO
N

BO
U
LEV

A
RD

C
AR

LSO
N

B
O

U
LEV

AR
D

HIG
HW

AY
580

HIG
HW

AY
580

M
EA

D
E

ST
RE

ET

HIGHW
AY 580

HIGHW AY 580

M
E

A
K

E
R

A
V

E
N

U
E

MEAKER AVENUE

S
O

U
T

H
3
4

T
H

S
T

R
E

E
T

ROB IN DRIVE

E
R

L
A
N

D
S
O

N
S
T

R
E
E

T

ER
LAND

SO
N

STR
EET

S
T

A
R

L
IN

G
W

A
Y

O
W

L
W

A
Y

O
W

L
W

A
Y

O
W

L
W

AY

CROW DRIVE

O
W

L
W

A
Y

A
V

O
C

E
T

W
A

Y

HERON DRIVE

LARK DRIVE

WREN D RIVE

PLOVER D RIVE

E
G

R
E

T
W

A
Y

JA
Y

W
A

Y

Eastern Stege

A
sp

h
a
lt

P
a
d

B

Asphalt Pad C

Concrete Pad

400

478

400

277

112

175

484

128

452

454

38

102

486

420

480

453

201 EPA Lab

180

280B

280A

275

451

163

150

450

276

114

473

167

164

153
152

158

445

185

155

178

159
154

197

151

160

194
161 196

472

113

118

198

190

177

110

482

421

125

300

116

460

149

121

165

195

176

117

471

111

474

179

475

470

485

162

1901

120

488

490

487

500 0 500

Feet

Richmond Bay Campus

FIGURE 5-2
PROPOSED

TRUCK ROUTE

Note:
Basemap has not been updated to display the Meade
Street bypass; the alternate truck route will follow the bypass.

DTSC Department of Toxic Substance Control
MFA Mercury Fulminate Area
PCB Polychlorinated biphenyls
RAW Removal Action Workplan
RFS Richmond Field Station Removal Action Workplan

Proposed Truck Route

Alternate Proposed Truck Route

Proposed Fencing

Approximate RAW Workzones

Exclusion Zones

Decontamination Zones

Support Zones

Roll-off Bin Storage Area

Proposed Excavation Areas

Proposed PCB Excavation Areas

Proposed MFA Excavation Areas

Proposed Corporation Yard Excavation Areas

Existing Buildings

Asphalt/Concrete Pads

Existing Fenceline

Portion of RFS Property Subject to DTSC order, Defined as "Site"

Roads and Other Landscape Features



2. 10840 Altamont Pass Road, Livermore, CAAltamont Landfill: 10840 Altamont Pass Road, Livermore, CA

Site: 1301 S 46th Street, Richmond, CA

Buttonwillow Landfill:  2500 W Lokern Road, Buttonwillow, CA

US Ecology Landfill:  Highway 95 S, Beatty, NV

Evergreen Oil Inc: 6880 Smith Ave., Newark, CA

Sources: Esri, DeLorme, NAVTEQ, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance
Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo, and the GIS User Community

2009-MM-DD    v:\project_location\project_name.mxd    TtEMI-OAK    map editor

FIGURE 5-3
TRUCK ROUTES TO

LANDFILLS

Richmond Bay Campus

Removal Action Workplan

0 110,000 220,00055,000

Feet



 

 

TABLES



 

RAW, Richmond Bay Campus Page 1 of 2 

Table 2-1.  Pre-FSW Investigations for Richmond Field Station 

Investigation  
Agency/Consultant Purpose Date 

Site Investigations throughout RFS. 
Preparation of Preliminary Risk Assessment for 
EPA laboratory, 
Various consultants, DHS, EPA. 

Various environmental investigations focusing on potential 
source areas throughout RFS. Included collection of soil, 

groundwater, and surface water samples. 

1981 to 1999 

Field Sampling and Investigation Plan (FSAP) 
URS Corporation 

FSAP and tiered risk evaluation report developed a strategy 
to evaluate soil, groundwater and sediment quality at RFS, 

delineated the extent of contamination, and evaluated 
potential sources. 

1999 

Human Health and Ecological Tiered Risk 
Evaluation 
URS 

A multi-tiered risk assessment to evaluate potential risks to 
human health and the environment from detected COPCs. 

Site-Specific Threshold Levels (SSTL) were developed. 
Further investigation and remediation was recommended for 

the Upland Area and Western Stege Marsh. 

2001 

Additional Soil and Groundwater Investigations 
in Upland Portion of Transition Area 
URS  

Soil and groundwater samples were collected and analyzed.  
Elevated metal concentrations in soil and groundwater were 
found in association with the pyrite cinder layer.  Additional 
monitoring wells and quarterly groundwater monitoring for 

VOCs was recommended. 

Summer 2001 

Additional Soil and Groundwater Investigations 
in Upland Area 
URS 

Soil and groundwater samples were collected indicating 
numerous areas with metals exceeding human and 

ecological SSTLs. 

September 2002 

Mercury Treatability Study 
URS 

Study designed to evaluate the reagent that would most 
effectively stabilize mercury-affected sediment and cinders at 
RFS.  Results indicated that long-term leachability of mercury 

could be controlled with powder-activated carbon. 

2002 

Remediation Project – Initial Study (CEQA) 
URS 

In accordance with CEQA, the study determined if there were 
any significant environmental effects or mitigation measures 

required to reduce potential environmental effects.  Study 
recommended specific measures to reduce possible noise 

effects and effects on biological resources. 

2003 
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Investigation  
Agency/Consultant Purpose Date 

Biological Assessment 
BBL 

Report addressed sensitive species and habitats that might 
be affected by the proposed remediation.  A mitigation plan 
proposed actions to minimize effects and compensate for 

effects determined unavoidable. 

2003 

Groundwater, Surface Water, and Sediment 
Monitoring Plan 
BBL 

Plan developed under oversight of RWQCB.  The plan 
detailed semi-annual monitoring for up to 5 years. 

2004 

Indoor Air Monitoring 
UC, Tetra Tech 

Indoor air monitoring at eight separate 24-hour events at 12 
locations throughout RFS.  Results were within typical indoor 

air quality levels. 

2007 to 2008 

Notes: 

BBL Blasland, Bouck & Lee 
CEQA California Environmental Quality Act 
COPC Chemical of potential concern 
DHS California Department of Health Services 
EPA U.S. Environmental Protection Agency 
FSW Field Sampling Workplan 
RFS Richmond Field Station 
RWQCB San Francisco Bay Regional Water Quality Control Board 
Tetra Tech Tetra Tech EM Inc. 
UC University of California 
URS URS Corporation 
VOC Volatile organic compound 
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Table 2-2.  FSW Investigations for Richmond Field Station 

Phase  
& Objective Investigation Location(s) Details 

Phase I 
Groundwater sampling to 
determine overall groundwater 
characteristics, and to confirm 
or deny the presence of any 
unknown groundwater 
contamination issues. 

Site-wide, excluding groundwater under 
Western Stege Marsh 

Leaching contaminants in the surface and subsurface soil can 
contaminate groundwater. Metals and pesticides have been 
found in the groundwater along the eastern property 
boundary.  Fifty-one piezometers were installed across the 
Site and sampled along with three existing ones. Four rounds 
of samples were analyzed for metals, VOCs, SVOCs, PAHs, 
TPH-e, TPH-p and TDS.  One round of samples was also 
analyzed for PCBs, pesticides, and perchlorates.  
Groundwater monitoring is ongoing. 

Phase II 
Soil investigations where 
historical activities may have 
adversely impacted soil. 

 Current/former transformer locations 
 Corporation Yard (including Building 

120 perimeter) 
 ASTs 

Possible PCB contamination may persist in shallow soil 
investigated near the transformers.  Historic chemical and 
equipment storage in the Corporation Yard warranted further 
soil investigation. DTSC concurred with UC that no soil 
sampling would be required at the AST locations due to the 
absence of staining or visual evidence of a spill at these 
locations and low levels of TPH detections in groundwater at 
RFS. 

Phase III 
Additional soil investigations 
where historical activities may 
have adversely impacted soil. 
 
Groundwater conditions near 
Building 280B was investigated 
by collecting 20 grab 
groundwater samples from 
temporary borings and one 
grab groundwater sample from 
piezometer CTP. 

 Former Dry House Explosion Area 
 Building 128 
 EPA Building 201 soil mounds1 
 MFA 
 A sub-set of the transformer areas 
 Corporation Yard 
 Piezometer CTP (due to carbon 

tetrachloride detection in nearby 
groundwater) 

Historical photographs of the Former Dry House showed 
evidence of a reported explosion within this area during CCC 
operations.  Building 128 was used during CCC operations for 
numerous operations. Historical investigations of the MFA 
indicated elevated concentrations of mercury in soil.  Phase III 
soil sampling supplemented historical data for the MFA and 
helped delineate vertical and lateral extents of known 
mercury-contaminated soil.  Phase II investigation results 
warranted step-out sampling of PCBs and PAHs near some 
transformer locations.  Phase II investigation results warranted 
step-out sampling at certain Corporation Yard locations for 
PAHs, PCBs, lead, and dioxin. Carbon tetrachloride was 
detected above the federal MCL during all four rounds of 
Phase I groundwater sampling at piezometer CTP, and was 
detected in downgradient wells. 
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Phase  
& Objective Investigation Location(s) Details 

Phase IV and V 
These phases have not been 
scoped. 

Likely focus on the Natural Open Space 
Area. 

The Natural Open Space Area is outside the scope of this 
document. 

Notes: 

1 The EPA Building 201 soil mounds are not within the Research, Education, and Support (RES) Area and therefore are not discussed further in this table. 
AST Above ground storage tanks 
CCC California Cap Company 
DTSC Department of Toxic Substances Control 
EPA U.S. Environmental Protection Agency 
FSW Field Sampling Workplan 
MCL Maximum contaminant level 
MFA Mercury Fulminate Area 
PAH Polycyclic aromatic hydrocarbon 
PCB Polychlorinated biphenyl 
RFS Richmond Field Station 
SVOC Semi volatile organic compound 
TDS Total dissolved solid 
TPH Total petroleum hydrocarbons 
TPH-e Total petroleum hydrocarbons – extractables 
TPH-p Total petroleum hydrocarbons – purgeables 
UC University of California  
VOC Volatile organic compound 
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Table 2-3.  Previous Cleanup Actions for Richmond Field Station 

Cleanup Action and  
Location Activities Date 

Phase 1 
Transition Area, Western Stege 
Marsh, and Upland Area of the 
former Zeneca site 

Excavation and treatment/stabilization of contaminated soil in the eastern portion 
of the Transition Area and sediment in the eastern portion of Western Stege 
Marsh (Areas 1 and 4).  The Upland Area of the former Zeneca site was 
remediated in conjunction with remediation activities at RFS (URS 2003). 

Fall 2002 

Phase 2 
Transition Area, Western Stege 
Marsh 

Excavation and remediation in a portion of the Transition Area (Area 4), the 
remaining eastern portions of Western Stege Marsh (Area 2), and two areas in the 
central and western portions of Western Stege Marsh (Areas M3 and M1a) (URS 
2004). 

August 2003 to 
February 2004 

Phase 3 
Remediation Areas 1, 2, 3, 4, 5, 
and 6, and Western Stege Marsh 

Excavation of cinder materials from upland Remediation Areas (RA) 1, 2, 3, 4, 5, 
and 6, and excavation of sediment to widen an existing channel and create a new 
channel in the north-central portion of Western Stege Marsh (formerly designated 
as marsh area M3) (URS 2005). 

September to 
November 

2004 

Forest Product Laboratory Time-
Critical Removal Action 
Forest Product Laboratory Wood 
Treatment Laboratory (FPL WTL) 

Excavation of soil containing elevated concentrations of arsenic near the former 
FPL WTL (near Building 478).  The proposed excavation limits and depths were 
determined by comparing the analytical results for samples collected in May and 
June 2007 with the project-specific remediation goal of 16 mg/kg (Tetra Tech 
2007).  Confirmation samples were collected following the excavation. 

October 2007 

Transition Area Time-Critical 
Removal Action 
Western Transition Area (WTA) 

Removed surficial ash and debris in two locations where it was observed on the 
western edge of the WTA.  Sampling results from these two areas indicated 
elevated levels of PCBs, and a TCRA was conducted to remove material from 
these two areas (Tetra Tech 2008). 

October 2008 

Notes: 

FPL WTL Forest Products Laboratory Wood Treatment Laboratory  RFS  Richmond Field Station 
mg/kg Milligrams per kilogram      TCRA  Time-critical removal action 
PCB Polychlorinated biphenyl      Tetra Tech Tetra Tech EM Inc. 
RA Remediation Areas      URS  URS Corporation 
         WTA  Western Transition Area  
References: 
Tetra Tech.  2007.  “Memorandum for a Time-Critical Removal Action at the Former Forest Products Laboratory Wood Treatment Laboratory, University of California Berkeley, 

Richmond Field Station.”  February 5. 
Tetra Tech.  2008.  “Implementation Summary Report for a Time-Critical Removal Action at the Forest Products Laboratory Wood Treatment Laboratory.”  March 14.   
URS.  2003.  “Implementation Report, Phase 1 Subunit 2A, Meade Street Operable Unit, University of California, Berkeley, Richmond Field Station.”  September 4. 
URS.  2004.  “Implementation Report, Phase 2 Subunit 2A and 2B, Meade Street Operable Unit, University of California, Berkeley, Richmond Field Station.”  December 3. 
URS.  2005.  “Implementation Report, Phase 3 Upland Portion of Subunit 2B, Meade Street Operable Unit, University of California, Berkeley, Richmond Field Station.”  June 16. 



Table 3-1.  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

COCs
Arsenic 16 16 16 Background 2 NA 3 Manage in Place

Lead 4 320 320 320 CHHSL 800 EPA Region IX Lead Industrial 
RSL

Mercury 275 77.0 1,920 Lesser of the Cancer and 
Noncancer RBC 275 No change

BAP (EQ) 0.4 0.4 0.4 Ambient 2 1.45 10 x Commercial Use Cancer RBC

Aroclor-1248 1 6 3.50 3.50 1 6 TSCA High Occupancy, No Cap

Aroclor-1254 1 6 2.02 3.50 1 6 TSCA High Occupancy, No Cap

Aroclor-1260 1 6 3.50 3.50 1 6 TSCA High Occupancy, No Cap

Dioxin TEQ 0.0000164 0.000116 0.000116 Lesser of the Cancer and 
Noncancer RBC 0.000164 10 x Commercial Use Criteria

Other Detected Chemicals
Metals
Aluminum 100,000 20,300 100,000 100,000 10 x Commercial Use Criteria 7
Antimony 367 109 2,720 3,670 10 x Commercial Use Criteria
Barium 100,000 2,110 52,600 100,000 10 x Commercial Use Criteria 7
Beryllium 1,760 29.0 128 17,600 10 x Commercial Use Criteria
Boron 100,000 33,600 100,000 100,000 10 x Commercial Use Criteria 7
Cadmium 1000 68.1 73.0 10,000 10 x Commercial Use Criteria
Chromium 100,000 100,000 100,000 100,000 10 x Commercial Use Criteria 7
Cobalt 273 19.9 34.1 2,730 10 x Commercial Use Criteria
Copper 36,700 10,900 100,000 100,000 10 x Commercial Use Criteria 7

Iron 100,000 100,000 100,000 100,000 10 x Commercial Use Criteria 7

Manganese 20,500 212 5,300 100,000 10 x Commercial Use Criteria 7
Molybdenum 4,590 1,360 34,000 45,900 10 x Commercial Use Criteria
Nickel 14,900 60.6 1,180 100,000 10 x Commercial Use Criteria 7
Selenium 4,590 1,340 33,500 45,900 10 x Commercial Use Criteria
Silver 4,590 1,360 34,000 45,900 10 x Commercial Use Criteria
Thallium 9.17 2.72 68.0 92 10 x Commercial Use Criteria
Vanadium 4,590 1,360 34,000 45,900 10 x Commercial Use Criteria
Zinc 100,000 81,600 100,000 100,000 10 x Commercial Use Criteria 7

VOCs
1,2-Dichloropropane 4.41 71.0 83.7 44 10 x Commercial Use Criteria
Acetone 100,000 100,000 100,000 100,000 10 x Commercial Use Criteria 7

Benzene 1.44 27.9 27.9 14 10 x Commercial Use Criteria

Category I Category II (On-Site Management)

TSCA High Occupancy, No Cap 
(commercial use); Lesser of the 

Cancer and Noncancer RBC 
(construction and maintenance 

workers)

Lesser of the Cancer and 
Noncancer RBC

Lesser of the Cancer and 
Noncancer RBC

SMP, Richmond Bay Campus Page 1 of 4



Table 3-1.  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

Category I Category II (On-Site Management)

VOCs (continued)
Ethylbenzene 24.0 393 393 240 10 x Commercial Use Criteria
m,p-Xylene 2,510 2,350 58,700 25,100 10 x Commercial Use Criteria
o-Xylene 2,950 2,730 68,100 29,500 10 x Commercial Use Criteria
Toluene 5,230 3,830 95,700 52,300 10 x Commercial Use Criteria
Trichloroethene 5.72 15.8 93.7 57.2 10 x Commercial Use Criteria
SVOCs
1-Methylnaphthalene 36.4 243 243 364 10 x Commercial Use Criteria
2-Methylnaphthalene 1,510 403 10,100 15,100 10 x Commercial Use Criteria
4-Methylphenol 47,800 13,000 100,000 478,000 10 x Commercial Use Criteria
Acenaphthene 22,600 6,047 100,000 100,000 10 x Commercial Use Criteria 7

Acenaphthylene 22,600 6,047 100,000 100,000 10 x Commercial Use Criteria 7

Anthracene 100,000 30,200 100,000 100,000 No change
Benzo(a)anthracene 0.880 5.87 5.87 8.80 10 x Commercial Use Criteria
Benzo(a)pyrene 0.145 0.963 0.963 1.45 10 x Commercial Use Criteria
Benzo(b)fluoranthene 0.880 5.87 5.87 8.80 10 x Commercial Use Criteria
Benzo(g,h,i)perylene 11,300 3,020 75,600 100,000 10 x Commercial Use Criteria 7

Benzo(k)fluoranthene 0.880 5.87 5.87 8.80 10 x Commercial Use Criteria
bis(2-Ethylhexyl)phthalate 95.5 647 647 955 10 x Commercial Use Criteria
Chrysene 8.80 58.7 58.7 88.0 10 x Commercial Use Criteria
Dibenz(a,h)anthracene 0.145 0.963 0.963 1.45 10 x Commercial Use Criteria
di-n-Butylphthalate 47,800 13,000 100,000 478,000 10 x Commercial Use Criteria
Fluoranthene 15,100 4,030 100,000 100,000 10 x Commercial Use Criteria 7

Fluorene 15,100 4,030 100,000 100,000 10 x Commercial Use Criteria 7

Indeno(1,2,3-cd)pyrene 0.880 5.87 5.87 9 10 x Commercial Use Criteria
Naphthalene 18.0 450 450 180 10 x Commercial Use Criteria
Phenanthrene 15,100 4,030 100,000 100,000 10 x Commercial Use Criteria 7

Pyrene 11,300 3,020 75,600 100,000 10 x Commercial Use Criteria 7

PCBs

Aroclor-1242 1 6 3.50 3.50 TSCA High Occupancy, No Cap 1 6 No change

Pesticides
4,4'-DDD 7.59 52.8 52.8 75.9 10 x Commercial Use Criteria
4,4'-DDE 5.36 37.3 37.3 53.6 10 x Commercial Use Criteria
4,4'-DDT 5.36 37.3 37.3 53.6 10 x Commercial Use Criteria
Aldrin 0.107 0.745 0.745 1.07 10 x Commercial Use Criteria
alpha-BHC 0.289 2.01 2.01 2.89 10 x Commercial Use Criteria
alpha-Chlordane 1.40 9.76 9.76 14.0 10 x Commercial Use Criteria
beta-BHC 1.01 7.04 7.04 10.1 10 x Commercial Use Criteria
Carbazole 145 934 934 1,450 10 x Commercial Use Criteria
Chlordane 1.40 9.76 9.76 14.0 10 x Commercial Use Criteria

Lesser of the Cancer and 
Noncancer RBC

Lesser of the Cancer and 
Noncancer RBC

Lesser of the Cancer and 
Noncancer RBC

SMP, Richmond Bay Campus Page 2 of 4



Table 3-1.  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

Category I Category II (On-Site Management)

Pesticides (continued)
delta-BHC 0.289 2.01 2.01 2.89 10 x Commercial Use Criteria
Dieldrin 0.114 0.792 0.792 1.14 10 x Commercial Use Criteria
Endosulfan I 3,910 1,100 27,500 39,100 10 x Commercial Use Criteria
Endosulfan II 3,910 1,100 27,500 39,100 10 x Commercial Use Criteria
Endosulfan sulfate 3,910 1,100 27,500 39,100 10 x Commercial Use Criteria
Endrin 195 54.9 1,370 1,950 10 x Commercial Use Criteria
Endrin aldehyde 195 54.9 1,370 1,950 10 x Commercial Use Criteria
gamma-BHC (Lindane) 1.66 11.5 11.5 16.6 10 x Commercial Use Criteria
gamma-Chlordane 1.4 9.76 9.76 14.0 10 x Commercial Use Criteria
Heptachlor 0.405 2.82 2.82 4.05 10 x Commercial Use Criteria
Heptachlor epoxide 0.2 1.39 1.39 2.00 10 x Commercial Use Criteria
Mirex 0.101 0.704 0.704 1.01 10 x Commercial Use Criteria
Pentachlorophenol 1.86 12.2 12.2 18.6 10 x Commercial Use Criteria
Explosives

HMX 23,900 6,500 100,000 Lesser of the Cancer and 
Noncancer RBC 23,900 Noncancer RBC

TPH
Diesel range organics 500 500 500 ESL 500 ESL
Gasoline range organics 500 500 500 ESL 500 ESL
Motor oil range organics 2,500 2,500 2,500 ESL 2,500 ESL

Notes:
All values are in mg/kg.

1

2

3

4
5
6
7

EPA U.S. Environmental Protection Agency DDD Dichlorodiphenyldichloroethane
BAP (EQ) Benzo(a)pyrene equivalent DDE Dichlorodiphenyldichloroethylene
BHC Hexachlorocyclohexane DDT Dichlorodiphenyltrichloroethane
Cal/EPA California Environmental Protection Ageny DTSC California Department of Toxic Substances Control
CHHSL California human health screening level EPA U.S. Environmental Protection Agency
COC Chemical of concern ESL Environmental Screening Level

Criteria for Aroclors of 1 mg/kg is for total Aroclors (the sum of all detected individual Aroclors in a particular sample).
The commercial use criteria is the default value of 100,000 mg/kg for cases where the calculated commercial RBC value exceeds 100,000 mg/kg; therefore the manage-in-place criteria is also equal to the default 
value of 100,000 mg/kg. In cases where 10 times the commercial RBC is greater than 100,000, the default values of 100,000 mg/kg is used.

The development of commercial RBCs is discussed in Appendix C of the SCR (Tetra Tech 2013).  RBCs are shown with 3 significant figures, except where the default value of 100,00 mg/kg apply (calculated value 
exceeds 100,000 mg/kg).

Background level for arsenic (16 mg/kg) was established for the adjacent Campus Bay Site and approved by DTSC for the Site (Erler & Kalinowski, Inc. 2007, DTSC 2007).   Ambient levels for BAP (EQ) (0.4 mg/kg) 
are based on the 95 UCL concentration of the ambient dataset for BaP EQ in surface soils in Northern California (DTSC 2009).
If associated with cinders, manage in place per cinder management protocol in selected remedy.  If not associated with cinders, investigate further, determine if source is present, and dispose of off-site.

An RBC was not calculated for lead. Rather, the CHHSL (OEHHA 2009) was used.
Category II lead value based on industrial RSL from EPA 2012.

Lesser of the Cancer and 
Noncancer RBC
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Table 3-1.  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

Category I Category II (On-Site Management)

Notes (continued):
HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine SMP Soil management plan
mg/kg Milligrams per kilogram SVOC Semivolatile organic compound
NA Not applicable TEQ Toxic equivalency quotient
OEHHA Cal/EPA Office of Environmental Health Tetra Tech Tetra Tech, Inc.

      Hazard Assessment TPH Total petroleum hydrocarbons
PCB Polychlorinated biphenyl TSCA Toxic Substances Control Act
RBC Risk-based concentration VOC Volatile organic compound
RSL Regional Screeing Level
SCR Site characterization report

References:
DTSC.  2007.  Letter to Doug Mosteller from Barbara Cook Concurring on the Recommendation of 16 mg/kg Arsenic as a Good Estimator of the Upper Range of the Ambient 

Distribution of Arsenic at the Campus Bay Site.  October 1.
DTSC. 2009. Use of the Northern and Southern California Polynuclear Aromatic Hydrocarbon (PAH) Studies in the Manufactured Gas Plant Site Cleanup Process. July 1.
EPA. 2005. Polychlorinated Biphenyl (PCB) Site Revitalization Guidance Under the Toxic Substances Control Act. November.

 Available online at: http://www.epa.gov/osw/hazard/tsd/pcbs/pubs/pcb-guid3-06.pdf.
EPA. 2012. "Regional Screening Levels." Screening Levels for Chemical Contaminants.  November.
Erler & Kalinowski, Inc. 2007.  Technical Memorandum: Background Concentrations of Arsenic in Soil at Campus Bay, Campus Bay Site, Richmond, California.  July 23. 
OEHHA.  2009.  "Revised California Human Health Screening Levels for Lead."  Integrated Risk Assessment Branch, OEHHA, Cal/EPA.  September.
Tetra Tech. 2013.  Site Characterization Report, Research, Education, and Support Area and Groundwater within the Richmond Field Station Site.  May 28.
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Table 3-2.  Evaluation Criteria 
 

RAW Evaluation 
Criterion 

FS/RAP Evaluation 
Criterion Description 

1.  Effectiveness 1. Overall Protection of 
Human Health and the 
Environment 

This criterion describes how each alternative, as a whole, protects human health and 
the environment and indicates how each chemical source is to be eliminated, 
reduced, or controlled. 

2. Compliance with ARARs This criterion evaluates each alternative’s compliance with ARARs or, if an ARAR 
waiver is required, how the waiver is justified.  ARARs consider chemical-, location-, 
and action-specific concerns. 

3. Long-Term 
Effectiveness and 
Permanence 

This criterion evaluates the long-term effectiveness of each alternative in protecting 
human health and the environment after the remedial action is complete.  Factors 
considered for protection of the environment include magnitude of residual risks and 
adequacy and reliability of release controls. 

4. Reduction of Toxicity, 
Mobility, or Volume 
through Treatment 

This criterion evaluates the anticipated performance for each alternative’s specific 
treatment technologies to reduce the toxicity, mobility, or volume of hazardous 
substances. 

5. Short-Term 
Effectiveness 

This criterion examines the short-term effectiveness of each alternative in protecting 
human health and the environment during the construction and implementation 
period of the remedy.  The factors considered in evaluation of short-term 
effectiveness include protection of the community during remedial actions, protection 
of workers during remedial actions, environmental effects that would result from 
construction or implementation of the alternative, and the time required to complete 
the remedial action. 

2. Implementability 6. Implementability This criterion evaluates the technical and administrative feasibility of each alternative 
and the availability of required resources such as services and materials. 

3. Cost 7. Cost This criterion evaluates the capital and operation and maintenance costs for each 
alternative.  The accuracy of costs developed typically ranges from minus 30 to plus 
50 percent. 

Not Applicable 
8. State Acceptance1 This criterion is not required for a RAW.  For FS/RAPs, this criterion evaluates the 

technical and administrative issues and concerns the state may have about each of 
the alternatives.   

Not Applicable 
9. Community Acceptance2 This criterion is not required for a RAW.  For FS/RAPs, this criterion evaluations the 

issues and concerns the public may have about each alternative. 
 
  



Table 3-2.  Evaluation Criteria 
 

RAW Richmond Bay Campus Page 2 of 2 

Notes: 

1. State acceptance is evaluated and addressed when DTSC and other State agencies provide comments on the Draft RAW. 
2. Community acceptance is evaluated and addressed when public comments are received during the public comment period and the public meeting held for the RAW. 
 
ARAR Applicable or relevant and appropriate requirement RAP Remedial Action Plan  
DTSC Department of Toxic Substances Control RAW Removal Action Workplan 
FS Feasibility Study   



Table 3‐3.  Preliminary Screening of General Response Actions and Process Options for the RES Area Soil 

General 

Response Action

Remedial 

Technology Type Process Option Description Effectiveness Implementability Cost Comment

No Action

Clean soil cover and maintained 
vegetative cover

Low‐permeability, compacted clay 
cover

Moderate capital and 
low O&M costs

Easily and quickly 
implemented

Effective; eliminates direct 
exposure pathway

Low‐permeability, formed and poured 
concrete cover

Moderate capital and 
low O&M costs

Effective; eliminates direct 
exposure pathway

Easily and quickly 
implemented

Moderate capital and 
low O&M costs

Easily and quickly 
implemented

Effective; eliminates direct 
exposure pathway

Asphalt cap eliminated from further 
evaluation because it would have limited 
lifetime considering furture development.

Concrete cap eliminated from further 
evaluation because it would have limited 
lifetime considering future development and 
cost.

Asphalt

Concrete

Low‐permeability, sprayed or poured 
asphalt cover

Effective; eliminates direct 
exposure pathway

Easily and quickly 
implemented

NoneNo Action

Land Use 
Controls

Intitutional 
Controls

Deed Restrictions

Source 
Containment

Cap

Clay

Soil/ Maintained 
Landscaping

None
No capital or O&M 
cost

Low capital and no 
O&M costs

Easily implementedEffectiveness depends on 
future enforcement of deed 
restrictions

Prohibits activities not specified for the 
designated land use and requires 
implementation of a soil management 
plan.  Property use restrictions in all 
deeds for property within RFS RES area.

Moderate capital and 
low O&M costs

Not effective Not applicable NCP requires the no action alternative to be 
carried through to detailed analysis.

Deed restrictions retained for further 
evaluation as a potential remedial alternative 
component.

Soil cap retained for further evaluation for 
MFA because it can be implemented in 
conjunction with future development.

Clay cap retained for further evaluation 
because will act as a visual, as well as 
physical, barrier.
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Table 3‐3.  Preliminary Screening of General Response Actions and Process Options for the RES Area Soil 

General 

Response Action

Remedial 

Technology Type Process Option Description Effectiveness Implementability Cost Comment

Phytoremediation eliminated from further 
consideration because of limited effectiveness 
and implementability.

Effective for reducing 
solubility of metals to levels 
appropriate for landfill 
disposal

Easily and quickly 
implemented

Soil is excavated and mixed with extractant 
(acid or solvent).  Separation of extractant 
and treated soils required; 
treatment/disposal of 
extractant/contaminants required.

Acid extraction effective for 
metals; solvent extraction 
effective for PCBs, VOCs

Moderate implementability; 
equipment/extractants 
readily available; treatment 
train relatively cumbersome

Moderate to high capital 
and no O&M

Electrokinetic separation eliminated from further 
consideration because of limited implementability 
and cost.

Electrokinetic 
Separation

Chemical extraction eliminated from further 
consideration because of cost and complexity of 
treatment train.

Chemical Extraction

Vitrification High temperature treament that reduces 
mobility of metals by incorporating them in 
a chemically durable, leach resistant, 
vitreous mass.  Process may cause 
contaminants to volatilize.

Moderately effective at 
mitigating mobility; may cause 
volitilization‐‐off‐gas 
treatment/ containment likely 
necessary

Low implementability; 
difficult to implement over 
large areas

High capital and O&M 
(uses large amounts of 
energy)

Vitrification eliminated from further 
consideration because of limited implementability 
and high cost.

Soil Flushing Solution of water/chemicals/extractant is 
injected into or sprayed onto the area of 
contamination, mobilizing contamminants 
by dissolution.  The contaminant‐bearing 
flushing solution is collected and pumped 
to surface for treatment or disposal.

Soil flushing eliminated from further 
consideration because of limited effectiveness 
and implementability.

Phytoremediation Plants are used to remove, transfer, 
stabilize, or destroy contaminants in soil.

Limited effectiveness; plants 
may accumulate high levels of 
metals and require treatment 
prior to disposal

Low implementability; likely 
to require large number of 
plants over treatment area; 
not compatible with future 
development

Moderate capital and 
moderate O&M

Application of a low‐intensity direct 
current through the soil between 
ceramic electrodes. Mobilizes charged 
species, causing ions and water to move 
toward the electrodes.

Moderately effective; 
concentrates contaminants at 
electrode for removal and 
treatment

Low implementability; 
buried metallic or insulating 
material can induce 
variability in conductivity of 
soil

Off‐Site Solidification 
and Stabilization

Solidification and 
Stabilization

In Situ 
Treatment

Ex Situ 
Treatment

Treatment
In Situ solidification/stabilization eliminated 
from further evaluation due to ineffective for 
RES exposure pathway and solidified material 
being a potential impediment to future 
development.

Off‐site solidification/stabilization retained 
for futher consideration because contaminant 
levels may require stabilization prior to 
disposal.

Moderate to high 
capital and no O&M 
costs

Moderate capital and 
low O&M costs

Moderately 
implementable; project 
timing and available area 
are limited

Effective for reducing 
solubility of metals, but not 
effective in reducing 
bioavailability from direct 
exposure to soils

Multiple augered equipment mix 
contaminated soil in place with organic 
polymer, cement, lime, water, and 
siliceous material for solidification.

Moderate capital costs; 
may be impacted by 
energy requirements

Low effectiveness; flushing of 
contaminants from surface 
may contaminate subsurface 
soil and groundwater

Low implementability; may 
be difficult to implement for 
variable depth 
contamination and capture 
of flushing fluid

Low capital costs and 
moderate O&M

Mixture of contaminated soil with 
organic polymer, cement, lime, water, 
and siliceous material for solidification, 
conducted off site.
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Table 3‐3.  Preliminary Screening of General Response Actions and Process Options for the RES Area Soil 

General 

Response Action

Remedial 

Technology Type Process Option Description Effectiveness Implementability Cost Comment

Notes:

1.  Option was retained for further evaluation as componenet of an alternative

2.  Option was eliminated from further evaluation

3.  Chemicals of concern in the RES Area include PCBs, mercury, cinders‐related metals (arsenic, lead), BAP, and Dioxin.

BAP Benzo(a)pyrene O&M Operation & maintenance RFS Richmond Field Station
MFA Mercury fulminate area PCB Polychlorinated biphenyl VOC Volatile organic compound
NCP National Contingency Plan RES Research, Education, and Support 

Transport to and placement of 
excavated soil at on‐site location 
dictated by future development.  
Placement location must follow SMP.

Effective; eliminates direct 
exposure pathway

Easily and quickly 
implemented

Low capital and low 
O&M costs

Effective; eliminates direct 
exposure pathway

Easily and quickly 
implemented

Low to high capital 
costs depending on 
soil volume and no 
O&M costs

Removal of contaminated soil using 
conventional construction equipment 
such as backhoes and front‐end loaders

Transport to and placement of 
excavated soil at appropriate landfill 
(Class I, Class II, or PCB)

Disposal

Excavation retained for further evaluation 
because contaminants are removed from site.

Off‐site disposal retained for further 
evaluation because contaminants are 
removed from site.

On‐site placement eliminated from further 
evaluation due to coordination and 
restriction issues related to future 
development.

Soil Excavation/ 
Backfill

Mechanical 
Excavation/ Backfill

Off‐Site 
Commercial 

Class I, II, or PCB 
Landfill

On‐Site Disposal On‐Site Placement

Moderate to high 
capital and no O&M 
costs

Easily and quickly 
implemented

Effective; eliminates direct 
exposure pathway

Removal
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Table 3‐4.  Preliminary Screening of General Response Actions and Process Options for Groundwater

General 

Response Action

Remedial 

Technology 

Type Process Option Description Effectiveness Implementability Cost Comment

Not effective Not applicable No capital or O&M 
cost

Easily implemented; 
however, implementation 
must minimize impact to 
coastal terrace prairie

Easily implemented Low capital and low 
O&M costs

Moderate capital and 
low O&M costs

Effective in mitigating 
indoor air pathway

Vapor barrier/vapor extraction system 
implemented as part of future building 
construction.

Monitoring

NCP requires the no action alternative to be 
carried through to detailed analysis

Deed restrictions retained for further 
evaluation as a potential remedial alternative 
component.  

Engineering controls eliminated from further 
evaluation because Carbon Tetrachloride 
Area is predominantly within the NOS Area, 
which has been identified as a natural area 
that the University plans to protect from 
development and maintain in its natural 
condition.  Future construction of buildings 
over the plume will not occur in the NOS 
Area.

Groundwater extraction eliminated from 
futher evaluation because of 
implementability and cost.

Groundwater monitoring retained for futher 
evaluation as a potential remedial alternative 
component.

Easily implemented as 
component of future 
construction

Moderately effective; 
effectiveness impacted by 
amount of groundwater 
that can be extracted in 
impacted zone

Moderate capital and 
O&M costs

Low capital and O&M 
costs

Removal of contaminated groundwater 
using conventional pumping 
equipment, including well network.

Easily implemented
Monitoring

No Action None None
No Action

Prohibits activities not specified for the 
designated land use, specifically, 
prohibiting well installation and 
groundwater use.  Property use 
restrictions in all deeds for property 
within RFS RES area.

Land Use 
Controls

Institutional 
Controls

Deed Restrictions Effectiveness depends on 
future enforcement of deed 
restrictions

Collect groundwater samples and 
measurements from monitoring wells 
or direct push equipment to assess 
water quality, water level, and 
gradient.

Effective in assessing 
groundwater contaminant 
concentrations and 
movement

Engineering 
Controls

Engineering Controls

Removal
Groundwater 
Extraction

Vertical Extraction 
Wells

RAW, Richmond Bay Campus
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Table 3‐4.  Preliminary Screening of General Response Actions and Process Options for Groundwater

General 

Response Action

Remedial 

Technology 

Type Process Option Description Effectiveness Implementability Cost Comment

Implementable; must be 
implemented to minimize 
damage to coastal terrace 
prairie.  Access to well 
network must be 
maintained through site 
development

Moderate to high 
capital costs and 
moderate O&M costs

Interceptor Trench Extract groundwater from trench 
backfilled with permeable media to 
intercept and collect impacted 
groundwater 

Effective in capturing 
impacted groundwater

Implementable; requires 
excavation in saturated 
zone; must be 
implemented to minimize 
damage to coastal terrace 
prairie.  Access to trench 
must be maintained 
through site development

Moderate capital 
costs and moderate 
O&M costs

Subsurface barrier consisting of 
vertically excavated trench filled with 
slurry, a mixture of soil, bentonite, and 
water with a hydraulic conductivity of 
<10‐6.       Groundwater extraction and 
treatment may also be required in 
conjuntion with a slurry wall to prevent 
groundwater mounding or flow around 
the wall.

Potentially effective in 
minimizing groundwater 
movement; however, likely 
to require groundwater 
extraction to prevent 
mounding

Implementable; must be 
implemented to minimize 
damage to coastal terrace 
prairie.  Access to slurry 
wall must be maintained 
through site development

Moderate to high 
capital costs and 
moderate O&M costs

Extract groundwater from a series of 
vertical wells to create a capture zone , 
thereby preventing impacted 
groundwater from migrating 
downgradient

Slurry walls eliminated from further 
evaluation because similar effectiveness as 
gradient control technologies with higher 
cost.

Extraction wells eliminated from further 
evaluation because of effectiveness and high 
cost.

Interceptor trench eliminated from further 
evaluation because of implementability and 
cost.

Containment Vertical Barriers Slurry Wall

Gradient Control Extraction Wells Potentially effective in 
minimizing groundwater 
movement; effectiveness 
impacted by amount of 
groundwater that can be 
extracted downgradient of 
impacted zone

RAW, Richmond Bay Campus
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Table 3‐4.  Preliminary Screening of General Response Actions and Process Options for Groundwater

General 

Response Action

Remedial 

Technology 

Type Process Option Description Effectiveness Implementability Cost Comment

Easily implemented

Passive/Reactive 
Treatment Wall

Air Sparging

Implementable; must be 
implemented to minimize 
damage to coastal terrace 
prairie.  Access to 
trench/well network must 
be maintained through 
treatment completion

PRB retained for further evaluation because 
it reduces CT concentration.

Enhanced bioremediation retained for futher 
evaluation because it is likely to reduce CT 
concentrations.

Air sparging eliminated from further 
evaluation because of limited effectiveness 
in clayey soil.

MNA is retained for further evaluation as a 
potential remedial alternative component.

Moderate capital and 
low O&M costs

Moderate capital and 
O&M costs

Moderate capital and 
low O&M costs

Low capital and O&M 
costs

Treatment

Anaerobic Enhanced 
Bioremediation

Inject electron donor substrates and 
nutrients to increase the rate of in situ 
bioremediation (ISB) of organic 
contaminants by indigenous microbes

Effective; initial pilot test 
results at Zeneca indicate 
successful dechlorination of 
TCE to cis‐1,2‐DCE, VC and 
ethene

Implementable;  ERD 
substrates were 
successfully pilot tested at 
Zeneca during 2006 and 
2010

Injection of air into saturated zone 
through system of injection wells to 
increase volatilization

Potentially effective; CT not 
expected to sorb to soil; 
however, boring logs 
indicate clayey material not 
likely to be conducive to air 
sparging

Moderately easy to 
implement and maintain

Trench or tightly spaced direct‐push 
injection wells, placed downgradient of 
impacted zone, are filled/injected with 
treatment media, such as activated 
carbon impregnated with nano‐scale 
iron, to treat CT as groundwater flows 
through permeable reactive barrier 
(PRB)

Effective; contaminants are 
adsorbed by the carbon, 
thereby co‐locating with the 
reactive iron which treats 
contaminants by reductive 
dechlorination

Monitored natural attenuation involves 
allowing natural biological processes to 
occur and monitoring the natural 
degradation process by collecting 
groundwater samples and 
measurements from monitoring wells 
or direct push equipment to assess 
water quality, inclucing degradation 
parameters; water level; and gradient.

Moderately effective based 
on viability of indigenous 
bacteria's ability to break 
down carbon tetrachloride

Monitored Natural 
Attenuation

In Situ 
Treatment

RAW, Richmond Bay Campus
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Table 3‐4.  Preliminary Screening of General Response Actions and Process Options for Groundwater

General 

Response Action

Remedial 

Technology 

Type Process Option Description Effectiveness Implementability Cost Comment

Notes:

1.  Option was retained for further evaluation for internal Navy meeting
2.  Option was removed from further evaluation
3.  The chemical of concern in groundwater is carbon tetrachloride.
4.  The exposure pathway of concern is the vapor intrusion to indoor air pathway.

cis‐1,2‐DCE NOS Natural Open Space VC Vinyl chloride
CT Carbon tetrachloride O&M Operations and Maintenance VOC Volatile organic compound
ERD Enhanced reductive dechlorination PRB Permeable reactive barrier
ISB RES Research, Education, and Support
MNA RFS Richmond Field Station
NCP TCE Trichloroethene

Ex situ carbon adsorption eliminated from 
further evaluation because it seems less 
efficient than other treatment technologies

Ex situ air stripping eliminated from further 
evaluation because it seems less efficient 
than other treatment technologies

Carbon Adsorption

VOCs are removed from groundwater 
by passing air through the water 
stream.  The air stirpping off‐gas may 
require treatment prior to discharge to 
remove VOCs

Effective for removing most 
VOCs from extracted 
groundwater

Implementable Variable, depending 
on groundwater flow 
rate and VOC 
composition and 
concentration, and 
whether off‐gas must 
be treated

VOCs are adsorbed onto granular 
activated carbon or specialized resins

Effective for removing most 
VOCs from extracted 
groundwater

Implementable Variable, depending 
on groundwater flow 
rate and VOC 
composition and 
concentration

Air Stripping

cis‐1,2‐dichloroethene

In Situ bioremediation
Monitored natural attenuation
National Contingency Plan

Treatment
Ex Situ 
Treatment

RAW, Richmond Bay Campus
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TABLE 3-5.  PROPOSED ALTERNATIVES  

 

Alternative 
Number Alternative Description 

S-1 No Action 

S-2 
Excavation to Unrestricted Use and Off-Site Disposal:  Excavate soils with 
chemical concentrations exceeding unrestricted risk based concentrations 
(RBC); make assumptions about volume of soil exceeding unrestricted RBCs 
and volume of soil containing cinders.  Off-site disposal at appropriate landfills. 

S-3 

Excavation to Commercial Use, Off-Site Disposal, Land Use Controls 
(LUC), and Implementation of Soil Management Plan:  Excavate soils with 
chemical concentrations exceeding remedial goals.  Off-site disposal of 
excavated soil at appropriate landfills.  LUCs consisting of deed restrictions 
prohibiting residential reuse and requiring implementation of soil management 
plan (SMP). 

S-4 LUCs:  LUCs to consist of deed restrictions prohibiting residential reuse. 

S-5 
Asphalt Cap and LUC (Mercury Fulminate Area Only):  Install asphalt cap 
over MFA soils where mercury exceeds commercial RBCs; LUCs consisting of 
deed restrictions prohibiting residential reuse and requiring implementation of 
SMP. 

GW-1 No Action 

GW-2 
Permeable Reactive Barrier (PRB), LUCs, and monitoring:  Install a PRB 
downgradient of carbon tetrachloride plume (or eastern side of Buildings 280A 
and 280B) to treat carbon tetrachloride plume as it migrates through barrier; 
LUCs to prohibit use of groundwater; monitoring to assess effectiveness of PRB. 

GW-3 
In Situ Bioremediation (ISB), LUCs, and monitoring:  Develop network of 
wells to inject substrate to enhance biodegradation of carbon tetrachloride.  
LUCs to prohibit use of groundwater; monitoring to assess effectiveness of ISB. 

GW-4 
Monitored Natural Attenuation and LUCs:  Allow natural biological processes 
to occur and monitor the contaminant and daughter product reduction over time.  
LUCs to prohibit use of groundwater. 



Analysis

Value Amenable 
to MNA 

(Bioremediation) Interpretation 9/30/2010 4/14/2011 10/6/2011 4/3/2012 4/4/2013 9/30/2010 4/20/2011 10/6/2011 4/6/2012 4/4/2013 9/16/2010 4/14/2011 10/6/2011 4/3/2012 4/4/2013

Oxygen <0.5 mg/L; not >5mg/L Tolerated, suppresses the reductive 
pathway at higher concentrations 2.79 1.46 2.9 1.08 2.49 2.7 0.28 0.27 1.3 1.75 0.24 0.36 0.2 0.32 1.9

Nitrate <1 mg/L At higher concentrations may compete 
with reductive pathway 

Iron II >1 mg/L Reductive pathway possible 150 44J 50U 50U 100U 89UJ 50U 50U 100U 24J 120 50U

Sulfate  <20 mg/L At higher concentrations may compete 
with reductive pathway 

Sulfide >1 mg/L Reductive pathway possible 

Methane <0.5 mg/L >0.5 mg/L VC oxidizes Ultimate reductive daughter 
product, VC Accumulates 

Oxidation Reduction 
Potential (ORP) against 
Ag/AgCl electrode 2

<50 millivolts (mV)      
<-100mV              
673mV               
560mV               
493mV               
464mV

Reductive pathway possible 
Reductive pathway likely                              
reductive potential of CT                           
reductive potential of CF                              
reductive potential of DCM                         
reductive potential of CM

-80 40 -9 292 20 204 80 56 280 99 209 71 112 293 144

pH 5 < pH < 9 5 > pH >9 
Optimal range for reductive pathway 
Outside optimal range for reductive 
pathway 

7.72 7.96 7.5 7.03 6.81 7.63 7.76 7.7 7.14 7.03 7.49 7.75 7.44 6.92 6.86

TOC > 20 mg/L 
Carbon and energy source; drives 
dechlorination; can be natural or 
anthropogenic 

Temperature > 20oC At T >20oC biochemical process is 
accelerated 

16.74 15.45 16.05 15.17 14.56 17.49 14.65 17.1 15.02 14.28 19.6 16.36 19.3 16.33 15.73

Carbon Dioxide >2x background Ultimate oxidative daughter product 

Alkalinity >2x background 
Results from interaction between CO2 and 
aquifer minerals 

Chloride >2x background Daughter product of organic chlorine 

Hydrogen >1 nM Reductive pathway possible, VC may 
accumulate 

Hydrogen <1 nM VC oxidized 
Carbon Tetrachloride µg/L Material released 19 16 25 14 18 1.1 1.2 1 0.9 1 0.9 1.1 1.4 0.9 1.3

Chloroform µg/L Daughter product of Carbon Tetrachloride 8.6 5.5 7.6 6.6 8.4 1 0.7 0.5 0.8UJ 0.7 0.5U 0.2J 0.1J 0.5U 0.3J

Dichloromethane µg/L Daughter product of Chloroform 0.4J 10U 10UJ 10U 10U 0.5U 10U 10UJ 10U 10U 0.5U 10U 10UJ 10U 10U
Methyl Chloride 
(Chloromethane) µg/L Daughter product of Dichloromethane 0.5U 1U 1U 1U 1U 0.5U 1U 1U 1U 1U 0.5UJ 1U 1U 1U 1U

1.  EPA.  1998.  "Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water, Table 2.3."  EPA/600/R-98/128. September.

J                    Estimated value

CM            Chloromethane mg/L           Milligrams per liter

CT              Carbon tetrachloride MNA          Monitored natural attenuation

DCM         Dichloromethane U                   Nondetected

EPA          U.S. Environmental Protection Agency VC               Vinyl chloride

CF              Chloroform

GEO (Upgradient)

Table 3-6.  Monitored Natural Attenuation Parameters Comparison1

CTP B280A (Downgradient)

2.  Reduction potential values for CT, CF, DCM, and CM from "Thermodynamics of Low Eh Reactions", J. Dolfing and J. Miller, Battelle's Fifth International Conference on Remediation of Chlorinated and Recalcitrant Compounds, May 2006.
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Table 3-7.  Federal and State Applicable or Relevant and Appropriate Requirements 
 

 Chemical-Specific  

Requirement Citation Description 
Defines RCRA hazardous 
waste.   

42 U.S.C., Chapter 82, § 6901‐6991 [i] RCRA provides criteria for determining whether a solid or 
liquid waste is a RCRA hazardous waste.  A solid waste is 
characterized as toxic, based on TCLP, if the waste 
exceeds the TCLP maximum concentrations.  Applicable for 
determining whether excavated soil must be managed as 
federal hazardous waste. 

TTLCs and STLCs for 
classification of waste ‐ 
California Code of Regulations 

Cal. Code Regs. tit. 22, §§ 66261.21, 
66261.22(a)(1), 66261.23, 

66261.24(a)(1), and 66261.100 

Title 22 of the California Code of Regulations lists the 
TTLCs and STLCs for classification of hazardous or 
extremely hazardous wastes based on standards, including 
ignitability, pH, reactivity and toxicity.  It is applicable for 
determining whether excavated soil must be managed as 
California hazardous waste or non‐hazardous waste. 

Definition of non-RCRA, state 
regulated hazardous waste. 

Cal. Code Regs. tit. 22, 
§§ 66261.3(a)(2)(C) or (a)(2)(F), 

66261.22(a)(3) and (a)(4), 
66261.24(a)(2) – (a)(8), and 66261.101 

The substantive provisions of these regulations are 
applicable to activities that generate waste to determine if 
the waste is non-RCRA, state-regulated hazardous waste.  
It will be determined if the excavated soil meets the 
definition of non-RCRA, state-regulated hazardous waste 
when it is generated. 

Definition of designated, 
nonhazardous waste and inert 
waste. 

Cal. Code Regs. tit. 27, §§ 20210, 20220 
and 20230 

These regulations are applicable to activities that generate 
waste to determine if the waste is a regulated waste.  It will 
be determined if the excavated soil meets these definitions 
when it is generated. 

Toxic Substances Control Act 15 U.S.C §§ 2602,  
40 CFR § 761.3,  

40 CFR § 761.61(a)(4)(i)  

The TSCA PCB regulations specify treatment, storage and 
disposal requirements for PCBs based on their form and 
concentration.  TSCA Subpart D sets forth cleanup and 
disposal options for sites with PCBs greater than 1 mg/kg. 
40 CFR § 761.61(a)(4)(i) defines bulk PCB remediation 
waste and states the cleanup level for bulk PCB remediation 
waste in high occupancy areas is < 1 ppm. 

RWQCB, San Francisco Bay  
Region, Water Quality Control 
Plan Chapters 2 and 3  

Cal. Water Code § 13240 The Basin Plan identifies beneficial use, water quality 
objectives and waste discharge requirements. 
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 Chemical-Specific  

Requirement Citation Description 
California Toxics Rule 40 CFR §131.38(b)(1), (2). The final rule, Establishment of Numeric Criteria for Priority 

Toxic Pollutants for the State of California, "California Toxics 
Rule," 65 Fed. Reg. 31682 (May 18, 2000) sets forth 
freshwater and saltwater criterion maximum concentrations 
and criterion continuous concentrations for a number of 
metals and chemical compounds. These include arsenic, 
chromium (III), chromium (VI), copper, cyanide, lead, zinc, 
carbon tetrachloride, asbestos, and PCBs.  See Table, 65 
Fed. Reg. at 31712‐31715. 40 CFR §131.38(b)(1). The 
enforcement of the federal rule was delegated to the 
RWQCB. 
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 Location-Specific  

Requirement Citation Determination 
SWRCB Resolution 88-63 Cal. Water Code § 13140, 13240, 13245 Designates all groundwater and surface waters 

of the state as drinking water except where the 
TDS is greater than 3,000 ppm, the well yield is 
less than 200 gpd from a single well, the water 
is a geothermal resource or in a water 
conveyance facility, or the water cannot 
reasonably be treated for domestic use using 
either best management practices or best 
economically achievable treatment practices. 

Endangered Species Act 16 U.S.C. 1531 et seq.; 
50 CFR Part 200; 
50 CFR Part 402 

The federal Endangered Species Act requires that 
actions conserve endangered species or threatened 
species and critical habitats. 

California Endangered Species 
Act 

FGC Div. 3, Chapter 1.5, Section 2050 et 
seq.;  

FGC Div. 4, §3005 (a); §3511; §3513 

Prohibits the taking from the state of any endangered or 
threatened species. 

Prohibits the take or possession 
of listed fully protected birds 

Cal. Fish and Game Code § 3511 Substantive provisions of this requirement are relevant 
and appropriate.  The California clapper rail is a fully 
protected bird that may be present at the site.   

National Archaeological and 
Historic Preservation Act 

16 U.S.C. §46; 36 CFR §65 Provides for the recovery and preservation of historic 
artifacts. 
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 Action-Specific  

Requirement Citation Comments 
GENERAL 

CERCLA permit waiver 42 U.S.C. 9621(e) No Federal, State, or local permit is required for the 
portion of any removal or remedial action conducted 
entirely onsite, where such remedial action is selected 
and carried out in compliance with 42 U.S.C. § 9621.

CEQA - Mandates environmental 
impact review of certain actions 
taken by California governmental 
agencies or by private parties 
who are regulated by California 
governmental agencies, unless a 
categorical or statutory exemption 
applies. 

Cal. Public Resources Code §§21000-
21177 ; Cal. Code Regs. tit. 14, §§ 15000-

15387 

The removal action will be carried out in accordance 
with the requirements of CEQA. 

LAND USE CONTROLS 
Provides conditions for land use 
restrictions applying to successive 
owners 

Cal. Civil Code § 1471 Property owner will enter into land use covenant setting 
forth restrictions on use of property in accordance with 
this section. 

Provides requirements for land 
use controls 

Cal.Code Regs.,tit. 22, § 67391.1 This provision requires a land use covenant imposing 
appropriate limitations be executed and recorded when 
remedial or removal will result in hazardous substances 
or waste remaining at the levels that are not suitable for 
unrestricted use.  Property owner will enter into a land 
use covenant in accordance with this section. 

EXCAVATION 
Person who generates waste 
shall determine if the waste is a 
hazardous waste. 

Cal. Code Regs. tit. 22, §§ 66262.10(a), 
and 66262.11 

These regulations are applicable to any operation that 
generates waste.  During excavation, waste will be 
generated and it will be determined whether the waste is 
RCRA hazardous waste when it is generated. 

Requirements for analyzing waste 
for determining whether waste is 
hazardous. 

Cal. Code Regs. tit. 22, § 66264.13(a) and 
(b) 

These regulations are applicable to any operation that 
generates waste.  During excavation, waste will be 
generated and it will be determined whether the waste is 
RCRA hazardous waste when it is generated. 
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 Action-Specific  

Requirement Citation Comments 
Waste pile design and operating 
requirements 

Cal. Code Regs. tit. 22 § 66264.251  Specifies waste pile design and operating requirements 
including liner design and construction. 

Waste pile closure requirements Cal. Code Regs. tit. 22, § 66264.258(a) and 
(b) 

Specifies requirements for closure of waste piles 
including removal of all waste and liners and equipment 
and comply with closure and post-closure requirements. 

Soil stockpiling requirements for 
non-RCRA hazardous waste 

Cal. Health & Safety Code  
§ 25123.3 

Specifies requirements for stockpiles containing non-
RCRA hazardous waste.  Hazardous waste may be 
accumulated on-site for off-site disposal without a permit 
if specific conditions are met. 

Regulatory Oversight ‐ Soil 
Excavation and Handling 

Cal. Health & Safety Code §25358.9 and 
§25356.1 

Addresses permitting and oversight regarding 
excavation and handling of soil. Section 25358.9 of the 
Health and Safety Code excludes on‐site work from 
certain hazardous waste facility permitting requirements 
if the work is being conducted pursuant to a removal 
action plan or remedial action plan approved by DTSC 
and the cleanup complies with all applicable laws, rules, 
regulations, standards, and requirements. 

Health and Safety for Onsite 
Workers ‐ Construction Activities ‐ 
California Code of Regulations 

Cal. Code Regs. Title 8 §5192 and  
40 CFR §1910.120 

Provides regulations regarding worker health and safety 
during excavation activities while implementing remedial 
actions. 

Toxic Substances Control Act 40 CFR §761.65(c)(9); 
40 CFR § 761.61(b); 40 CFR§ 761.60(e); 
40 CFR§ 761.70(b); 40 CFR§ 761.75; 40 

CFR§ 761.77 
 

Requirements for the storage of bulk PCB remediation 
waste 40 CFR § 761.61 provides cleanup and disposal 
options for PCB remediation waste and subpart (b) 
identifies the option of performance-based disposal 
using existing approved disposal technologies.   

Air emissions requirements BAAQMD Regulation 6-1-302 Prohibits emissions aggregating more than three 
minutes in any hour an emission equal to or greater than 
20 percent opacity. 

Clean Water Act stormwater 
discharge requirements 

40 CFR § 122.44(k)(2) and (4) Best management practices will be taken to prevent 
construction pollutants from contacting stormwater and 
keep erosion products from moving off site.
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 Action-Specific  

Requirement Citation Comments 
California Environmental Quality 
Act 

Cal. Code Regs. Title 11 §§15000‐15387 et 
seq. 

Mandates environmental impact review of certain 
actions taken by California governmental agencies or by 
private parties who are regulated by California 
governmental agencies, unless a categorical or statutory 
exemption applies. 

Generation, Transport and 
Disposal Regulations  
 
California Code of Regulations 
and  
Code of Federal Regulations 

Cal. Health and Safety Code 
§§25100‐25166.5,  
25179.1‐.12 (land 

disposal restrictions ["LDRs"]), 
§§25244‐25244.24 (waste reduction 

and recycling);  
22 Cal. Code Regs. §§66260.10‐ 

66262.43, 66263.10-.32 66264.1‐.172, 
 66265.16‐	.199; 

66268.1, 66268.10‐.44,  66268.48, 
66268.49,.105‐.113, 40 CFR § 268.40-49 

(LDRs + treatment standards);  
49 CFR §§171.2(f), 

171.2 (g), 172.300, 172.301, 
172.302, 172.303, 172.304, 172.312, 

172.400 and 172.504. 

Generators of hazardous waste must observe certain 
requirements in accumulating, storing, marking and 
treating the waste while on‐site, and in preparing and 
labeling the waste for transport and disposal off site 
(HSC §§ 25123.3 (accumulation); 25123.5 & 25201 
(treatment); 25160‐25166.5, Cal. Code Regs. §§ 
66263.10-.32 (transport), 25244.4; 22 Cal. Code Regs. 
§§ 66260.200; 66262.10‐.41; 66264.1‐.172; 66265.170‐
.177 (container storage), .190‐.199 (tank storage)). 
Persons responsible for handling and transporting waste 
must receive appropriate training, and 
contingency/emergency planning and procedures must 
be in place (22 Cal. Code Regs. §§ 66262.34; 66265.16, 
.30‐.37, .50‐.56). Required records must be kept (22 
Cal. Code Regs. 66262.40).  These requirements may 
be relevant and appropriate to any future generation of 
hazardous wastes through remediation activities (e.g., 
during drilling and excavating), including manifesting 
and transporting those wastes off site (22 Cal. Code 
Regs. §§ 66262.10‐66262.47).  LDR requirements apply 
to disposal of hazardous waste to land (Cal. Code Regs. 
tit. 22, §§ 66268.1, 66268.10‐.44,  66268.48, 
66268.49,.105‐.113; 40 CFR 268.40-49) 
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 Action-Specific  

Requirement Citation Comments 
PERMEABLE REACTIVE BARRIER AND IN SITU BIOREMEDIATION 

Safe Drinking Water Act 
underground injection 
requirements 

42 U.S.C. §§ 300(f)-300(j) 
40 CFR § 144.12 

These requirements prohibit injection that allows 
movement of chemicals into underground sources of 
drinking water that may result in violations of maximum 
contaminant levels or adversely affect health.  The 
property owner will comply with these requirements 
during implementation of a PRB or ISB system. 

Treatability Study Exemptions 40 CFR 261.4; 
Cal. Code Regs., tit. 22 § 66261.4 

Under 40 CFR 261.4 EPA may grant requests on a case-
by-case basis for up to an additional two years for 
treatability studies involving bioremediation.  Cal. Code 
Regs., tit. 22 § 66261.4(e) sets forth sampling 
requirements for treatability studies. 

Person who generates waste 
shall determine if the waste is a 
hazardous waste. 

Cal. Code Regs. tit. 22, §§ 66262.10(a), 
and 66262.11 

These regulations are applicable to any operation that 
generates waste.  The property owner will generate 
waste during the remedy implementation and it will be 
determined whether the waste is RCRA hazardous waste 
when it is generated. 

Hazardous waste container 
requirements 

Cal.Code Regs., tit. 22 § § 66264.171, 
66264.172,66264.173, 66264.174, 

66264.175, 66264.178 

These sections specify requirements for containers of 
RCRA hazardous waste including maintenance, 
inspection, containment and removal. The property 
owner will comply with these requirements for any 
hazardous waste generated during implementation of a 
PRB or ISB system. 

GROUNDWATER MONITORING 
Water Quality Monitoring and 
Response Programs 

Cal.Code Regs. tit. 22 Chapter 14, Article 6, 
§§ 66264.90-66264.101 

Article 6 sets forth requirements for groundwater 
monitoring programs and are relevant and appropriate.  
These regulations address groundwater protection 
standards; constituents of concern; concentration limits; 
monitoring points and point of compliance; compliance 
period; and detection, evaluation and corrective action 
programs. 

 



Table 3-7.  Federal and State Applicable or Relevant and Appropriate Requirements 
 

RAW, Richmond Bay Campus Page 8 of 8 

Notes: 

§ Section  ISB In situ bioremediation

§§ Sections  PCB Polychlorinated biphenyl

BAAQMD Bay Area Air Quality Management District  ppm Parts per million

Cal. California  PRB Permeable reactive barrier

Cal. Code Regs. California Code of Regulations  RCRA Resource Conservation and Recovery Act

CERCLA Comprehensive Environmental Response, Compensation and Liability Act  RWQCB Regional Water Quality Control Board

CEQA California Environmental Quality Act  STLC Soluble threshold limit concentrations

CFR Code of Federal Regulations  SWRCB State Water Resources Control Board

DTSC Department of Toxic Substances Control  TCLP Toxicity characteristic leaching procedure

EPA U.S. Environmental Protection Agency  TDS Total dissolved solids

Fed. Reg Federal Regulations  tit Title

FGC California Fish and Game Code  TSCA Toxic Substances Control Act

gpd Gallons per day  TTLC Total threshold limit concentrations

HSC California Health and Safety Code  U.S.C. United States Code

 

 



Table 4-1.  PCB Areas Cost Estimate

PCB Remediation:  Excavation to TSCA High Occupancy, No Conditions
Description Unit Cost Quantity Units Subtotal

Capital Costs

1 Preconstruction - mob/demob, work plan, fencing, surveying, utility locator, 
pre-excavation characterization sampling, submittals, dust control, etc. $25,000 1 LS $25,000

2 Misc pumps $50 5 DY $250
3 Water storage tank (one clean and one waste) $200 5 DY $1,000
4 Water truck $3,000 1 WK $3,000
5 Decontamination water transport to Evergreen (Newark, CA) $440 1 Truck $440
6 Decontamination water disposal 0.95 20 GAL $19
7 Air monitoring stations $1,600 1 WK $1,600
8 Excavate PCB-contaminated soils and stage in roll-off bins onsite $30 15 BCY $450
9 Roll-off bin rental (hold 20 CY each) $475 2 EA $950

10 Soil confirmation samples and analysis $250 40 EA $10,000
11 Haul PCB-contaminated soil (assumed to be TSCA waste) to US Ecology 

(Beatty NV landfill 550 mi)
$203 25 TN $5,112

12 Landfill disposal of hazardous waste soil $198 25 TN $4,985
13 Flagman & sweeper during loading and on-site hauling $1,500 5 DY $7,500
14 Load & haul on-site backfill $3 19 LCY $56
15 Spread and compact backfill $25 15 BCY $375
16 Hydromulch backfilled areas $500 1 LS $500

Subtotal $61,237
Construction Management (15% construction line items only) $9,186

Subtotal $70,422
Contingency (20%) $14,084

Total $84,507

Notes:

1.

2. The unrestricted use remediation criteria for PCBs is 1 mg/kg.
3.

4.

Decontamination pad required to decontaminate equipment before exiting exclusion zone; decontamination pad included in MFA 
alternatives.

Confirmation sampling assumes a minimum of 5 samples per excavation (4 side-wall and 1 bottom), with additional side-wall 
samples collected every 25 feet for larger excavations.  Analyses include: PCBs.
AC=Acre; BCY=Bank (in place) cubic yard; DY=day; EA=Each; Gal=Gallon; Hr=Hour; LCY=Loose (excavated or stockpiled) 
cubic yard; LS=Lump sum; LUC=Land use control; MFA=Mercury Fulminate Area; mg/kg=milligram per kilogram; NPV=Net 
present value; O&M=Operation & maintenance; PCB=Polychlorinated biphenyl; RCRA=Resource Conservation and Recovery Act; 
RES=Research, Education, and Support; SF=Square feet; SY=Square yard; SVOC=Semivolatile organic compound; 
TCLP=Toxicity characteristic leaching procedure; TN=Ton; TSCA=Toxic Substances Control Act; ug/L=micrograms per Liter; 
WK=Week; YR=Year
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Table 4-2.  MFA Alternative S-2 Cost Estimate

Alternative S-2:  Excavation to Unrestricted Use and Off-Site Disposal
Description Unit Cost Quantity Units Subtotal

Capital Costs

1 Preconstruction - mob/demob, work plan, fencing, surveying, utility locator, 
submittals, dust control, etc. $50,000 1 LS $50,000

2 Decontamination pad $43 391 TN $16,720
3 Bottom liner for decontamination pad $1 6,000 SF $7,920
4 Prep decontamination pad area $2 1,333 SY $2,667
5 Misc pumps $50 60 DY $3,000
6 Water truck $3,000 12 WK $36,000
7 Water storage tank (one clean and one waste) $200 60 DY $12,000
8 Decontamination water transport to Evergreen (Newark, CA) $440 9 Truck $3,960
9 Decontamination water disposal 0.95 43,700 GAL $41,515

10 Air monitoring stations $11,100 12 WK $133,200
11 Excavation containment tent for MFA $50,000 1 LS $50,000
12 Demolish, haul, and recycle asphalt from a portion of the paved storage pad $44 527 TN $23,175

13 Excavate clean fill beneath pavement for later use as potential backfill $5 1,317 BCY $6,584
14 Well abandonement/replacement (piezometer MFA) $10,000 1 LS $10,000
15 Excavate mercury contaminated soils into trucks $20 14,300 BCY $286,000
16 Soil confirmation samples and analysis $600 400 EA $240,000
17 Haul mercury contaminated soil to Buttonwillow, CA landfill (260 mi and 

22 tons per load)  (assumed to be non RCRA, CA Class I waste)
$110 24,024 TN $2,652,250

18 Landfill disposal of hazardous waste soil (assumed to be non RCRA, CA 
Class I waste)

$58 24,024 TN $1,381,380

19 Load onsite fill & haul to MFA for use as backfill $3 17,875 LCY $53,625
20 MFA backfill placement $25 14,300 BCY $357,500
21 Hydromulch backfilled areas $7,000.000 1 LS $7,000
22 Flagman & sweeper during loading and on-site hauling $1,500 60 DY $90,000

Subtotal $5,464,495
Construction Management (15% capital cost line items only) $819,674

Subtotal $6,284,169
Contingency (20%) $1,256,834

Total $7,541,003

Notes:

1.

2.

3.
4.

5.

6.

7.
8.

Decontamination pad required to decontaminate equipment before exiting excavation work area; pad assumed to be 
80 feet x 40 feet.

Haul cost assumes use of end dump trucks and does not include cost for sealed bed trucks which may be needed for soil with high 
moisture content.

Threshold remediation criteria for mercury for unrestricted use = 22.8 mg/kg.

If TCLP extraction test for mercury exceeds 20 ug/L, then the soil must be treated at a mercury retort or incineration facility prior to 
landfilling.  The estimated disposal cost above does not include pretreatment. 

AC=Acre; BCY=Bank (in place) cubic yard; DY=day; EA=Each; Gal=Gallon; Hr=Hour; LCY=Loose (excavated or stockpiled) cubic
yard; LS=Lump sum; LUC=Land use control; MFA=Mercury Fulminate Area; mg/kg=milligram per kilogram; NPV=Net present 
value; O&M=Operation & maintenance; PCB=Polychlorinated biphenyl; RCRA=Resource Conservation and Recovery Act; 
RES=Research, Education, and Support; SF=Square feet; SY=Square yard; SVOC=Semivolatile organic compound; TCLP=Toxicity 
characteristic leaching procedure; TN=Ton; TSCA=Toxic Substances Control Act; ug/L=micrograms per Liter; WK=Week; 
YR=Year

Unrestricted use alternative assumes that approximately 14,300 cubic yards of mercury-contaminated soil will be excavated and 
disposed of at an offsite landfill.

Confirmation sampling assumes a minimum of 5 samples per excavation (4 side-wall and 1 bottom), with additional 
side-wall samples collected every 25 feet for larger excavations.  Analyses include: metals, SVOCs, PAHs, and PCBs.
Piezometer MFA will be abandoned and replaced.
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Table 4-3.  MFA Alternative S-3 Cost Estimate

Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, Land Use Controls, and Soil Management Plan
Description Unit Cost Quantity Units Subtotal

Capital Costs
1 Preconstruction - mob/demob, work plan, fencing, surveying, utility 

locator, submittals, dust control, etc.
$50,000 1 LS $50,000

2 Decontamination pad $43 196 TN $8,360
3 Bottom liner for decontamination pad $1 4,000 SF $5,280
4 Prep decontamination pad area $2 444 SY $889
5 Misc pumps $50 20 DY $1,000
6 Water truck $3,000 4 WK $12,000
7 Water storage tank (one clean and one waste) $200 40 DY $8,000
8 Decontamination water transport to Evergreen (Newark, CA) $440 1 Truck $440
9 Decontamination water disposal 0.95 2,300 GAL $2,185

10 Air monitoring stations $6,600 4 WK $26,400
11 Excavation containment tent for MFA $50,000 1 LS $50,000
12 Demolish, haul, and recycle asphalt from a portion of the paved storage pad $44 37 TN $1,638

13 Excavate clean fill beneath pavement for later use as potential backfill $5 93 BCY $465
14 Well abandonement/replacement (piezometer MFA) $10,000 1 LS $10,000
15 Excavate mercury contaminated soils into trucks $20 1,500 BCY $30,000
16 Soil confirmation samples and analysis $600 200 EA $120,000
19 Haul mercury contaminated soil to Buttonwillow, CA landfill (260 mi and 

22 tons per load) (assumed to be non RCRA, CA Class I waste)
$110 2,520 TN $278,208

20 Landfill disposal of hazardous waste soil (assumed to be non RCRA, CA 
Class I waste)

$58 2,520 TN $144,900

21 Load onsite fill & haul to MFA for use as backfill $3 1,875 LCY $5,625
22 MFA backfill placement $25 1,500 BCY $37,500
23 Hydromulch backfilled areas $1,500 1 LS $1,500
24 Flagman & sweeper during loading and on-site hauling $1,500 20 DY $30,000

O&M Costs
25 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078

Subtotal $841,468
Construction Management (15% capital cost line items only) $123,658

Subtotal $965,127
Contingency (20%) $193,025

Total $1,158,152

Notes:

1.

2.

3.

4.

5.

6.

7.

8. AC=Acre; BCY=Bank (in place) cubic yard; DY=day; EA=Each; Gal=Gallon; Hr=Hour; LCY=Loose (excavated or stockpiled) cubic yard; LS=Lump sum; 
LUC=Land use control; MFA=Mercury Fulminate Area; mg/kg=milligram per kilogram; NPV=Net present value; O&M=Operation & maintenance; 
PCB=Polychlorinated biphenyl; RCRA=Resource Conservation and Recovery Act; RES=Research, Education, and Support; SF=Square feet; SY=Square yard; 
SVOC=Semivolatile organic compound; TCLP=Toxicity characteristic leaching procedure; TN=Ton; TSCA=Toxic Substances Control Act; ug/L=micrograms 
per Liter; WK=Week; YR=Year

Piezometer MFA will be abandoned and replaced.

Confirmation sampling assumes a minimum of 5 samples per excavation (4 side-wall and 1 bottom), with additional side-wall samples collected every 25 feet 
for larger excavations.  Analyses include: metals, SVOCs, PAHs, and PCBs.

Decontamination pad required to decontaminate equipment before exiting RES Area; pad assumed to be 80 feet x 20 feet.

Commercial use alternative assumes that approximately 1,500 cubic yards of mercury-contaminated soil will be excavated and disposed of at an offsite landfill.

Threshold remediation criteria for mercury for commercial use = 275 mg/kg.

If TCLP extraction test for mercury exceeds 20 ug/L, then the soil must be treated at a mercury retort or incineration facility prior to landfilling.  The estimated 
disposal cost above does not include pretreatment. 

Net Present Value at 7% discount
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Alternative S-4:  Land Use Controls
Description Unit Cost Quantity Units Subtotal

Capital Costs
1 Five-year site visit $125 8 HR $1,000
2 Five-year planning department visit $125 12 HR $1,500
3 Five year review letter $125 24 HR $3,000
4 Five year review clerical and administrative fees $60 4 HR $240

Five-Year Subtotal $5,740
Construction Management (15% capital cost line items only) $861

Subtotal $6,601
Contingency (20%) $1,320

Total $7,921

Net Present Value of 6 reviews over 30 years at 7% $17,078

Notes:

1. LUCs include deed restrictions prohibiting residential use.
2. Alternative assumes 30 years of LUCs.
3.
4. HR=Hour; LUC=Land use control

Net Present Value at 7% discount

Table 4-4.  MFA Alternative S-4 Cost Estimate
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Table 4-5.  MFA Alternative S-5 Cost Estimate

Alternative S-5:  Asphalt Cap and Land Use Controls
Description Unit Cost Quantity Units Subtotal

Capital Costs

1 Preconstruction - mob/demob, work plan, fencing, surveying, utility locator, 
submittals, dust control, etc. $20,000 1 LS $20,000

2 Water truck $3,000 1 WK $3,000
3 Well abandonement/replacement (piezometer MFA) $10,000 1 LS $10,000
4 Load onsite soil fill & haul to MFA for use as sub-cap $3 542 LCY $1,625
5 Spread soil on MFA cap with excavator $20 433 BCY $8,667

6 Compact soil on MFA cap $10 433 BCY $4,333
7 Purchase/transport/laying asphalt for cap $4.40 23,400 SF $102,960
8 Flagman & sweeper during loading and on-site hauling $1,500 5 DY $7,500

O&M Costs
9 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078

Subtotal $175,163
Construction Management (15% construction line items only) $23,713

Subtotal $198,876
Contingency (20%) $39,775

Total $238,651

Notes:
1. Threshold remediation criteria for mercury for commercial use = 275 mg/kg
2. Cap is assumed to cover remediation areas, as shown in Figure 4-5.
3.
4.
5.

Piezometer MFA will be abandoned and replaced.

AC=Acre; BCY=Bank (in place) cubic yard; DY=day; EA=Each; Gal=Gallon; Hr=Hour; LCY=Loose (excavated or stockpiled) cubic 
yard; LS=Lump sum; LUC=Land use control; MFA=Mercury Fulminate Area; mg/kg=milligram per kilogram; NPV=Net present value; 
O&M=Operation & maintenance; PCB=Polychlorinated biphenyl; RCRA=Resource Conservation and Recovery Act; RES=Research, 
Education, and Support; SF=Square feet; SY=Square yard; SVOC=Semivolatile organic compound; TCLP=Toxicity characteristic 
leaching procedure; TN=Ton; TSCA=Toxic Substances Control Act; ug/L=micrograms per Liter; WK=Week; YR=Year

Net Present Value at 7% discount
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Table 4-6.  Soil Alternatives Comparative Analysis 

Alternative S-1 Alternative S-2 Alternative S-3 Alternative S-4 Alternative S-5

Alternative Description No Action
Excavation to Unrestricted Use 

and Off-Site Disposal

Excavation to Commercial Use, 
Off-Site Disposal,                
LUCs, and SMP                 Land Use Controls

Asphalt Cap at MFA,            
LUCs, and SMP      

MFA
Effectiveness 1.8 4.2 4.6 3.6 3.6

Overall Protectiveness 1 5 5 5 5
ARARs Compliance 1 5 5 5 5
Short-term Effectiveness 5 1 3 5 4
Long-term Effectiveness 1 5 5 2 3
Reduction of T, M, V 1 5 5 1 1

Implementability 5 2 4 5 4
Cost 5 1 3 4 3
Cost $0 $7,541,003 $1,158,152 $17,078 $238,651
Score1 11.8 7.2 11.6 12.6 10.6

Rank2 2 5 3 1 4
Corporation Yard
Effectiveness 1.8 4.2 4.6 3.6

Overall Protectiveness 1 5 5 5
ARARs Compliance 1 5 5 5
Short-term Effectiveness 5 1 3 5
Long-term Effectiveness 1 5 5 2
Reduction of T, M, V 1 5 5 1

Implementability 5 2 4 4
Cost 5 1 3 4
Cost $0 $257,957 $160,284 $17,078
Score1 11.8 7.2 11.6 11.6

Rank2 2 4 3 1
Remainder of RES
Effectiveness 1.8 4.2 4.6 3.6

Overall Protectiveness 1 5 5 5
ARARs Compliance 1 5 5 5
Short-term Effectiveness 5 1 3 5
Long-term Effectiveness 1 5 5 2
Reduction of T, M, V 1 5 5 1

Implementability 5 2 4 4
Cost 5 1 3 4
Score1 11.8 7.2 11.6 11.6

Rank2 2 4 3 1

Notes:

ARAR    Applicable or Relevant and Appropriate Requirements RES           Research, Education, and Support
LUC       Land Use Control SMP          Soil Management Plan
MFA      Mercury Fulminate Area T, M, V     Toxicity, Mobility, or Volume

1.  Rating scale:  1 = not effective; 2 = slightly effective; 3 = moderately effective; 4 = very effective; 5 = highly effective.  Individual scores are provided for each of the effectiveness subcategories; however, only the effectiveness, 
implementability, and cost ratings are summed to generate the Alternative score.  Overall protection and ARARs compliance are threshold criteria and receive either a 1 or a 5 rating based on whether the alternative meets the criterion.
2.  Rank is the relative order of numberic scores for alternatives.
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Table 4-7.  Corporation Yard Alternative S-2 Cost Estimate

Alternative S-2:  Excavation to Unrestricted Use and Off-Site Disposal
Description Unit Cost Quantity Units Subtotal

Capital Costs

1 Preconstruction - mob/demob, work plan, fencing, surveying, utility locator, 
submittals, dust control, etc. $25,000 1 LS $25,000

2 Misc pumps $50 10 DY $500
3 Water truck $3,000 2 WK $6,000
4 Water storage tank (one clean and one waste) $200 10 DY $2,000
5 Decontamination water transport to Evergreen (Newark, CA) $440 1 Truck $440
6 Decontamination water disposal 0.95 100 GAL $95
7 Air Monitoring Stations $1,600 2 WK $3,200
8 Excavate contaminated soils and stage in roll-off bins $20 37 BCY $740
9 Roll-off bin rental (hold 20 CY each) $475 2 EA $950

10 Soil confirmation samples and analysis $600 200 EA $120,000
11 Haul contaminated soil to Buttonwillow, CA landfill (260 mi and 22 tons per 

load) (assumed to be non RCRA, CA Class I waste)
$110 62 TN $6,862

12 Landfill disposal of hazardous waste soil (assumed to be non RCRA, CA 
Class I waste)

$58 62 TN $3,574

13 Load onsite fill & haul to Corporation Yard for use as backfill $3 46 LCY $139
14 Back fill placement $25 37 BCY $925
15 Hydromulch backfilled areas $1,500 1 LS $1,500
16 Flagman & sweeper during loading and on-site hauling $1,500 10 DY $15,000

Subtotal $186,925
Construction Management (15% construction line items only) $28,039

Subtotal $214,964
Contingency (20%) $42,993

Total $257,957

Notes:

1.

2.
3.

4.

Confirmation sampling assumes a minimum of 5 samples per excavation (4 side-wall and 1 bottom), with additional side-wall 
samples collected every 25 feet for larger excavations.  Analyses include: metals, SVOCs, PAHs, and PCBs.

Decontamination pad required to decontaminate equipment before exiting RES Area; decontamination pad included in MFA 
alternatives.
Threshold remediation criteria for chemicals for unrestricted use = unrestricted RBC or background levels

AC=Acre; BCY=Bank (in place) cubic yard; DY=day; EA=Each; Gal=Gallon; Hr=Hour; LCY=Loose (excavated or stockpiled) 
cubic yard; LS=Lump sum; LUC=Land use control; MFA=Mercury Fulminate Area; mg/kg=milligram per kilogram; NPV=Net 
present value; O&M=Operation & maintenance; PCB=Polychlorinated biphenyl; RCRA=Resource Conservation and Recovery Act; 
RES=Research, Education, and Support; SF=Square feet; SY=Square yard; SVOC=Semivolatile organic compound; TCLP=Toxicity 
characteristic leaching procedure; TN=Ton; TSCA=Toxic Substances Control Act; ug/L=micrograms per Liter; WK=Week; 
YR=Year
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Table 4-8.  Corporation Yard Alternative S-3 Cost Estimate

Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, Land Use Controls, and Soil Management Plan
Description Unit Cost Quantity Units Subtotal

Capital Costs

1 Preconstruction - mob/demob, work plan, fencing, surveying, utility locator, submittals, 
dust control, etc. $20,000 1 LS $20,000

2 Misc pumps $50 5 DY $250
3 Water truck $3,000 1 WK $3,000
4 Water storage tank (one clean and one waste) $200 5 DY $1,000
5 Decontamination water transport to Evergreen (Newark, CA) $440 1 Truck $440
6 Decontamination water disposal 0.95 100 GAL $95
7 Air Monitoring Stations $1,600 1 WK $1,600
8 Excavate contaminated soils and stage in roll-off bins $20 15 BCY $300
9 Roll-off bin rental (hold 20 CY each) $475 2 EA $950
8 Soil confirmation samples and analysis $600 100 EA $60,000

11 Haul contaminated soil to Buttonwillow, CA landfill (260 mi and 22 tons per load) 
(assumed to be non RCRA, CA Class I waste)

$110 25 TN $2,782

12 Landfill disposal of hazardous waste soil (assumed to be non RCRA, CA Class I waste) $58 25 TN $1,449

13 Load onsite fill & haul to Corporation Yard for use as backfill $3 19 LCY $56
14 Backfill placement $25 15 BCY $375
15 Hydromulch backfilled areas $1,500 1 LS $1,500
16 Flagman & sweeper during loading and on-site hauling $1,500 5 DY $7,500

O&M Costs
17 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078

Subtotal $118,375
Construction Management (15% construction line items only) $15,195

Subtotal $133,570
Contingency (20%) $26,714

Total $160,284

Notes:
1.
2.
3.
4.

5. AC=Acre; BCY=Bank (in place) cubic yard; DY=day; EA=Each; Gal=Gallon; Hr=Hour; LCY=Loose (excavated or stockpiled) cubic yard; 
LS=Lump sum; LUC=Land use control; MFA=Mercury Fulminate Area; mg/kg=milligram per kilogram; NPV=Net present value; 
O&M=Operation & maintenance; PCB=Polychlorinated biphenyl; RCRA=Resource Conservation and Recovery Act; RES=Research, Education, 
and Support; SF=Square feet; SY=Square yard; SVOC=Semivolatile organic compound; TCLP=Toxicity characteristic leaching procedure; 
TN=Ton; TSCA=Toxic Substances Control Act; ug/L=micrograms per Liter; WK=Week; YR=Year

Decontamination pad required to decontaminate equipment before exiting RES Area; decontamination pad included in MFA alternatives.
Corporation Yard commercial excavation volume is estimated at 22 cubic yards based on proposed excavations shown on Figure 4-7.
Threshold remediation criteria for chemicals for commercial use = commercial RBC or background levels
Confirmation sampling assumes a minimum of 5 samples per excavation (4 side-wall and 1 bottom), with additional side-wall samples collected 
every 25 feet for larger excavations.  Analyses include: metals, SVOCs, PAHs, and PCBs.
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Table 4-9.  Corporation Yard Alternative S-4 Cost Estimate

Alternative S-4:  Land Use Controls
Description Unit Cost Quantity Units Subtotal

Capital Costs
1 Five-year site visit $125 8 HR $1,000
2 Five-year planning department visit $125 12 HR $1,500
3 Five year review letter $125 24 HR $3,000
4 Five year review clerical and administrative fees $60 4 HR $240

Five-Year Subtotal $5,740
Construction Management (15% capital cost line items only) $861

Subtotal $6,601
Contingency (20%) $1,320

Total $7,921

Net Present Value of 6 reviews over 30 years at 7% $17,078

Notes:
1. LUCs include deed restrictions prohibiting residential use.
2. Alternative assumes 30 years of LUCs.
3.
4. HR=Hour; LUC=Land use control

Net Present Value at 7% discount
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Table 4-10.  Carbon Tetrachloride Area Alternative GW-2 Cost Estimate

Alternative GW-2:  Permeable Reactive Barrier,  Land Use Controls, and Monitoring
Description Unit Cost Quantity Units Subtotal

Capital Costs
1 Preconstruction - mob/demob, surveying, submittals, design optimization, etc. $40,000 1 LS $40,000
2 Install lightweight sheetpile wing walls $32 6,000 EA $192,000
3 Excavated slurry wall including backfill $27 9,000 CF $243,000
4 Soil disposal hauling $9 417 LCY $3,857
5 Nonhazardous soil landfill disposal cost $23 560 TN $13,020
6 Slurry disposal hauling. $9 111 CY $1,027
7 Nonhazardous slurry solidification and disposal cost $30 111 CY $3,330
8 Zero valent iron $2,153 111 CY $239,200
9 Water truck $3,000 4 WK $12,000

10 Water storage tank $100 20 DY $2,000
11 Groundwater monitoring well installation $10,000 4 EA $40,000

O&M Costs
12 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078
13 Groundwater Monitoring (NPV for 5 monitoring events over 5 years) $102,500 1 LS $102,500

Subtotal $909,012
Construction Management (15% construction line items only) $118,415

Subtotal $1,027,427
Contingency (20%) $205,485

Total $1,232,913

Notes:

1.

2.

3.
4.
5.

Decontamination pad required to decontaminate equipment before exiting RES Area; decontamination pad included in MFA 
alternatives.
Haul cost assumes use of end dump trucks and does not include cost for sealed bed trucks which may be needed for soil with 
high moisture content.
Permeable Reactive Barrier consists of two 100-foot sheetpile funnel walls with a 150-foot reactive slurry zone in between.
Groundwater monitoring assumes one monitoring event per year for 5 years for VOCs at 4 wells.
CF=Cubic feet; CY=Cubic yard; DY=Day; EA=Each; LCY=Loose (excavated or stockpiled) cubic yard; LS=Lump sum; LUC=Land use 
control; MFA=Mercury Fulminate Area; NPV=Net present value; O&M=Operation & maintenance; RES=Research, Education, and 
Support; TN=Ton; VOC=Volatile organic compound; WK=Week
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Table 4-11.  Carbon Tetrachloride Area Alternative GW-3 Cost Estimate

Alternative GW-3:  In Situ Bioremediation,  Land Use Controls, and Monitoring
Description Unit Cost Quantity Units Subtotal

Capital Costs
1 Preconstruction - mob/demob, surveying, submittals, design optimization, etc. $50,000.00 1 LS $50,000
2 Drill and inject 1000 gallons of treatment per Geoprobe hole $5,000.00 20 EA $100,000
3 Hydrogen Release Compound (HRC) $31.57 200 FT $6,314
4 HRC Primer $7.18 200 FT $1,435
5 Water truck $3,000.00 4 WK $12,000
6 Water storage tank $100.00 20 DY $2,000

O&M Costs
7 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078
8 Groundwater Monitoring (NPV for 5 monitoring events over 5 years) $102,500 1 LS $102,500

Subtotal $291,327
Construction Management (15% construction line items only) $25,762

Subtotal $317,089
Contingency (20%) $63,418

Total $380,507

Notes:

1.

2.

3.
4.
5.

Decontamination pad required to decontaminate equipment before exiting RES Area; decontamination pad included in MFA 
alternatives.
In Situ Bioremediation consists of approximately 20 injection wells located in two lines near piezometer CTP and at each grab 
groundwater location that had carbon tetrachloride detections.
Injection wells are assumed to be 2-inch  20-foot piezometers.
Groundwater monitoring assumes one monitoring event per year for 5 years for VOCs and MNA parameters at 12 wells.
DY=Day; EA=Each; FT=Feet; HRC= Hydrogen release compound; LS=Lump sum; LUC=Land use control; MFA=Mercury Fulminate 
Area; MNA=Monitored natural attenuation; NPV=Net present value; O&M=Operation & maintenance; RES=Research, Education, and 
Support; VOC=Volatile organic compound; WK=Week
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Table 4-12.  Carbon Tetrachloride Area Alternative GW-4 Cost Estimate

Alternative GW-4:  Monitored Natural Attenuation and Land Use Controls
Description Unit Cost Quantity Units Subtotal

Capital Costs
1 Install 6 groundwater monitoring wells $10,000.00 6 EA $60,000
2 Groundwater Monitoring for VOCs and MNA Parameters $25,000.00 4 LS $100,000

O&M Costs
3 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078
4 MNA Groundwater Monitoring (NPV for 5 monitoring events over 5 years) $79,125 1 LS $79,125

Subtotal $256,203
Construction Management (15% construction line items only) $24,000

Subtotal $280,203
Contingency (20%) $56,041

Total $336,244

Notes:
1.

2.

3.

Monitored Natural Attenuation consists of installing approximately 6 2-inch 20-foot piezometers.

Groundwater monitoring assumes quarterly monitoring for one year and annual monitoring event for 4 years for VOCs and MNA 
parameters at 6 wells.
EA=Each; LS=Lump sum; LUC=Land use control; MNA=Monitored natural attenuation; NPV=Net present value; O&M=Operation & 
maintenance; VOC=Volatile organic compound
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Table 4-13.  Groundwater Alternatives Comparative Analysis 

Alternative 
GW-1

Alternative 
GW-2

Alternative 
GW-3

Alternative 
GW-4

Alternative Description No Action
PRB, LUCs, 
Monitoring

ISB, LUCs, 
Monitoring MNA and LUCs

Carbon Tetrachloride Area
Effectiveness 3 4 4.2 4.4

Overall Protectiveness 5 5 5 5
ARARs Compliance 1 5 5 5
Short-term Effectiveness 5 2 3 4
Long-term Effectiveness 3 4 4 4
Reduction of T, M, V 1 4 4 4

Implementability 5 3 4 5
Cost 5 1 3 4
Cost $0 $1,232,913 $380,507 $336,244
Score1 13 8 11.2 13.4
Rank2 2 4 3 1

Notes:

ARAR    Applicable or relevant and appropriate requirements
ISB          In Situ Bioremediation PRB Permeable Reactive Barrier
LUC         Land Use Control T, M, V Toxicity, Mobility, or Volume
MNA       Monitored Natural Attenuation

1.  Rating scale:  1 = not effective; 2 = slightly effective; 3 = moderately effective; 4 = very effective; 5 = highly effective.   
      Individual scores are provided for each of the effectiveness subcategories; however, only the effectiveness, implementability, 
      and cost ratings are summed to generate the Alternative score.  Overall protection and ARARs compliance are threshold criteria 
      and receive either a 1 or a 5 rating based on whether the alternative meets the criterion.

2.  Rank is the relative order of numberic scores for alternatives.
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Table 4-14.  Site-wide Groundwater Monitoring Cost Estimate

Site-wide groundwater monitoring:  Continued Monitoring
Description Unit Cost Quantity Units Subtotal

Capital Costs
1 Site-wide Groundwater Monitoring $50,000 1 LS $50,000

O&M Costs
2 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078
3 Site-wide Groundwater Monitoring (NPV for 5 monitoring events 

over 5 years)
$166,770 1 LS $166,770

Subtotal $233,848
Construction Management (15% construction line items only) $7,500

Subtotal $241,348
Contingency (20%) $48,270

Total $289,618
Notes:

1.
2.

Groundwater monitoring assumes 5 annual monitoring event over 5 years for VOCs and MNA parameters.

LS=Lump sum; LUC=Land use control; MNA=Monitored natural attenuation; NPV=Net present value; 
O&M=Operation & maintenance; VOC=Volatile organic compound
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Table 5-1.  RAW Removal Action Costs

Mercury Fulminate Area:          Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
PCB Areas:                                   Excavation to TSCA High Occupancy Unrestricted Use and Off-Site Disposal
Corporation Yard:                       Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Remainder of RES Area:             Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Carbon Tetrachloride Area:       Alternative GW-4:  Monitored Natural Attenuation and LUCs
Site-wide Groundwater:              Continued Groundwater Monitoring

Description Unit Cost Quantity Units Subtotal
Capital Costs

1 Preconstruction - mob/demob, work plan, fencing, surveying, utility locator, submittals, dust 
control, etc.

$50,000 1 LS $50,000

2 Decontamination pad $43 196 TN $8,360
3 Bottom liner for decontamination pad $1 4,000 SF $5,280
4 Prep decontamination pad area $2 444 SY $889
5 Misc pumps $50 20 DY $1,000
6 Water truck $3,000 4 WK $12,000
7 Water storage tank (one clean and one waste) $200 40 DY $8,000
8 Decontamination water transport to Evergreen (Newark, CA) $440 1 Truck $440
9 Decontamination water disposal $1 2,300 GAL $2,185

10 Air monitoring stations $6,600 4 WK $26,400
11 Excavation containment tent for MFA $50,000 1 LS $50,000
12 Demolish, haul, and recycle asphalt from a portion of the paved storage pad $44 37 TN $1,638
13 Excavate clean fill beneath pavement for later use as potential backfill $5 93 BCY $465
14 Well abandonement/replacement (piezometer MFA) $10,000 1 LS $10,000
15 Excavate mercury contaminated soils into trucks $20 1,500 BCY $30,000
16 Soil confirmation samples and analysis $600 200 EA $120,000
17 Haul mercury contaminated soil to Buttonwillow, CA landfill (260 mi and 22 tons per load) 

(assumed to be non RCRA, CA Class I waste)
$110 2,520 TN $278,208

18 Landfill disposal of hazardous waste soil (assumed to be non RCRA, CA Class I waste) $58 2520 TN $144,900

19 Load onsite fill & haul to MFA for use as backfill $3 1875 LCY $5,625
20 MFA backfill placement $25 1500 BCY $37,500
21 Hydromulch backfilled areas $1,500 1 LS $1,500
22 Flagman & sweeper during loading and on-site hauling $1,500 20 DY $30,000
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Table 5-1.  RAW Removal Action Costs

Mercury Fulminate Area:          Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
PCB Areas:                                   Excavation to TSCA High Occupancy Unrestricted Use and Off-Site Disposal
Corporation Yard:                       Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Remainder of RES Area:             Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Carbon Tetrachloride Area:       Alternative GW-4:  Monitored Natural Attenuation and LUCs
Site-wide Groundwater:              Continued Groundwater Monitoring

Description Unit Cost Quantity Units Subtotal
23 Misc pumps $50 5 DY $250
24 Water storage tank (one clean and one waste) $200 5 DY $1,000
25 Water truck $3,000 1 WK $3,000
26 Decontamination water transport to Evergreen (Newark, CA) $440 1 Truck $440
27 Decontamination water disposal $1 20 GAL $19
28 Air monitoring stations $1,600 1 WK $1,600
29 Excavate PCB-contaminated soils and stage in roll-off bins onsite $30 15 BCY $450
30 Roll-off bin rental (hold 20 CY each) $475 2 EA $950
31 Soil confirmation samples and analysis $250 40 EA $10,000
32 Haul PCB-contaminated soil (assumed to be TSCA waste) to US Ecology (Beatty NV landfill 

550 mi)
$203 25 TN $5,112

33 Landfill disposal of hazardous waste soil $198 25 TN $4,985
34 Flagman & sweeper during loading and on-site hauling $1,500 5 DY $7,500
35 Load & haul on-site backfill $3 19 LCY $56
36 Spread and compact backfill $25 15 BCY $375
37 Hydromulch backfilled areas $500 1 LS $500
38 Misc pumps $50 5 DY $250
39 Water truck $3,000 1 WK $3,000
40 Water storage tank (one clean and one waste) $200 5 DY $1,000
41 Decontamination water transport to Evergreen (Newark, CA) $440 1 Truck $440
42 Decontamination water disposal $1 100 GAL $95
43 Air Monitoring Stations $1,600 1 WK $1,600
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Table 5-1.  RAW Removal Action Costs

Mercury Fulminate Area:          Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
PCB Areas:                                   Excavation to TSCA High Occupancy Unrestricted Use and Off-Site Disposal
Corporation Yard:                       Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Remainder of RES Area:             Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Carbon Tetrachloride Area:       Alternative GW-4:  Monitored Natural Attenuation and LUCs
Site-wide Groundwater:              Continued Groundwater Monitoring

Description Unit Cost Quantity Units Subtotal
44 Excavate contaminated soils and stage in roll-off bins $20 15 BCY $300
45 Roll-off bin rental (hold 20 CY each) $475 2 EA $950
46 Soil confirmation samples and analysis $600 100 EA $60,000
47 Haul contaminated soil to Buttonwillow, CA landfill (260 mi and 22 tons per load) (assumed 

to be non RCRA, CA Class I waste)
$110 25 TN $2,782

48 Landfill disposal of hazardous waste soil (assumed to be non RCRA, CA Class I waste) $58 25 TN $1,449

49 Load onsite fill & haul to Corporation Yard for use as backfill $3 19 LCY $56
50 Backfill placement $25 15 BCY $375
51 Hydromulch backfilled areas $1,500 1 LS $1,500
52 Flagman & sweeper during loading and on-site hauling $1,500 5 DY $7,500
53 Install 6 groundwater monitoring wells $10,000 6 EA $60,000
54 Groundwater Monitoring for VOCs and MNA Parameters $25,000 4 LS $100,000
55 Site-wide Groundwater Monitoring  $50,000 1 LS $50,000

O&M Costs
56 LUC five year reviews (NPV for 6 reviews over 30 years) $17,078 1 LS $17,078
57 MNA Groundwater Monitoring (NPV for 4 monitoring events over 4 years) $79,125 1 LS $79,125
58 Site-wide Groundwater Monitoring (NPV for 5 monitoring events over 5 years) $166,770 1 LS $166,770

Subtotal $1,414,897
Construction Management (15% capital cost line items only) $172,789

Subtotal $1,587,686
Contingency (20%) $317,537

Total $1,905,223
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Table 5-1.  RAW Removal Action Costs

Mercury Fulminate Area:          Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
PCB Areas:                                   Excavation to TSCA High Occupancy Unrestricted Use and Off-Site Disposal
Corporation Yard:                       Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Remainder of RES Area:             Alternative S-3:  Excavation to Commercial Use, Off-Site Disposal, LUCs, and Implementation of the SMP
Carbon Tetrachloride Area:       Alternative GW-4:  Monitored Natural Attenuation and LUCs
Site-wide Groundwater:              Continued Groundwater Monitoring

Description Unit Cost Quantity Units Subtotal

Notes:
1.
2.
3.

4.

5.
6.

Threshold remediation criteria for chemicals for commercial use = commercial RBC, background levels, or TSCA criteria

Net Present Value at 7% discount

Costs are not included for the remainder of the RES Area because of the speculative nature of implementing the SMP.

Confirmation sampling assumes a minimum of 5 samples per excavation (4 side-wall and 1 bottom), with additional side-wall samples collected every 25 feet for larger 
excavations.  

AC=Acre; BCY=Bank (in place) cubic yard; DY=day; EA=Each; Gal=Gallon; Hr=Hour; LCY=Loose (excavated or stockpiled) cubic yard; LS=Lump sum; LUC=Land 
use control; MFA=Mercury Fulminate Area; mg/kg=milligram per kilogram; NPV=Net present value; O&M=Operation & maintenance; PCB=Polychlorinated biphenyl; 
RCRA=Resource Conservation and Recovery Act; RES=Research, Education, and Support; SF=Square feet; SY=Square yard; SVOC=Semivolatile organic compound; 
TCLP=Toxicity characteristic leaching procedure; TN=Ton; TSCA=Toxic Substances Control Act; ug/L=micrograms per Liter; WK=Week; YR=Year

Decontamination pad required to decontaminate equipment before exiting RES Area; pad assumed to be 80 feet x 20 feet.
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ATTACHMENT B 
ADMINISTRATIVE RECORD LIST 



Attachment B, RAW, Richmond Bay Campus B-1 

Administrative Record List 
 

The following is a non-exclusive list of records, documents, and other communications relied 
upon in the development of the Richmond Bay Campus Removal Action Workplan.  The list is 
divided into the following sections: (1) statues, regulations, guidance documents, and regulatory 
directives; (2) reports and work plans; (3) correspondence including letters, notifications, and 
interviews; and (4) supporting references.  The documents are listed in chronological order 
within each section.   

Statutes, Regulations, Guidance, and Regulatory Directives: 

Date: 1975 
Type: Guidance 
Title: Polychlorinated Biphenyls (PCBs), NIOSH Current Intelligence Bulletin 7.   
Author: Lloyd, R.J.W, R.M. Moore, B.S. Woolf, and H.P. Stein. 

Date: March 17, 1982 
Type: Regulation 
Title: BAAQMD Rules and Regulations, Regulation 11, Hazardous Pollutants Rule 1, 

Lead. 
Author: BAAQMD 

Date: October 1988 
Type: Guidance 
Title: Guidance for Conducting Remedial Investigations and Feasibility Studies Under 

CERCLA 
Author: U. S. EPA 

Date: September 1986 
Type: Statute 
Title: The Comprehensive Environmental Response, Compensation, and Liability Act 

of 1980 as Amended by the Superfund Amendments and Reauthorization Act of 
1986 

Author: U.S. Congress 

Date: 1989 
Type: Guidance 
Title: Transport and Fate of Contaminants in the Subsurface.  Center for Environmental 

Research Information, Cincinnati, Ohio. 
Author: U. S. EPA 
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Date: December 1989 
Type: Guidance 
Title: Risk Assessment Guidance for Superfund (RAGS).  Volume I, Human Health 

Evaluation Manual (Part A), Interim Final.  Office of Emergency and Remedial 
Response (OERR).  Washington, DC.  EPA/540/1-89/002.   

Author: U.S. EPA 

Date: December 1989 
Type: Regulation 
Title:  Title 14, California Code of Regulations, Chapter 3, Guidelines for 

Implementation of the California Environmental Quality Act 
Author: State of California 

Date: March 8, 1990 
Type: Regulation 
Title: 40 Code of Federal Regulations Part 300, National Oil and Hazardous Substances 

Pollution Contingency Plan 
Author: U.S. Government 

Date: December 1990 
Type: Regulation 
Title: BAAQMD Rules and Regulations, Regulation 6 
Author: BAAQMD 

Date: 1990 
Type: Guidance 
Title: Region 9 Laboratory Documentation Requirements for Data Validation. 

Document Control No. 9QA-07-90. 
Author: U.S. EPA, Region 9 

Date: March 1991 
Type: Guidance 
Title: Risk Assessment Guidance for Superfund: Vol. I- Human Health Evaluation 

Manual, Supplemental Guidance, Standard Default Exposure Factors, Interim 
Final, OSWER Directive 9285.6-03 

Author: U.S. EPA, Office of Solid Waste and Emergency Response 

Date: December 1991 
Type: Guidance 
Title: Risk Assessment Guidance for Superfund: Volume 1- Human Health Evaluation 

Manual (Part B, Development of Risk-Based Preliminary Remediation Goals) 
Interim, Publication 9285.7-0lB 

Author: U.S. EPA, Office of Solid Waste and Emergency Response 
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Date: June 1992 
Type: Statute 
Title: Porter-Cologne Water Quality Control Act 
Author: State Water Resources Control Board 

Date: March 1993 
Type: Guidance 
Title: California Storm Water Best Management Practice Handbooks 
Author: Storm Water Quality Task Force 

Date: July 1993 
Type: Regulations 
Title: 40 Code of Federal Regulations, Parts 300 to 399, National Oil and Hazardous 

Substances Pollution Contingency Plan 
Author: U. S. Government 

Date: 1994 
Type: Guidance 
Title: Contract Laboratory Program National Functional Guidelines for Inorganic Data 

Review. EPA540/R-94/013 
Author: U.S. EPA, Office of Emergency and Remedial Response 

Date: 1994 
Type: Guidance 
Title: Contract Laboratory Program National Functional Guidelines for Organic Data 

Review, EPA 540/R-94/012. 
Author: U.S. EPA, Office of Emergency and Remedial Response 

Date: 1996 
Type: Guidance 
Title: Supplemental Guidance for Human Health Multimedia Risk Assessments of 

Hazardous Waste Sites and Permitted Facilities 
Author: DTSC 

Date: 1996 
Type: Guidance 
Title: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. SW-846, 

Third Edition 
Author: U.S. EPA, Office of Solid Waste and Emergency Response 

Date: August 1997 
Type: Guidance 
Title: Exposure Factors Handbook, EP A/600/P-97 /002Fa 
Author: U.S. EPA 
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Date: July 1998 
Type: Guidance  
Title: Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic 

Hydrocarbons.”  Office of Research and Development.  Washington, DC.  
EPA/600/R-93/089. 

Author: U.S. EPA 

Date: April 1998 
Type: Guidance  
Title: Ambient Concentrations of Toxic Chemicals in Sediments.”  Prepared by 

T. Gandesbery and F. Hetzel. 
Author: San Francisco Bay Regional Water Quality Control Board (RWQCB) 

Date: September 23, 1998 
Type: Guidance Memorandum 
Title:  Removal Action Workplans (RAWs) 
Author: DTSC 

Date: 1998 
Type: Guidance 
Title: EPA Requirements for Quality Assurance Project Plans for Environmental Data 

Operations, External Review Draft Final, EPA QA/R-5. 
Author: U.S. EPA 

Date: October 1998 
Type: Guidance 
Title: Guidance for Conducting Remedial Investigations and Feasibility Studies Under 

CERCLA 
Author: U.S. EPA 

Date: June 1999 (Second Printing) 
Type: Guidance 
Title: Preliminary Endangerment Assessment Guidance Manual 
Author: DTSC 

Date: May 2000 
Type: Guidance 
Title: Technical Support Document for the Determination of Acute Reference Exposure 

Levels for Airborne Toxicants 
Author: OEHHA 

Date: May 2000 
Type: Guidance 
Title: Draft Staff Report – Beneficial Reuse of Dredged Materials: Sediment Screening 

and Testing Guidelines 
Author: RWQCB 
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Date: July 2000 
Type: Guidance 
Title: A Guide to Developing and Documenting Cost Estimates During the Feasibility 

Study, EPA 504-R-00-002 
Author: U.S. EPA, Office of Solid Waste and Emergency Response. 

Date: July 1, 2001 
Type: Regulation 
Title: 40 Code of Federal Regulation Part 761 Polychlorinated Biphenyls (PCBs) 

Manufacturing, Processing, Distribution in Commerce and Use Prohibitions 
Author: U.S. Government 

Date: September 19, 2001 
Type: Order 
Title: Order 01-102, Site Cleanup Requirements for University of California and 

Zeneca, Inc.  Meade Street Operable Unit, Subunit 2. 
Author: RWQCB 

Date: October 2001 
Type: Guidance 
Title: DTSC Public Participation Manual, Chapter 3 
Author: DTSC 

Date: October 2001 
Type: Guidance 
Title: Information Advisory- Clean Imported Fill Material 
Author: DTSC 

Date: December 2001 
Type: Guidance 
Title: Transportation Plan- Preparation Guidance for Site Remediation, Interim Final 
Author: DTSC 

Date: December 2002 
Type: Guidance 
Title: Supplemental Guidance for Developing Soil Screening Levels for Superfund 

Sites, OSWER 9355.4024 
Author: U.S. EPA 

Date: December 2002 
Type: Guidance  
Title: Guidance for Quality Assurance Project Plans.  Document Number EPA QA/G-5. 
Author: U.S. EPA 
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Date: December 5, 2003 
Type: Regulatory Directive 
Title: Human Health Toxicity Values in Superfund Risk Assessments.  Memorandum 

from Michael B. Cook, Director, to Superfund National Policy Managers, 
Regions 1-10.  Office of Solid Waste and Emergency Response Directive 9285.7-
53.   

Author: U.S. EPA 

Date: January 2004 
Type: Guidance 
Title: Guidance for Monitoring at Hazardous Waste Sites:  Framework for Monitoring 

Plan and Development and Implementation.”  Office of Solid Waste and 
Emergency Response Directive 9355.4-28. 

Author: U.S. EPA 

Date: July 2004 
Type: Guidance 
Title: Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) 
Author: U.S. EPA 

Date: October 2004 
Type: Guidance 
Title: Region 9 Preliminary Remediation Goal Table.  
Author: U.S. EPA 

Date: 2004 
Type: Guidance 
Title: U.S. EPA's Johnson and Ettinger Model Updated by the Human and Ecological 

Risk Division of the California Environmental Protection Agency 
Author: Cal-EPA 

Date: January 1, 2005 
Type: Statute 
Title: California Public Resources Code, Division 13 
Author: State of California 

Date: January 2005 
Guidance 
Title: Chemical Specific Toxicity Factors, Risk Assessment Information System 
Author: Department of Energy, Office of Environmental Management and the Oak Ridge 

Operations Office 
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Date: January 2005 
Type: Guidance 
Title: Preliminary Remediation Goals Table, Region 9 
Author: U.S. EPA 

Date: January 2005 
Type: Guidance 
Title: Use of California Human Health Screening Levels (CHHSLs) in Evaluation of 

Contaminated Properties 
Author: Cal-EPA 

Date: February 2005 
Type: Guidance 
Title: Technical Support Document for the Determination of Noncancer Chronic 

Reference Exposure Levels 
Author: OEHHA 

Date: January 2005 
Type: Guidance 
Title: Human-Exposure-Based Screening Numbers Developed to Aid Estimation 

of Cleanup Costs for Contaminated Soil 
Author: Cal/EPA Office of Environmental Health Hazard Assessment (OEHHA), DTSC 

Date: May 2005 
Type: Guidance 
Title: Technical Support Document for Describing Available Cancer Potency Factors 
Author: OEHHA 

Date: October 2005 
Type: Guidance 
Title: Human Health Risk Assessment (HHRA) Note Number I 
Author: DTSC 

Date: November 2005 
Type: Guidance 
Title: Polychlorinated Biphenyl (PCB) Site Revitalization Guidance Under the Toxic 

Substances Control Act.   
Author: U.S. EPA 

Date: February 2006 
Type: Guidance 
Title: Guidance on Systematic Planning Using the Data Quality Objectives Process, 

EPA/240/B-06/001.  
Author: U.S. EPA 
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Date: June 30, 2006 
Type: Regulation 
Title: Title 4, Health and Safety, Chapter 414-4.809, Wells- Abandoned 
Author: Contra Costa County 

Date: July 11, 2006 
Type: Regulation 
Title: Title 14, California Code of Regulations, Chapter 3, Guidelines for 

Implementation of the California Environmental Quality Act 
Author: State of California 

Date: August 1, 2006 
Type: Guidance 
Title: Mercury in San Francisco Bay Proposed Basin Plan Amendment and Staff Report 

for Revised Total Maximum Daily Load (TMDL) and Proposed Mercury Water 
Quality Objectives 

Author: RWQCB 

Date: 2006 
Type: Regulation 
Title: California Code of Regulations, Title 8, Division I, Chapter 4, Subchapter 7, 

General Industry Safety Orders 
Author: State of California 

Date: 2006 
Type: Regulations 
Title: California Code of Regulations, Title 22, Division 4 and 4.5, Volume 29A 
Author: State of California 

Date: 2006 
Type: Statutes 
Title: California Health and Safety Code, Division 20, Chapters 6.5 and 6.8 
Author: State of California 

Date: 2006 
Type: Guidance 
Title: Integrated Risk Information System 
Author: U.S. EPA 

Date: 2006 
Type: Order 
Title: Site Investigation and Remediation Order, Health and Safety Code Sections 

25355.5(a)(1)(B), 25358.3(a), 58009 and 58010.  Docket No. I/SE-RAO 06/07-
004.  In the Matter of University of California Richmond Field Station, 1301 
South 46th Street, Richmond, CA 94804. 

Author: DTSC 



Attachment B, RAW, Richmond Bay Campus B-9 

Date: 2006 
Type: Order 
Title: Site Investigation and Remediation Order, Health and Safety Code Sections 

25355.5(a)(1)(B), 25358.3(a), 58009 and 58010.  Docket No. I/SE-RAO 06/07-
005.  In the Matter of Zeneca Site, aka: Stauffer Chemical Site, 1390 South 49th 
Street, Richmond, CA. 

Author: DTSC 

Date: August 1, 2006 
Type: Guidance 
Title: Mercury in San Francisco Bay Proposed Basin Plan Amendment and Staff Report 

for Revised Total Maximum Daily Load (TMDL) and Proposed Mercury Water 
Quality Objectives. 

Author: RWQCB 

Date: November 2007 
Type: Guidance 
Title: Screening for Environmental Concerns at Site with Contaminated Soil and 

Groundwater, Interim Final 
Author: San Francisco Bay Regional Water Quality Control Board 

Date: 2008 
Type: Guidance 
Title: Maximum Contaminant Levels and Regulatory Dates for Drinking Water U.S 

EPA vs. California, November 2008.  
Author: California Department of Public Health (CDPH) 

Date: May 2008 
Type: Guidance 
Title: Screening for Environmental Concerns at Sites with Contaminated Soil and 

Groundwater. 
Author: RWQCB 

Date: 2009 
Type: Guidance 
Title: HERD HHRA Note 2 (interim):  Remedial Goals for Dioxins and Dioxin-like 

Compounds for Consideration at California Hazardous Waste Sites.  
Author: DTSC 

Date: 2009 
Type: Regulatory Directive 
Title: National Primary Drinking Water Regulations - List of Contaminants and their 

MCLs. 
Author: U.S. EPA 
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Date: July 1, 2009 
Type: Guidance 
Title: Use of the Northern and Southern California Polynuclear Aromatic Hydrocarbon 

(PAH) Studies in the Manufactured Gas Plant Site Cleanup Process. 
Author: DTSC 

Date: September 2009 
Type: Guidance 
Title: Revised California Human Health Screening Levels for Lead."  Integrated Risk 

Assessment Branch, OEHHA, Cal/EPA. 
Author: OEHHA 
 
Date: 2010 
Type: Regulation 
Title: Cal. Health and Safety Code §§25368-25368.8, Article 6.3, Technology 

Demonstration Program 
Author: State of California 

Date: May 2010 
Type: Guidance 
Title: ProUCL Version 4.1.00 Technical Guide (Draft).  EPA/600/R-07/041.  Prepared 

by A. Singh, N. Armbya, and A.K. Singh.  Office of Research and Development.  
Washington, DC.   

Author: U.S. EPA 

Date: June 9, 2011 
Type: Guidance 
Title: Screening Level Human Health Risk Assessments.”  Office of Human and 

Ecological Risk (HERO).  Human Health Risk Assessment (HHRA) Note 
Number 4.   

Author: DTSC 

Date: November 2012 
Type: Guidance 
Title: Regional Screening Levels for Chemical Contaminants at Superfund Sites.   
Author: U.S. EPA 

Date: 2013 
Type: Regulations 
Title: 42 USC., Chapter 82, §6901‐6991 [i], Solid Waste Disposal 
Author: U.S. Congress 

Date: 2013 
Type: Regulations 
Title: CCR tit. 22, §§ 66261.21, 66261.22(a)(1), 66261.23, 66261.24(a)(1), and 

66261.100, TTLCs and STLCs for Classification of Water 
Author: State of California 
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Date: 2013 
Type: Regulations 
Title: CCR tit. 22,  §§ 66261.3(a)(2)(C)or (a)(2)(F),66261.22(a)(3) and (a)(4),  

66261.24(a)(2) – (a)(8), and 66261.101, Definition of Non-RCRA, State 
Regulated Hazardous Waste 

Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR tit. 27, §§ 20210, 20220 and 20230, Definition of designated, Nonhazardous 

Waste and Inert Waste 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: 15 U.S.C §§ 2602, 40 CFR 761.3, 40 CFR §761.61(a)(4)(i), Toxic Substance 

Control Act 
Author: U.S. Congress 

Date: 2013 
Type: Regulations 
Title: Cal. Water Code § 13240, Water Quality Control Plan Chapters 2 and 3 
Author: RWQCB, San Francisco Bay Region 

Date: 2013 
Type: Regulations 
Title: 40 CFR §131.38(b)(1), (2), California Toxics Rule 
Author: State of California 

Date: 2013 
Type: Resolution 
Title: Cal. Water Code § 13140, 13240, 13245 
Author: SWRCB 

Date: 2013 
Type: Regulations 
Title: 16 USC 1531 et seq.; 50 CFR Part 200; 50 CFR Part 402, Endangered Species 

Act 
Author: U.S. Congress 

Date: 2013 
Type: Regulations 
Title: FGC Div. 3, Chapter 1.5, Section 2050 et seq.; FGC Div. 4, §3005 (a); §3511; 

§3513, California Endangered Species Act 
Author: California Department of Fish and Game 
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Date: 2013 
Type: Regulations 
Title: Cal. Fish and Game Code § 3511, Prohibits Take of Fully Protected Birds 
Author: California Department of Fish and Game 

Date: 2013 
Type: Regulations 
Title: 16 USC §46; 36 CFR §65, National Archaeological and Historic Preservation Act 
Author: U.S. Congress 

Date: 2013 
Type: Regulations 
Title: Cal. Civil Code § 1471, Land Use Restrictions 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR,tit. 22, §67391.1, Land Use Controls 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: Cal. Health & Safety Code §25355.2, Financial Assurance Requirement 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR tit. 22, §§ 66262.10(a), and 66262.11, Hazardous Waste Determination 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR tit. 22, § 66264.13(a) and (b), Hazardous Waste Profiling 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR tit. 22 §66264.251, Waste Pile Design and Operation 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR tit. 22, § 66264.258(a) and (b), Waste Pile Closure 
Author: State of California 
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Date: 2013 
Type: Regulations 
Title: Cal. Health & Safety Code §25123.3, Soil Stockpiling, Non-RCRA Hazardous 

Waste 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: Cal. Health & Safety Code §25358.9 and §25356.1, Regulatory Oversight of Soil 

Excavation and Handling 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR Title 8 §5192 and 40 CFR §1910.120, Health and Safety of Construction 

Workers 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: 40 CFR §761.65(c)(9), Toxic Substances Control Act 
Author: U.S. Congress 

Date: 2013 
Type: Regulations 
Title: BAAQMD Regulation 6-1-302, Air Emissions Requirements 
Author: BAAQMD 

Date: 2013 
Type: Regulations 
Title: 40 CFR §122.44(k)(2) and (4), Clean Water Act Stormwater Discharge 
Author: U.S. Congress 

Date: 2013 
Type: Regulations 
Title: CCR Title 11 §§15000-15387 et seq., California Environmental Quality Act 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: 49 CFR §§171.2(f), 171.2 (g), 172.300, 172.301, 172.302, 172.303, 172.304, 

172.312, 172.400 and 172.504, Generation, Transport, and Disposal 
Author: U.S. Congress 
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Date: 2013 
Type: Regulations 
Title: Cal. Health and Safety Code §§25100-25166.5, 25179.1-.12 (land disposal 

restrictions ("LDRs")), §§25244-25244.24 (waste reduction and recycling); 22 
CCR §§66260.10-66262.43, 66264.1-.172, 66265.16-.199; 66268.10-.44, .105-
.113 (LDRs + treatment standards), Generation, Transport, and Disposal 

Author: State of California 

Date: 2013 
Type: Regulations 
Title: 42 U.S.C. §§ 300(f)-300(j) 40 CFR § 144.12, Safe Drinking Water Act 

Underground Injection Requirements 
Author: U.S. Congress 

Date: 2013 
Type: Regulations 
Title: CCR, tit. 22 §§ 66264.171, 66264.172,66264.173, 66264.174, 66264.175, 

66264.178, Hazardous Waste Container Requirements 
Author: State of California 

Date: 2013 
Type: Regulations 
Title: CCR tit. 22, Chapter 14, Article 6, §§66264.90-66264.10, Water Quality 

Monitoring and Response Programs 
Author: State of California 

Reports and Work Plans: 

Date: September 8, 1983 
Type: Report 
Title: NPL Site Narrative for Liquid Gold Oil Corp, Richmond, California.  Federal 

Register Notice. 
Author: U.S. EPA 

Date: 1987 
Type: Report 
Title: Hydrogeologic Assessment of the Engineering Geosciences Well Field at the 

Richmond Field Station, Contra Costa County, California. 
Author: Pouch, Gregory W. 

Date: August 1989 
Type: Report 
Title: Environmental Assessment of University of California Richmond Field Station.  

Richmond, California. 
Author: Ensco Environmental Services, Inc (EES) 
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Date: April 6, 1990 
Type: Report 
Title: Environmental Assessment for the Proposed EPA Region 9 Laboratory at the 

University of California’s Richmond Field Station. 
Author: Jonas & Stokes Associates, Inc. 

Date: May 21, 1990 
Type: Report 
Title: Draft Environmental Soil Sampling and Analysis Plan for Construction of EPA 

Laboratory at the University of California Richmond Field Station, Richmond, 
California. 

Author: Jonas & Associates, Inc. 

Date: May 21, 1990 
Type: Report 
Title: Removal Site Evaluation of Mercury in Soil and Groundwater at Former Mercury 

Fulminate Facility Richmond Field Station, Richmond, California. 
Author: Jonas & Associates, Inc. 

Date: February 22, 1991 
Type: Report 
Title: Preliminary Risk Assessment, University of California Richmond Field Station, 

Richmond, California. 
Author: Jonas & Associates, Inc. 

Date: 1993 
Type: Report 
Title: Supplemental Site Subsurface Investigation at Zeneca’s Agricultural Chemical 

Facility, Richmond, California. 
Author: Woodward-Clyde 

Date: June 21, 1993 
Type: Report 
Title: EPA Superfund Record of Decision: Liquid Gold Oil Corp., EPA ID: 

CAT000646208, OU01, Richmond, California. 
Author: U.S. EPA 

Date: April 1998 
Type: Report 
Title: Ambient Concentrations of Toxic Chemicals in Sediments 
Author: RWQCB 
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Date: December 10, 1999 
Type: Report 
Title: Final Field Sampling and Analysis Plan and Tiered Risk Evaluation, University of 

California, Berkeley, Richmond Field Station. 
Author: URS Corporation (URS) 

Date: December 2000 
Type: Report 
Title: Field Sampling and Analysis Results, University of California Berkeley, 

Richmond Field Station/Stege Marsh. 
Author: URS 

Date: November 21, 2001 
Type: Report 
Title: Human Health and Ecological Tiered Risk Evaluation, University of California, 

Berkeley, Richmond Field Station/Stege Marsh, Richmond, California. 
Author: URS 

Date: November 21, 2001 
Type: Report 
Title: Results of Additional Soil and Groundwater Investigations and Groundwater 

Monitoring Plan, Upland Portion of Subunit 2A, Richmond Field Station, 
Richmond, California (Tasks 2A and 2B, RWQCB Order No. 01-102). 

Author: URS 

Date: November 21, 2001 
Type: Report 
Title: Results of Additional Soil and Groundwater Investigations and Surface Water 

Monitoring Plan, Marsh Portion of Subunit 2A, Richmond Field Station, 
Richmond, California (Tasks 3A and 3B, RWQCB Order No. 01-102). 

Author: URS 

Date: February 28, 2002 
Type: Work Plan 
Title: Workplan for Additional Sediment Sampling and Surface Water Monitoring, 

Marsh Portion of Subunit 2B, Richmond Field Station, Richmond, California 
(Task 5A, RWQCB Order No. 01-102). 

Author: URS 

Date: February 28, 2002 
Type: Work Plan 
Title: Workplan for Additional Soil and Groundwater Investigation, Upland Portion of 

Subunit 2B, Richmond Field Station, Richmond, California (Task 4A, RWQCB 
Order No. 01-102). 

Author: URS 



Attachment B, RAW, Richmond Bay Campus B-17 

Date: August 16, 2002 
Type: Report 
Title: Remedial Design Details – Addendum, Subunit 2A, Meade Street Operable Unit, 

Richmond Field Station, Richmond, California (Tasks 2D and 3D, RWQCB 
Order No. 01-102). 

Author: URS 

Date: October 31, 2002 
Type: Report 
Title: Results of Additional Soil and Groundwater Investigations, Upland Portion of 

Subunit 2B, Richmond Field Station, Richmond, California (Task 4B, RWQCB 
Order No. 01-102). 

Author: URS 

Date: November 6, 2002 
Type: Report 
Title: Remedial Design Details – Addendum 2, Mercury Treatability Study Results, 

Subunit 2A, Operable Unit, Richmond Field Station, Richmond, California (Tasks 
2D and 3D, RWQCB Order No. 01-102). 

Author: URS 

Date: December 17, 2002 
Type: Report 
Title: Conceptual Remedial Action Plan, Marsh Portion of Subunit 2B, Richmond Field 

Station, Richmond, California (Task 5B, RWQCB Order No. 01-102). 
Author: URS 

Date: April 15, 2003 
Type: Report 
Title: Remedial Action Plan, Phase 2 Subunits 2A and 2B Marsh, Meade Street 

Operable Unit, University of California, Berkeley, Richmond Field Station (Task 
4C, RWQCB Order No. 01-102. 

Author: URS 

Date: May 28, 2003 
Type: Report 
Title: Richmond Field Station Remediation Project, Initial Study, California 

Environmental Quality Act. 
Author: URS 

Date: July 25, 2003 
Type: Report 
Title: Richmond Field Station Remediation Project, Biological Assessment Report at 

the University of California Berkeley’s Richmond Field Station in California. 
Author: BBL 



Attachment B, RAW, Richmond Bay Campus B-18 

Date: September 4, 2003 
Type: Report 
Title: Implementation Report, Phase 1 Subunit 2A, Meade Street Operable Unit, 

University of California, Berkeley, Richmond Field Station (Tasks 2E and 3E, 
RWQCB Order No. 01-102). 

Author: URS 

Date: January 2004 
Type: Report 
Title: Invasive/Exotic Vegetation Management Program, University of California, 

Berkeley, Richmond Field Station, Richmond, California. 
Author: Blasland, Bouck & Lee, Inc. (BBL) 

Date: July 13, 2004 
Type: Report 
Title: Remedial Action Plan, Phase 3 Upland Portion of Subunit 2B, Meade Street 

Operable Unit, University of California, Berkeley, Richmond Field Station (Tasks 
4B and 4C, RWQCB Order No. 01-102). 

Author: URS 

Date: August 2004 
Type: Report 
Title: Western Stege Marsh Restoration Project Monitoring Plan, University of 

California, Berkeley, Richmond Field Station, Richmond, California. 
Author: BBL 

Date: December 3, 2004 
Type: Report 
Title: Groundwater, Surface Water, and Sediment Monitoring Plan, Subunit 2, Meade 

Street Operable Unit, University of California, Berkeley, Richmond Field Station, 
Richmond, California. 

Author: BBL 

Date: December 3, 2004 
Type: Report 
Title: Implementation Report, Phase 2 Subunit 2A and 2B, Meade Street Operable Unit, 

University of California, Berkeley, Richmond Field Station (Tasks 2E, 3E, and 
5D, RWQCB Order No. 01-102). 

Author: URS 

Date: May 12, 2005 
Type: Report 
Title: Current Conditions Report, Lot 1, 1200 South 47th Street, Campus Bay, 

Richmond, California. 
Author: LFR, Inc. (LFR) 



Attachment B, RAW, Richmond Bay Campus B-19 

Date: June 3, 2005 
Type: Report 
Title: Draft Technical Report, Conceptual Remedial Action Plan - Addendum, Marsh 

Portion of Subunit 2B, Richmond Field Station, University of California 
Berkeley, Richmond, California. 

Author: URS 

Date: June 16, 2005 
Type: Report 
Title: Implementation Report, Phase 3 Upland Portion of Subunit 2B, Meade Street 

Operable Unit, University of California, Berkeley, Richmond Field Station (Task 
4D, RWQCB Order No. 01-102). 

Author: URS 

Date: June 24, 2005 
Type: Report 
Title: Current Conditions Report, Lot 2, 1200 South 47th Street, Campus Bay, 

Richmond, California. 
Author: LFR 

Date: July 29, 2005 
Type: Report 
Title: Current Conditions Report, Lot 3, 1200 South 47th Street, Campus Bay, 

Richmond, California. 
Author: LFR 

Date: August 2005 
Type: Report 
Title: Western Stege Marsh Restoration Project Year 1 Monitoring Report, University 

of California, Berkeley, Richmond Field Station, Richmond, California. 
Author: BBL 

Date: August 2005 
Type: Report 
Title: Western Stege Marsh Restoration Project Year 1 Monitoring Report, University 

of California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech, Inc. (Tetra Tech, formerly Tetra Tech EM Inc.) 

Date: September 2005 
Type: Report 
Title: Second Five-Year Review Report, Liquid Gold Site, Richmond, California. 
Author: Environmental Resource Management 



Attachment B, RAW, Richmond Bay Campus B-20 

Date: December 8, 2005 
Type: Report 
Title: Revised Technical Specifications for Well Destructions, University of California 

Berkeley, Richmond Field Station. 
Author: Stellar Environmental Solutions (Stellar) 

Date: 2006 
Type: Report 
Title: Provisional Joint Health Statement Summary, The Zeneca and UC Richmond 

Field Station Sites. 
Author: Contra Costa County Health Services and California Department of Health 

Services 

Date: March 8, 2006 
Type: Report 
Title: Well Closure Documentation Report, University of California Berkeley, 

Richmond Field Station. 
Author: Stellar 

Date: October 31, 2006 
Type: Report 
Title: Health and Safety Plan Addendum, University of California, Berkeley, Richmond 

Field Station, Richmond, California. 
Author: Tetra Tech 

Date: November 2006 
Type:  
Title: Fact Sheet, DTSC Oversees Pilot Study at Bio-Rad Laboratories, Regatta 

Boulevard, Richmond, California.   
Author: DTSC 

Date: November 2, 2006 
Type: Report 
Title: Field Implementation Plan for Surface Water, Stormwater and Sediment 

Monitoring, University of California, Berkeley, Richmond Field Station, 
Richmond, California. 

Author: Tetra Tech 

Date: December 18, 2006 
Type: Report 
Title: Surface Water, Sediment, and Stormwater Sampling Summary Report, University 

of California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 



Attachment B, RAW, Richmond Bay Campus B-21 

Date: 2007 
Type: Report 
Title: Envirostor Public Profile Report.   
Author: DTSC 

Date: February 2, 2007 
Type: Report 
Title: Draft Final Remedial Investigation Report Lot 3, Campus Bay 1200 South 47th 

Street, Richmond, California. 
Author: LFR 

Date: February 7, 2007 
Type: Report 
Title: Interim Soil Management Plan for the Upland and Transition Areas, University of 

California, Berkeley, Richmond Field Station. 
Author: Tetra Tech 

Date: May 16, 2007 
Type: Report 
Title: Pyrite Cinder-Containing Soil Management Procedures.  Prepared by Greg Haet, 

Associate Director, University of California, Office of Environment, Health and 
Safety. 

Author: UC Berkeley 

Date: July 23, 2007 
Type: Report 
Title: Technical Memorandum: Background Concentrations of Arsenic in Soil at 

Campus Bay, Campus Bay Site, Richmond, California. 
Author: Erler & Kalinowski, Inc. (EKI) 

Date: August 10, 2007 
Type: Report 
Title: Botanical Survey Report. 
Author: URS 

Date: August 15, 2007 
Type: Report 
Title: Evaluation of Exposure to Contaminants at the University of California, Berkeley, 

Richmond Field Station, 1301 South 46th Street (Public Comment Draft). 
Author: CDPH 

Date: August 24, 2007 
Type: Report 
Title: Memorandum for a Time-Critical Removal Action at the Former Forest Products 

Laboratory Wood Treatment Laboratory, University of California Berkeley, 
Richmond Field Station. 

Author: Tetra Tech 



Attachment B, RAW, Richmond Bay Campus B-22 

Date: September 2007 
Type: Report 
Title: 2-Page Summary, “Results of a Draft Public Health Evaluation about 

Contaminants at the UC Richmond Field Station.” 
Author: Contra Costa County Health Services Department 

Date: September 20, 2007 
Type: Report 
Title: Soil Confirmation and Perimeter Air Monitoring Plan, University of California, 

Berkeley, Richmond Field Station, Richmond, California. 
Author: University of California, Berkeley (UC Berkeley) 

Date: January 8, 2008 
Type: Report 
Title: Year 2 Monitoring Report for the Western Stege Marsh Restoration Project.  

University of California, Berkeley, Richmond Field Station, Richmond, 
California. 

Author: Tetra Tech 

Date: March 14, 2008 
Type: Report 
Title: Implementation Summary Report for a Time-Critical Removal Action at the 

Forest Products Laboratory Wood Treatment Laboratory, University of 
California, Berkeley, Richmond Field Station, Richmond, California. 

Author: Tetra Tech 

Date: April 30, 2008 
Type: Report 
Title: Revised Human Health Risk Assessment and Calculation of Site-Specific Goals 

for Lots 1, 2, and 3.  Campus Bay Site, Richmond, California. 
Author: EKI 

Date: July 11, 2008 
Type: Report 
Title: Memorandum for a Time-Critical Removal Action at Two Campfire Locations in 

the Western Transition Area, University of California, Berkeley, Richmond Field 
Station, Richmond, California. 

Author: Tetra Tech 

Date: August 22, 2008 
Type: Report 
Title: Indoor Air Monitoring Report, University of California, Berkeley, Richmond 

Field Station, Richmond California. 
Author: Tetra Tech 



Attachment B, RAW, Richmond Bay Campus B-23 

Date: November 21, 2008 
Type: Report 
Title: Current Conditions Report, University of California, Berkeley, Richmond Field 

Station, Richmond California. 
Author: Tetra Tech 

Date: March 16, 2009 
Type: Report 
Title: Public Health Assessment Evaluation of Exposure to Contaminants from the 

Zeneca/Campus Bay Site, 1200 South 47th Street, Richmond, Contra Costa 
Country, California, EPA Facility ID:  CAD009123456. 

Author: Agency for Toxic Substances and Disease Registry (ATSDR) 

Date: March 19, 2009 
Type: Report 
Title: Year 3 Monitoring Report for the Western Stege Marsh Restoration Project. 

University of California, Berkeley, Richmond Field Station, Richmond, 
California. 

Author: Tetra Tech 

Date: April 2009 
Type: Report 
Title: Public Participation Plan, Richmond Southeast Shoreline Area, Richmond, 

California.”  Prepared by Yvette LaDuke, Public Participation Specialist, DTSC. 
Author: DTSC 

Date: May 14, 2009 
Type: Report 
Title: Human Health Risk Evaluation for Marsh Volunteers, PCA 95060. 
Author: DTSC 

Date: May 26, 2009 
Type: Report 
Title: Final Implementation Summary Report for a Time-Critical Removal Action at 

Two Subareas in the Western Transition Area, University of California Berkeley, 
Richmond Field Station, Richmond, California. 

Author: Tetra Tech 

Date: June 22, 2009 
Type: Work Plan 
Title: Workplan for Evaluation of Pre-Construction Conditions in Soil, Meade By-Pass 

Roadway, Richmond, California. 
Author: PES Environmental, Inc. 



Attachment B, RAW, Richmond Bay Campus B-24 

Date: August 12, 2009 
Type: Report 
Title: Year 4 Monitoring Report for the Western Stege Marsh Restoration Project. 
Author: Tetra Tech 

Date: November 2, 2009 
Type: Report 
Title: Results of Evaluation of Pre-Construction Conditions in Soil, Meade By-Pass 

Roadway, Richmond, California. 
Author: PES Environmental, Inc. 

Date: December 2009 
Type: Report 
Title: Western Stege Marsh Restoration Project: Vegetation Monitoring Report – 2009. 
Author: May & Associates, Inc. 

Date: December 23, 2009 
Type: Report 
Title: Technical Memorandum:  Geotechnical Memorandum - Hydrogen Fuel Station 

Limited Geotechnical Investigation. 
Author: Nichols Consulting Engineers, Chtd. 

Date: March 17, 2010 
Type: Report 
Title: Final Release, Public Health Assessment Evaluation of Exposure to Contaminants 

at the University of California, Berkeley, Richmond Field Station, 1301 South 
46th Street, Richmond, Contra Costa Country, California, EPA Facility ID:  
CAD980673628.  Prepared by the California Department of Public Health.  
Published for public comment on July 28, 2008. 

Author: ATSDR 

Date: June 2, 2010 
Type: Work Plan 
Title: Final Field Sampling Workplan, Appendix A, Quality Assurance Project Plan, 

University of California, Berkeley, Richmond Field Station, Richmond, 
California. 

Author: Tetra Tech 

Date: June 2, 2010 
Type: Work Plan 
Title: Final Field Sampling Workplan, Appendix B, Health and Safety Plan, University 

of California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 



Attachment B, RAW, Richmond Bay Campus B-25 

Date: June 2, 2010 
Type: Work Plan 
Title: Final Phase I Groundwater Sampling, Field Sampling Workplan, University of 

California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: September 21, 2010 
Type: Report 
Title: Five-Year Review Report, Third Five-Year Review for Liquid Gold Oil 

Corporation Site, Richmond, California, September 2010.  
Author: U.S. EPA 

Date: September 30, 2010 
Type: Report 
Title: Year 5 Monitoring Report for the Western Stege Marsh Restoration Project. 

University of California, Berkeley, Richmond Field Station, Richmond, 
California. 

Author: Tetra Tech 

Date: March 25, 2011 
Type: Report 
Title: Proposed Continued Groundwater Monitoring Locations, University of 

California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: July 2011 
Type: Report 
Title: Radiological Confirmatory Action Plan, Volume I Radiological Sampling and 

Survey Plan.  Prepared for UC Berkeley Capital Projects, Richmond Field Station 
Buildings B102 and B110. 

 
Author: New World Environmental 
Date: August 19, 2011 
Type: Report 
Title: Final Technical Memorandum for Well Destructions, University of California, 

Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: August 22, 2011 
Type: Report 
Title: Final, Revision 1, Phase I Groundwater Sampling Results, Technical 

Memorandum, University of California, Berkeley, Richmond Field Station, 
Richmond, California. 

Author: Tetra Tech 



Attachment B, RAW, Richmond Bay Campus B-26 

Date: August 31, 2011 
Type: Work Plan 
Title: Soil Gas Investigation Work Plan Describing Sampling Along the Campus Bay 

and the University of California Richmond Field Station Property Border, 
Richmond, California. 

Author: Terraphase Engineering Inc. (Terraphase) 

Date: September 12, 2011 
Type: Report 
Title: Final Phase II Field Sampling Plan, University of California, Berkeley, Richmond 

Field Station, Richmond, California. 
Author: Tetra Tech 

Date: November 18, 2011 
Type: Report 
Title: Technical Memorandum, University of California Richmond Field Station 

Biologically Active Permeable Barrier Groundwater Sampling Results. 
Author: Terraphase 

Date: November 30, 2011 
Type: Report 
Title: Soil Gas Sampling Results, Campus Bay and University of California Richmond 

Field Station Property Boundary, Richmond, California. 
Author: Terraphase 

Date: March 2013 
Type: Work Plan 
Title: Removal Action Work Plan for the Pistol Range, Stege Property, Richmond, 

California.”  Prepared for Union Pacific Railroad Company.   
Author: CH2MHill 

Date: January 20, 2012 
Type: Report 
Title: Draft Technical Memorandum for Well Closures, University of California, 

Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: February 1, 2012 
Type: Work Plan 
Title: Field Sampling Work Plan to conduct additional groundwater investigations 

within and in the vicinity of the BAPB at the University of California Berkeley, 
Richmond Field Station, Richmond, California. 

Author: Terraphase 



Attachment B, RAW, Richmond Bay Campus B-27 

Date: February 1, 2012 
Type: Report 
Title: Final, Revision 1, Phase I April 2011 Groundwater Sampling Results, Technical 

Memorandum, Revision 1, University of California, Berkeley, Richmond Field 
Station, Richmond, California. 

Author: Tetra Tech 

Date: February 29, 2012 
Type: Report 
Title: Final Phase I October 2011 Groundwater Sampling Results, Technical 

Memorandum, University of California, Berkeley, Richmond Field Station, 
Richmond, California. 

Author: Tetra Tech 

Date: March 6, 2012 
Type: Report 
Title: Wetland Determination, Western Stege Marsh, University of California, Berkeley, 

Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: March 16, 2012 
Type: Report 
Title: Proposed Continued Groundwater Monitoring, April 2012, University of 

California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: June 11, 2012 
Type: Report 
Title: Final Phase II Sampling Results, Technical Memorandum, University of 

California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: June 11, 2012 
Type: Report 
Title: Final Technical Memorandum for Well Closures, University of California, 

Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: September 10, 2012 
Type: Report 
Title: Pilot Study Summary Report for the In Situ Treatment of Volatile Organic 

Compounds in Groundwater, 2011 Injections, Lot 1, Former Zeneca Facility, 
Campus Bay Project, Richmond, California. 

Author: Arcadis 



Attachment B, RAW, Richmond Bay Campus B-28 

Date: September 10, 2012 
Type: Report 
Title: Final Phase III Field Sampling Plan, University of California, Berkeley, 

Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: November 18, 2012 
Type: Report 
Title: Final Status Survey Report for UC Berkeley Capital Projects, Richmond Field 

Station, Buildings B102 and B110. 
Author: New World Environmental Inc. 

Date: December 12, 2012 
Type: Report 
Title: Final Phase I November 2010 through April 2012 Groundwater Sampling Results, 

Technical Memorandum, University of California, Berkeley, Richmond Field 
Station, Richmond, California. 

Author: Tetra Tech 

Date: January 9, 2013 
Type: Report 
Title: Draft Site Characterization Report, Proposed Richmond Bay Campus, University 

of California, Berkeley, Richmond Field Station, Richmond, California. 
Author: Tetra Tech 

Date: January 23, 2013 (revision to original submitted October 22, 2012) 
Type: Work Plan 
Title: Storm Water Pollution Prevention Plan for the Stockpiling of CRT Soil at the 

Richmond Field Station, Richmond, California 
Author: 4LEAF, Inc. 

Date: March 5, 2013 
Type: Work Plan 
Title: Notification of Piezometer Abandonment and Installation, and Scope of Work, 

University of California, Berkeley, Richmond Field Station, Richmond, 
California. 

Author: Tetra Tech 

Date: May 28, 2013 
Type: Report 
Title: Final Site Characterization Report, Proposed Richmond Bay Campus, Research, 

Education, and Support Area and Groundwater with the Richmond Field Station 
Site. 

Author: Tetra Tech 



Attachment B, RAW, Richmond Bay Campus B-29 

Correspondence including letters, notifications, and interviews:  

Date: April 1973 
Type: Notification 
Title: Sanitary Engineering Research Laboratory News Quarterly.  Volume XXIII, No. 

2.  Richmond, California. 
Author: UC Berkeley 

Date: 1974 
Type: Interview 
Title: The Sanitary Engineering Research Laboratory: Administration, Research, and 

Consultation, 1950-1972—An Interview Conducted by Malca Chall.  Regional 
Oral History Office, UC, Berkeley. 

Author: McGauhey, P.H. 

Date: March 22, 1991 
Type: Letter 
Title: Letter from John Wise, EPA, to Daniel Boggan, UC Berkeley, regarding 

Richmond Field Station site conditions and risk posed to workers in planned 
Region IX laboratory. 

Author: U.S. EPA 

Date: June 12, 2000 
Type: Interview 
Title: Interview regarding RFS Operational History.  Between Anna Moore, 

Environment, Health & Safety, UC Berkeley; and Larry Bell, RFS Operations 
Staff. 

Author: UC Berkeley 

Date: June 13, 2000 
Type: Interview 
Title: Interview regarding RFS Operational History.  Between Anna Moore, 

Environment, Health & Safety, UC Berkeley; and Stewart Foster and John Potter, 
Researchers, Richmond Field Station. 

Author: UC Berkeley 

Date: June 7, 2001 
Type: Interview 
Title: Interview regarding RFS Operational History. Between Anna Moore, 

Environment, Health & Safety, UC Berkeley; and Dana Krauter, RFS Operations 
Staff, Richmond Field Station. 

Author: UC Berkeley 



Attachment B, RAW, Richmond Bay Campus B-30 

Date: March 19, 2002 
Type: Letter 
Title: Letter from Tina Low, RWQCB, to Lee Erikson, Zeneca, Inc. regarding “Water 

Quality Certification for Cleanup Activities at Zeneca Richmond Facility, City of 
Richmond, Contra Costa County.” 

Author: RWQCB 

Date: November 1, 2002 
Type: Response to Comments 
Title: Response to Comments on Human Health and Ecological Tiered Risk Evaluation, 

University of California, Berkeley, Richmond Field Station, Richmond, 
California. 

Author: URS 

Date: June 2003 
Type: Letter 
Title: Nationwide Permit 38 Modification Request (ACOE File No. 25417S), Western 

Stege Marsh Remediation and Restoration Project, Richmond, California. 
Author: BBL 

Date: June 26, 2003 
Type: Letter 
Title: Letter from Diane Mims, BBL, to Bob Batha, San Francisco Bay Conservation 

and Development Commission, regarding a Revision to Permit No. M01-52, 
Western Stege Marsh Remediation and Restoration Project, Richmond, 
California. 

Author: BBL 

Date: June 27, 2003 
Type: Letter 
Title: Letter from Steven McAdam, BCDC, to Diane Mims, BBL, regarding 

Amendment No. Two to BCDC Permit No. M01-52(b), Western Stege Marsh 
Remediation and Restoration Project, Richmond, California. 

Author: San Francisco Bay Conservation and Development Commission (BCDC) 

Date: July 16, 2003 
Type: Letter 
Title: Letter from Edward Denton, UC Berkeley, Capital Projects, to Chancellor 

Berdahl, UC Berkeley regarding “Project and Environmental Approval for the 
Richmond Field Station Remediation Project, SCH #2003052124.” 

Author: UC Berkeley 



Attachment B, RAW, Richmond Bay Campus B-31 

Date: July 24, 2003 
Type: Letter 
Title: Letter from Diane Mims, BBL, to Michelle Levenson, BCDC, regarding 

“Additional Information Requested to Complete Revision to Permit No. M01-52 
for the UC Berkeley RFS Remediation Project at Stege Marsh.” 

Author: BBL 

Date: September 4, 2003 
Type: Letter 
Title: Letter from Edward Wylie, Department of the Army, to Mike Hryciw, UC 

Berkeley, Capital Projects, regarding File Number 28135S - Western Stege Marsh 
Remediation and Restoration. 

Author: Department of the Army, San Francisco District, Corp of Engineers. 

Date: August 19, 2005 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding purple ooze seeping from the grassy 
area in front of Building 484. 

Author: DTSC 

Date: September 27, 2006 
Type: Letter 
Title: Letter from Greg Haet, University of California EH&S, to Barbara Cook, DTSC, 

proposing Greg Haet from UC Berkeley Environment Health, & Safety as the 
Project Coordinator for work performed pursuant to the DTSC Order,  “UC Site 
Investigation and Remediation Order, Section 6.1.” 

Author: UC Berkeley 

Date: September 27, 2006 
Type: Letter 
Title: Letter from Greg Haet, University of California Environment Health, & Safety, to 

Barbara Cook, DTSC, proposing John Bosche from Tetra Tech EMI as the Project 
Engineer/Geologist for work performed pursuant to the DTSC Order, “University 
of California (UC) Site Investigation and Remediation Order, Section 6.2.” 

Author: UC Berkeley 

Date: October 5, 2006 
Type: Letter 
Title: Letter from William Marsh, Law Office of John D. Edgcomb, to Barbara Cook, 

DTSC, regarding concurrence with the UC’s letters identifying Greg Haet as the 
Project Coordinator and John Bosche from Tetra Tech EMI as the Project 
Engineer/Geologist for work performed pursuant to the DTSC Order. 

Author: Law Office of John D. Edgcomb. 



Attachment B, RAW, Richmond Bay Campus B-32 

Date: November 14, 2006 
Type: Interview 
Title: Interview regarding RFS Operational History.  Between Scott Shackleton, Karl 

Hans, Larry Bell, and Greg Haet, UC Berkeley; and Julia Vetromile and Leslie 
Lundgren, Tetra Tech EM Inc. 

Author: UC Berkeley 

Date: December 21, 2006 
Type: Interview 
Title: Interview regarding RFS Operational History.  Between Karl Hans, Environment 

Health, & Safety, RFS and Rick Alcarez, former RFS employee, Greg Haet and 
Karl Hans of RFS; Lynn Nakashima of DTSC; Gene Barry of 4LEAF, Inc.; and 
Julia Vetromile of Tetra Tech EM Inc. 

Author: UC Berkeley 

Date: February 16, 2007 
Type:  
Title: Information on site operations, chemicals, and radioactive material use provided 

by Karl Hans, University of California, Berkeley Office of EH&S. 
Author: UC Berkeley 

Date: March 15, 2007 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding comments on the Draft Interim Soil 
Management Plan for the Upland and Transition Areas for the University of 
California, Berkeley, Richmond Field Station. 

Author: DTSC 

Date: May 25, 2007 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding approval of the “Pyrite Cinder-
Containing Soil Management Procedures,” outlined in a letter from Greg Haet 
dated May 16, 2007. 

Author: DTSC 

Date: September 2007 
Type: Notification 
Title: Notice of Public Comment Period, Administrative Record, Time Critical Removal 

Action, University of California Berkeley, Richmond Field Station, October 1, 
2007 to October 30, 2007. 

Author: DTSC 



Attachment B, RAW, Richmond Bay Campus B-33 

Date: September 17, 2007 
Type: Notification 
Title: California Environmental Quality Act Notice of Exemption for the “Time-Critical 

Removal Action at the Former Forest Products Laboratory Wood Treatment 
Laboratory, University of California Berkeley, Richmond Field Station.” 

Author: DTSC 

Date: September 17, 2007 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding approval of the “Final Memorandum for 
a Time-Critical Removal Action at the Former Forest Products Laboratory Wood 
Treatment Laboratory, University of California, Berkeley, Richmond Field 
Station, Richmond, California.” 

Author: DTSC 

Date: September 21, 2007 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding approval of the “Soil Confirmation and 
Perimeter Air Monitoring Plan to be implemented as part of the Final 
Memorandum for a Time-Critical Removal Action at the Former Forest Products 
Laboratory Wood Treatment Laboratory, University of California, Berkeley, 
Richmond Field Station, Richmond, California.” 

Author: DTSC 

Date: September 24, 2007 
Type: Letter 
Title: Letter from Catherine Koshland, UC Berkeley, to Tracy Barreau, California 

Department of Public Health, regarding “UC Comments on the Draft RFS Public 
Health Assessment.” 

Author: UC Berkeley 

Date: October 1, 2007 
Type: Letter 
Title: Letter to Doug Mosteller, Cherokee Simeon Venture I, LLC, from Barbara Cook, 

DTSC, Concurring on the Recommendation of 16 mg/kg Arsenic as a Good 
Estimator of the Upper Range of the Ambient Distribution of Arsenic at the 
Campus Bay Site. 

Author: DTSC 



Attachment B, RAW, Richmond Bay Campus B-34 

Date: October 23, 2007 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding approval of the MSRI soil as acceptable 
backfill material in the Former Forest Products Laboratory Wood Treatment 
Laboratory Area Time Critical Removal Action. 

Author: DTSC 

Date: April 9, 2008 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding approval of the “Implementation 
Summary Report for the Time-Critical Removal Action at the Former Forest 
Products Laboratory Wood Treatment Laboratory, University of California, 
Berkeley, Richmond Field Station, Richmond, California.” 

Author: DTSC 

Date: September 25, 2008 
Type: Notification 
Title: California Environmental Quality Act Notice of Exemption for the “Time-Critical 

Removal Action at Two Campfire Locations in the Western Transition Area, 
University of California Berkeley, Richmond Field Station.” 

Author: DTSC 

Date: September 25, 2008 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding approval of the “Final Memorandum for 
a Time-Critical Removal Action at Two Campfire Locations in the Western 
Transition Area, University of California, Berkeley, Richmond Field Station, 
Richmond, California.” 

Author: DTSC 

Date: September 28, 2008 
Type: Notification 
Title: Notice of Public Comment Period, Time Critical Removal Action, University of 

California Berkeley, Richmond Field Station, September 28, 2008 to October 28, 
2008. 

Author: DTSC 

Date: December 29, 2008 
Type: Letter 
Title: Letter from Barbara Cook, DTSC, to Greg Haet, University of California 

Environment Health, & Safety, regarding approval of the “Final Current 
Conditions Report.” 

Author: DTSC 
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1.0 INTRODUCTION AND PURPOSE

The University of California (UC) has established a new major research campus on properties it
owns in Richmond, California, composed of portions of the Former Richmond Field Station
(RFS) and the Regatta Property located west of the RFS. The Richmond Bay Campus will
provide for the development of additional facilities for UC Berkeley and the Ernest Orlando
Lawrence Berkeley National Laboratory (LBNL) for academic teaching and research focused on
energy, environment, and health. The Richmond Bay Campus, Long Range Development Plan,
identifies the developable portion of the new campus as the Research, Education, and Support
(RES) Area and the remainder as Natural Open Space (NOS) Area. The location of the
Richmond Bay Campus and the RES Area and NOS Area land uses are shown on Figure 1.

UC Berkeley has been conducting investigation and cleanup actions at the Former RFS under the
oversight of the California Environmental Protection Agency, Department of Toxic Substances
Control (DTSC), in compliance with the Site Investigation and Remediation Order, Docket No.
IS/E-RAO 06/07-004 (Order), dated September 15, 2006 (DTSC Order, Attachment A). The
DTSC Order provides for the investigation and cleanup of 96 acres of upland and 13 acres of
tidal marsh and transition habitat within the Former RFS. UC Berkeley has prepared a removal
action workplan (RAW), and this accompanying Soil Management Plan (SMP), under Health
and Safety Code Section 25356.1(h)(1) and in compliance with the DTSC Order. For the
purposes of this RAW, the property defined under the DTSC Order is referred to as the “Former
RFS Site” or “Site.” The Former RFS Site does not encompass the entire RFS; two outboard
parcels are not included in the DTSC Order. The Regatta Property portion of the Richmond Bay
Campus is not included in the DTSC Order or Former RFS Site; and therefore is not subject to
the SMP. Figure 2 shows the Former RFS Site in relation to the Richmond Bay Campus, Regatta
Property, and outboard parcels.

The RAW establishes the remedial goals, final remedy, and prescriptive requirements for the
RES Area and groundwater at the portions of Richmond Bay Campus within the Former RFS
Site. The remainder of the Former RFS site consisting of the NOS Area is not addressed by the
RAW. Continued investigation within the NOS Area of the Former RFS Site will continue under
the DTSC Order. The Former RFS Site, including the RES Area and NOS Area, is shown on
Figure 3.

The RAW identifies specific actions to be conducted within the RES Area at the Former RFS
Site as follows:

Soil Remedy

 Excavation of polychlorinated biphenyl (PCB)–impacted soils at the Building 112 and
Building 150 Transformer Areas and three areas within the Corporation Yard with total
PCB concentrations exceeding the remedial goal (1 milligram per kilogram [mg/kg]).

 Excavation of mercury-impacted soil at the Mercury Fulminate Area (MFA) with
concentrations exceeding the remedial goal (275 mg/kg).
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 Excavation of benzo(a)pyrene equivalent (BAP[EQ])-impacted soil with concentrations
exceeding the remedial goal (0.4 mg/kg) and dioxin-impacted soil with concentrations
greater than the remedial goal (1.6.4E-05 mg/kg) at the Corporation Yard.

 Management of cinders encountered during soil excavations.

 Implementation of site-wide land use controls (LUC) consisting of deed restrictions
identifying the future use of the Site as commercial only, and mandating that future
site soil disturbance or soil movement be conducted under the SMP.

 Implementation of the SMP which provides a framework for excavation and soil
management, in conjunction with redevelopment or construction projects for chemicals in
soil exceeding Criteria I or II levels within the RES Area.

Groundwater Remedy

 Monitoring natural attenuation of groundwater with carbon tetrachloride
concentrations exceeding the remedial goal (2.63 micrograms per liter) at the western
edge of the Coastal Terrace Prairie.

 Continuing groundwater monitoring at the Former RFS Site

 Treatment and monitoring of contaminants in groundwater originating from the former
Zeneca Site, including trichloroethylene (TCE) and its breakdown components, under the
former Zeneca Site Investigation and Remediation Order (IS/E-RAO 06/07-005)

 Implementation of site-wide LUCs consisting of deed restrictions prohibiting
groundwater extraction for purposes other than groundwater monitoring/treatment or
construction dewatering.

This SMP supports the implementation of LUCs by providing a framework to prohibit
uncontrolled soil excavation or disturbance activities which may expose workers or visitors to
unsafe exposures to environmental contaminants. The objective of this SMP is to ensure that soil
disturbance activities do not adversely impact human health or the environment and that the soils
are handled, stored and disposed of, or reused onsite in accordance with applicable laws,
regulations, and UC policies. The SMP ensures that soils disturbed during future construction,
redevelopment, or maintenance projects will be sampled and managed to ensure that no
uncontrolled exposures to, or releases of contaminants within the RES Area occur (Figure 1).
This SMP becomes effective once the RAW and SMP are finalized.

1.1 SCOPE

All activities conducted in the RES Area of the Former RFS Site impacting surface cover
conditions, surface soil, or subsurface soil are subject to the direct oversight of UC Office of
Environment, Health & Safety (EH&S) and all state and federal soil disposal requirements.

EH&S provides the following services for UC activities at the Richmond Bay Campus:
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 Emergency Response – the EH&S Dedicated Spill Response Team is trained and
equipped to address the majority of chemical spills and releases on campus. Team
members serve as the liaison to the Richmond Fire Department Hazardous Materials
Team and obtain specialized assistance from outside responders as necessary.

 Environmental Protection – programs include acutely hazardous materials
management program, campus resources for environmental protection, construction
coordination, construction resources, drain disposal restrictions (water quality),
environmental management systems, groundwater quality, outdoor air quality, spare
the air, surface water quality, and wastewater quality.

 Hazardous Materials – programs include biohazardous waste management, chemical
exchange program, compressed gas cylinders, controlled substances disposal,
hazardous material management resources, hazardous materials shipping, hazardous
waste program, PCBs, and potentially explosive chemicals.

 Health & Safety – programs include asbestos safety, biosafety program, chemical
hygiene plan, chemical inventory program, confined space, controlled substances
used in research, dedicated spill response team, department safety coordinator
program, field safety, hazard communication, hearing conservation, indoor air
quality, industrial equipment, industrial safety, injury and illness prevention program,
job safety analysis library, material safety data sheets, respiratory protection,
sanitation program, standard operating procedures (SOP), toxic gas program, and
training (all EH&S). The Health & Safety program includes oversight and approval of
any subsurface soil disturbance activities, including utility clearance and cinder
management, if present.

 Radiation Safety – programs include radiation safety forms and additional resources,
radiation safety training, radiation surveys, radiation use authorization, and
radioactive waste management.

In addition to conforming to these existing EH&S programs above, projects impacting greater
than or equal to 20 cubic yards (CY) of in situ soil, or any projects resulting in a hardscape
surface of greater than 500 square feet are subject to the specific provisions of this SMP, which
include an evaluation of sampling requirements, reporting, and DTSC notification. Soil
disturbance activities impacting less than 20 CY of in situ soil or less than 500 square feet of
hardscape surface are not subject to the SMP and will be managed directly by EH&S through its
existing programs listed above. If any condition arises that may pose an imminent or substantial
endangerment to public health or safety or the environment, DTSC will be notified and a
determination will be made whether the SMP is applicable or some other action needs to be
taken.

The provisions of the SMP consist of three primary components: 1) project description and
determination of sampling; 2) sampling, data evaluation, and soil management action; and 3)
completion reporting. The SMP provides prescriptive approaches for implementing each
component without seeking DTSC-approval for each step, and also allows for UC to seek
consultation or review by DTSC on a case-by-case basis if the prescriptive approaches are not
followed.
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An overview of soil management activities at Richmond Bay Campus is presented below.

1.2 APPROACH

The SMP provides a systematic process intended to ensure that future projects impacting surface
and subsurface soils will not result in uncontrolled exposures to or releases of contaminants. This
SMP allows for self-implementation of soil sampling and management actions, coupled with
DTSC notification, provided UC follows the prescribed protocols outlined in Section 3.0 through
6.0 of this SMP. UC may elect to select alternative methods for soil sampling and management
for any project, in which case UC will request approval from DTSC.

This SMP outlines prescriptive protocols to be followed for soil sampling, data analyses, soil
management actions or disposal practices; and final reporting. EH&S will notify DTSC through
the submittal of SMP checklist forms. Soil sampling is based on prescribed sampling density,
depths, and chemicals of concern (COC), which are determined based on the proposed footprint
and location of the project. Soil management actions and disposal requirements are based on
comparison of soil sample results to screening criteria described herein and various waste
acceptance criteria, and final reporting is conducted through preparation of a completion report
that will be provided to DTSC once the project has been completed. Soil may be moved off-site
and disposed of at permitted landfills following federal and state hazardous waste laws and
regulations, and would be subject to review by DTSC’s enforcement program.

The three primary components of the SMP and an overview of the process are presented below
and on the SMP Decision Framework diagram on the following page.

1. Project Description and Determination of Sampling. The first component of the SMP
process is the determination by EH&S if the project is subject to the SMP requirements.
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Projects subject to SMP requirements are any construction, redevelopment, renovation,
subsurface or utility repairs, grading, landscaping activities impacting at least 20 CY of
soil, or any resulting in a hardscape cover more than 500 square feet.

Projects impacting soils less than 20 CY or 500 square feet of hardscape surface are
considered de minimus projects and will not be subject to SMP requirements; these
impacted soil volumes are expected to result in less than one roll-off bin of soil. The
intent of de minimus projects is to not expend unnecessary sampling and administrative
costs for small projects already under the oversight of UC EH&S as described in
Section 1.1. Examples of de minimus projects are presented in Section 3.1.

For projects subject to the SMP requirements, EH&S will provide a project description
and determination of sampling by submitting SMP Form A, Project Overview
(Exhibit C1) to DTSC prior to initiation of the project.

2. Sampling Design, Data Evaluation, and Soil Management Actions. The SMP provides
prescriptive sampling protocols for projects requiring sampling in the previous step.
Sampling protocols consist of the number of sampling locations per defined area
(density), sampling intervals (depths), and analytical requirements. The protocols are
based on the size of the proposed soil disturbance (horizontal and vertical); COCs are
based on the history of the area (former operations or previous sampling data). The SMP
allows for UC to conduct soil sampling according to these protocols without requiring
prior DTSC approval. If UC recommends conducting an alternative sampling approach,
UC will request approval of the approach from DTSC.

Analytical data will be compared to numerical screening criteria presented in the SMP
(Table 1). Soil with chemical concentrations less than Category I criteria is suitable for
reuse within the SMP project area. Soil with chemical concentrations below Category II
criteria may be managed on site within the SMP project area – management on site
consists of being covered with 2 feet of soil having concentrations less than the Category
I criteria, or used as fill beneath hardscaped surfaces such as roadways, parking areas, or
building structures, thereby eliminating the direct exposure pathway to potential
receptors. Soil will remain within the SMP project area, unless UC requests
project-specific approval from DTSC.

Category I and II screening criteria include conditions protective of commercial workers,
maintenance workers, and construction workers; the appropriate screening criteria and
receptor will be selected based on the site-specific conditions of the SMP project. The
SMP is intended to protect all current and future commercial receptors, however, if for
example, if the SMP project consists of a utility corridor with high likelihood of future
maintenance activities, Category I and II criteria for maintenance worker exposure will
be selected if more stringent than the Category I and II criteria for commercial workers.

Soil with chemical concentrations exceeding Category II criteria will be considered for
off-site disposal, or may be managed on site with DTSC approval. UC will prepare
internal documentation of soil management actions, including an on-site management
plan or an excavation plan if appropriate. If soil cannot be managed according to the
prescribed requirements specified in this SMP, for example if there are significant
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building constraints or limitations, UC will request approval of an alternative soil
management approach from DTSC.

Notification to DTSC and documentation of this information is provided in SMP Form B,
Sampling, Data Evaluation, and Soil Management Action (Exhibit C1). If all soils have
concentrations less than Category I criteria, SMP Form B will include a summary of the
sampling design and data evaluation as an attachment; SMP Form B will be provided to
DTSC following completion of soil sampling and data evaluation, and the SMP activities
will be considered complete. If any soil concentrations are greater than the Category I
criteria, soil management actions will be conducted, and documented following project
completion activities through submittal of SMP Forms B and C and a completion report
to DTSC discussed below.

3. Completion Reporting. For projects involving soil with concentrations greater than
Category I, additional soil management actions such as on-site management or
excavation will be required. Following project completion, UC will prepare a report
summarizing the sampling design, data results and evaluation, soil management actions,
and final site conditions.

Notification to DTSC and documentation of this information will be provided in SMP
Form C, Completion Reporting (Exhibit C1), which will include the completion report as
an attachment. SMP Forms B and C and the completion report will be provided following
completion of all construction activities to ensure documentation of final soil
management.
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1.3 DOCUMENTATION AND SMP UPDATES

Compliance with SMP requirements will be documented through EH&S submitting SMP Forms
A, B, and C to DTSC. Documentation requirements are as follows:

 Initial notification of projects subject to the SMP consists of EH&S submitting SMP
Form A to DTSC. Projects not recommended for sampling will conclude with DTSC
concurrence with SMP Form A. Examples include projects with sufficient existing
sampling information, or projects being conducted entirely within clean fill.

 Documentation for projects with soils having concentrations less than Category I
criteria will conclude with EH&S submitting SMP Form B and an attached data
summary report to DTSC.

 Documentation for all other projects will conclude with EH&S submitting SMP
Forms B and C and attached completion report to DTSC.

UC will maintain records of all completed SMP Forms A, B, and C, in addition to internal
documentation supporting the sampling design, data evaluation, and soil management decisions;
copies of the records will be available to the public and will be maintained in the administrative
office at Building 478 and EH&S offices.

UC will conduct annual reviews of the SMP to evaluate screening criteria, protocols, and
sampling requirements to ensure they continue to meet the intended purpose of the SMP.
Suggested improvements or changes to the SMP will be proposed to DTSC for review and
approval, and documented formally as a part of the 5-year review process of the RAW, or more
frequently if justified. Copies of completed SMP Forms A, B, and C will also be included as a
part of the 5-year review of the RAW.

1.4 ROLES AND RESPONSIBILITIES

The roles and responsibilities for implementing the SMP are provided below.

Name and Affiliation Role Responsibility

UC, EH&S
Project

Coordinator

Directs environmental health and safety compliance of the SMP.
Receives notices, comments, approvals, and related communications
from DTSC. Reports to and interacts with the DTSC for all SMP
tasks. Signatory to SMP Forms A, B, C.

UC, EH&S
Project

Geologist
Reviews all technical documents for technical accuracy and
adherence with California laws and regulations.

UC, EH&S
Project Civil

Engineer
Reviews all design and management plans for technical accuracy
and adherence with California laws and regulations.

DTSC
Remedial

Project Manager

Reviews environmental health and safety compliance of the SMP.
Signatory to 5-year RAW review process including updated SMP, if
appropriate. Receives notices, comments, and related
communications from UC. Interacts with UC for all SMP tasks.
Reviews all submittals and notifications to DTSC for quality and
completeness.



Attachment C, Soil Management Plan C-9 November 25, 2013

RAW, Richmond Bay Campus

1.5 SMP CONTENT

This SMP is organized consistent with the three primary elements discussed in the approach
above. SMP text, tables, and figures provide the required background information and technical
information necessary to identify the sampling requirements, data evaluation, soil management
action, and completion reporting. The exhibits provide supporting information and reference
materials for the implementation of the SMP. A summary of the SMP content is presented
below.

 Section 1.0 – Introduction. Presents an overview of SMP purpose, scope, approach,
protocols for soil management notifications and SMP document updates, roles and
responsibilities, and SMP content.

 Section 2.0 – Background. Presents the current and historical land use activities, previous
sampling and remedial activities, and summary of COCs. Introduces the geographic
delineation of SMP Areas to assist with the review of background information and
determination of sampling design.

 Section 3.0 – Project Description and Determination of Sampling. Describes projects
subject to the SMP, including small projects which may not require sampling to large
projects which will implement the prescriptive sampling requirements of the SMP, or will
require consultation with DTSC. Includes description of the information to be presented
in SMP Form A.

 Section 4.0 – Sampling Design, Data Evaluation, and Soil Management. Provides
specific protocols to implement the SMP sampling requirements. Provides the sampling
frequency and recommended analytes based on previous sampling results and
background of the applicable SMP Areas, as referenced in Section 2.0. Identifies the
sampling density and sampling depths based on the horizontal and vertical extent of the
planned soil disturbance activities. Provides Category I and II criteria for the
characterization of soil, and resulting soil management action options. Identifies internal
documentation requirements as well as a description of the information to be presented in
SMP Form B.

 Section 5.0 – Implementation of Soil Management Actions. Presents protocols and
management practices that will be implemented during the soil management actions.

 Section 6.0 – Project Completion Reporting. Presents a description of the reporting
requirements necessary for the completion report and a description of the information to
be presented in SMP Form C.

 Section 7.0 – References. Lists sources referenced within the SMP.

The SMP also includes two exhibits, which are essential to the implementation of the SMP:

 Exhibit C1: SMP Forms A, B and C provide templates for documentation of notification
requirements and EH&S approval of SMP activities.

 Exhibit C2: The Sampling and Analysis Plan (SAP) provides sampling protocols,
policies, and procedures for implementing the sampling requirements of the SMP.
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2.0 BACKGROUND

This section presents the current and historical land use activities, previous sampling and remedial
activities, and summary of COCs in the RES Area. It introduces the geographic delineation of SMP
Areas to assist with the review of background information and proposed sampling design criteria.

The summary of known conditions provided in this section is intended to provide an overview
only. Specific information about historical sources, remediation activities, nature and extent of
known contamination, and fate and transport of contaminants are available in the following
reference documents:

 Final RAW (Tetra Tech forthcoming)

 Final Site Characterization Report (SCR) (Tetra Tech 2013)

 Final Current Conditions Report ([CCR] Tetra Tech 2008a)

2.1 CURRENT AND HISTORICAL ACTIVITIES

This section discusses the history of the Former RFS and provides an overview of current and
historical land use and features. Current physical features, including buildings, are shown on
Figure 4. The historical potential source areas from former industrial operations are shown on
Figure 5. Further details, as well as historical aerial photographs, are in the CCR (Tetra Tech
2008a).

The RES Area has been subject to numerous land alterations through its history of development,
including creation of ditches and culverts to channel storm drainage; placement of fill in the upland
areas; and construction of buildings and utilities.

2.1.1 Current Land Use

The Former RFS is an academic teaching and research facility for UC Berkeley that has been
used primarily for large-scale engineering research since 1950. Teaching and research facilities
are available for public health investigations, civil engineering, mechanical engineering,
transportation, fine arts, ergonomics, and occupational and environmental health. With more than
500,000 assignable square feet of research space, the Former RFS accommodates a range of
space-intensive activities—including the UC Berkeley Northern Regional Library Facility, the
Asbestos Information Center, some of the world’s largest earthquake shaking tables, the
Geosciences Well Field, sophisticated test facilities for advanced transportation research, and a
robotics laboratory. The Former RFS also provides for a variety of smaller-scale engineering
research projects not conducted on the central UC Berkeley campus. No sources of
contamination have been identified as a result of research activities, with the exception of the
Former Forest Product Laboratory Wood Treatment Laboratory (FPL WTL), for which a time-
critical removal action (TCRA) was conducted and the small area of total petroleum hydrocarbon
(TPH)-affected soil associated with leaks from the Earthquake Engineering hydraulic lines at
Building 484. The UC Regents also lease space to non-UC Berkeley tenants. Current tenants
include the U.S. Environmental Protection Agency (EPA) Region 9 Laboratory; Schlumberger,
Inc.; The Watershed Project; Marine Advanced Research; Cybertran; and Stratacor, Inc. In
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1989, UC management estimated that 250 to 300 people worked at the RFS (Ensco
Environmental Services, Inc. 1989). Staffing in 2013 is approximately 300 people.

Portions of the Former RFS and the Regatta Property located west of the Former RFS make up
the current Richmond Bay Campus. The Richmond Bay Campus consolidates the biosciences
programs of the LBNL, and provides for the development of additional facilities for both LBNL
and UC Berkeley for academic teaching and research focused on energy, environment, and
health. The Richmond Bay Campus, LRDP (UC forthcoming) identifies the developable portion
of the new campus as the RES Area and the remainder as NOS Area. An LRDP is defined by
statute (Public Resources Code 21080.09) as a “physical development and land use plan to meet
the academic and institutional objectives for a particular campus or medical center of public
higher education.” The Richmond Bay Campus LRDP will guide growth and development of the
campus through year 2050.

2.1.2 Historic Uses

Prior to settlement of the East Bay plain by the Spanish beginning in 1772, Native Americans
used the area for fishing and harvesting shellfish. In the late 1800s, portions of the property were
sold, and chemical and explosives industries moved into the area. Between the 1880s and 1948,
several companies, including the California Cap Company (CCC), manufactured explosives at
the RES Area (see RAW Figure 2-3). The CCC plant hosted several operations, including
manufacturing explosives (primarily mercury fulminate), shells, and blasting caps; testing
explosives; and storing explosives (URS Corporation [URS] 1999).

Two small companies, the U.S. Briquette Company and the Pacific Cartridge Company, are
presumed to have operated on a portion of the RES Area. Both companies are shown on the 1912
and 1916 Sanborn maps, although the U.S. Briquette Company was noted as “not in operation”
as of January 1912. Neither company is listed on the 1930 Sanborn map. No additional
information is available about either facility. By 1920, the CCC was the only remaining
explosives manufacturer on site.

The chief constituent of the explosive manufactured by the CCC was a nitrocellulose (guncotton)
base called “tonite.” Manufacture of the explosive included production of mercury fulminate, a
whitish-gray solid with the chemical formula Hg(ONC)2, a key ingredient in blasting caps. The
former mercury fulminate facility was in the southeastern portion of the RES Area (see RAW
Figure 2-4). Other former facilities associated with the CCC included the former CCC shell
manufacturing areas in the southern portion of the RES Area; the blasting cap manufacturing
area in the central portion of the RES Area; an explosives test pit area in the northeast portion of
the RES Area; and two explosive storage areas, both southwest of the former explosives test pit
area (URS 1999).

According to an article published in the July 1922 edition of the CCC newspaper, The Detonator,
the manufacturing plant consisted of approximately 150 buildings, including administration
buildings, a shell and metal drawing unit, a wire drawing unit, the blasting cap line unit, an
electric blasting cap unit, and fulminate nitrating and recovery units. A tram line, evident on
Sanborn maps and historical photographs, was present between these buildings (see RAW
Figure 2-5). It appears from the photograph that the tram line was a rail system with a horse-
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drawn cart that moved supplies and other goods around the property. The entire CCC facility
covered approximately 30 acres, with an additional 30 acres of trees surrounding the facility.

2.2 PREVIOUS INVESTIGATIONS AND REMEDIATION

This section summarizes previous investigations and remediation activities within the RES Area
and RFS-wide groundwater. Section 2.2.1 briefly summarizes investigations that were conducted
in the RES Area prior to the Field Sampling Workplan (FSW) that was prepared by UC Berkeley
and approved by DTSC in 2010. Section 2.2.2 summarizes FSW Phases I, II, and III
investigation activities and sampling results from 2010 through 2012. Section 2.2.3 summarizes
previous cleanup actions that have been conducted in portions of the RES Area between 2002
and 2004 as well as two TCRAs.

2.2.1 Pre-FSW Investigations

Investigations conducted between 1981 and 2008 involved collection of soil and groundwater
samples in a variety of locations within the RES Area. Soil samples were generally analyzed for
metals, PCBs, polycyclic aromatic hydrocarbons (PAH), semivolatile organic compounds
(SVOC), or pesticides (Tetra Tech 2013). The investigations conducted prior to 2010 focused on
potential source areas (see RAW Figure 2-3), and identified areas requiring further investigation.
The data collected during these investigations is summarized in the CCR (Tetra Tech 2008a) and
SCR (Tetra Tech 2013).

2.2.2 FSW Investigations

UC Berkeley completed FSW Phases I, II, and III data gap investigations between 2010 and
2012. The FSW addresses data gaps identified in the CCR that warranted additional
characterization or evaluation at RFS (Tetra Tech 2008a). The majority of the FSW soil
investigations occurred within the RES Area. The scope of the FSW groundwater investigation
covered the entire Former RFS.

The purpose of the FSW investigation was to close previously-identified data gaps, and to
identify any immediate or potential risks to public health and the environment. Results are
briefly summarized below and are described in detail in the SCR (Tetra Tech 2013).

2.2.3 Previous Cleanup Actions

Remedial activities occurred in three phases beginning in 2002. Remedial Phases 1 through 3 were
completed in 2002, 2003, and 2004, respectively, under oversight of the San Francisco Bay
Regional Quality Control Board (RWQCB). A TCRA occurred near the FPL WTL in fall 2007 to
remove arsenic-contaminated soils; the results are summarized in the TCRA Implementation
Report (Tetra Tech 2008b). A second TCRA was conducted south of the RES Area in fall 2008 to
excavate soil associated with ash piles with elevated levels of PCBs; the results are summarized in
the TCRA Implementation Report (Tetra Tech 2009). The TCRAs were completed under DTSC
oversight. Figure 5 shows locations of the previously remediated areas. Table 2 briefly summarizes
these remediation activities.
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2.3 CHEMICALS OF CONCERN

The results of the historical and FSW investigations indicate that elevated concentrations of
certain metals, PAHs, and PCBs occur in RES Area soils, and soil sampling for these
constituents is recommended throughout the RES Area. Other potential contaminants more
limited in RES Area soils include dioxins, TPH, and volatile organic compounds (VOC); these
contaminants are recommended for analysis in select locations of the RES Area.

Based on the historical use of explosives, explosives constituents are also recommended for
sampling and analysis in select locations in the RES Area; however, explosives constituents have
not been detected in previous soil sampling in the RES Area above Category I criteria.

For the purposes of this discussion, “elevated” concentrations in soil refers to soil concentrations
above the screening criteria used in the SCR. Soil screening criteria used in the SCR include:

 Calculated human health risk-based concentrations (RBC) for future commercial workers
for metals, VOCs, SVOCs, pesticides, PCBs, and explosives (Tetra Tech 2013);

 The background value for arsenic (16 mg/kg) as established for the adjacent Campus Bay
site and approved by DTSC for the Former RFS Site (Erler & Kalinowski, Inc. 2007;
DTSC 2007);

 The ambient value for carcinogenic PAHs, as represented by BAP (EQ), which is equal
to the 95th percentile Upper Confidence Limit (UCL) of the mean BAP (EQ) values of
the ambient surface soil dataset from urban environments in Northern California of 0.4
mg/kg (DTSC 2009);

 Toxic Substance Control Act (TSCA) cleanup criteria for total PCBs in soil, high
occupancy areas with no conditions (1 mg/kg) (EPA 2005); and

 Commercial environmental screening levels for TPH constituents (RWQCB 2013).

The SCR also identified two VOCs in groundwater (TCE and carbon tetrachloride) which have
been detected above the calculated human health vapor intrusion RBCs for future commercial
workers (Tetra Tech 2013). While these VOCs are not COCs in soil, future soil disturbance
activities which occur in areas where the groundwater concentration exceeds vapor intrusion
RBCs must take into consideration proper countermeasures to ensure protection of future
commercial workers.

Metals

Arsenic concentrations above background levels in soils are the result of historical placement of
pyrite cinders as fill material in the RES Area. Pyrite cinders, such as those used in production of
sulfuric acid at the former Stauffer production areas, are produced from ore that is composed
mostly of iron sulfide but may also contain other metal sulfides, such as arsenopyrite, and
concentrations of arsenic and other metals are often found above background levels in pyrite
cinders. Other possible sources of arsenic include the historic use of arsenic containing
herbicides on railways and the use of arsenic wood preservatives at the former FPL WTL. A
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removal action conducted at FPL WTL in 2007 removed arsenic contamination above
background levels in the area of the research laboratory.

Potential sources of lead at RES Area include (1) historic emissions from automobiles, (2) a
component of metals used in manufacture of shells and blasting caps, (3) pyrite cinders used as
fill throughout RES Area, and (4) leaded paint from former or existing buildings. Some elevated
concentrations of lead are in isolated areas of RES Area soils, perhaps attributable to the “nugget
effect” that can occur when lead-based paint chips into soil.

Mercury is present at elevated concentrations in RES Area soils primarily due to historical
activities associated with manufacturing explosives. The former CCC historically used elemental
or liquid mercury in the MFA. This form of mercury can volatilize into the atmosphere from soil,
sediment, or water. Drawings of the mercury fulminate production plant show an open structure
(presumably for ventilation) and air stack which could have contributed to aerial deposition of
mercury in the areas surrounding the mercury fulminate plant in the central meadow. Drawings
also identify storage tanks rinsate areas in the MFA. Movement of the blasting caps around the
facility via the tram system could have tracked mercury away from the mercury fulminate plant.
As part of the remedy for the RES Area, UC has proposed a soil removal action in the MFA
where concentrations of mercury elevated above the commercial RBC are present.

PAHs

PAHs in the RES Area are likely a result of burning carbon-containing compounds (including at
the former waste incinerator near Building 120 and the former Field Laboratory), aerial industrial
emissions from surrounding industrial facilities, and gasoline and diesel exhaust from regional
roadways and railyards. An assessment of the soil data obtained from RES Area soils, mostly in
the Corporation Yard, indicates that concentrations of PAHs decrease with depth; where PAHs
are present, concentrations of PAHs are elevated above screening criteria in surface soils (0 to
0.5 feet below ground surface [bgs]), but are typically less than screening criteria at deeper
depths (2 to 2.5 feet bgs), and non-detect below 2 to 2.5 feet bgs.

PCBs

PCBs are biopersistent organic chemicals that were used for many purposed from the initial
commercial use in 1929 to when use was banned by EPA in 1979, including heat transfer fluids
for gas turbines, hydraulic fluids for vacuum pumps, fire retardants, and plasticizers in adhesives,
textiles, surface coatings, sealants, printing, and carbonless copy paper (Lloyd and others 1975).
Aroclors-1248, -1254, and -1260 are commonly found in the RES Area, and are likely associated
with hydraulic fluids and dielectrical fluids in capacitors and transformers. A release of PCBs to
surface soils from a spill would have migrated little from its original release point, as PCBs sorb
strongly to soil. This model is supported by the sampling data obtained during the FSW Phase II
investigation, which sampled near former PCB-containing transformers. Where PCB
contamination was detected, elevated concentrations of PCBs were limited to a small area, both
horizontally and vertically, confirmed through step-out sampling.

PCBs have also been detected at low concentrations (below screening criteria) in surficial soils
within the RES Area, most of which may not be attributed to a spill but possibly to aerial
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deposition from surrounding industrial facilities, including the PG&E facility northwest of the
RES Area. As part of the removal action for the RES Area, UC will remove soils with total PCB
concentrations greater than 1 mg/kg. The areas identified for PCB removal are located at two
transformer areas and the Corporation Yard.

Dioxins

Dioxins in the environment are the result of burning chlorine-based chemical compounds with
hydrocarbons, such as stack emissions from the incineration of municipal refuse and certain
chemical wastes, or exhaust from automobiles powered by leaded gasoline. The former waste
incinerator at Building 120 may be a potential historical source of dioxins; soil samples collected
for dioxin analysis near the former incinerator location indicate that dioxin concentrations in that
area exceed commercial RBCs in surficial soil, but concentrations decrease as sample depth
increases.

VOCs

Although RES Area soils have not been found to contain concentrations of VOCs exceeding
screening criteria, groundwater results indicate that TCE and carbon tetrachloride exceed
groundwater screening criteria.

Groundwater impacted with elevated levels of TCE exceeding the commercial vapor intrusion
RBC and the California and federal maximum contaminant levels (MCL) has migrated onto the
Site from the adjacent former Zeneca site. UC concludes that TCE and related breakdown
products originated from legacy industrial activities at the former Zeneca site, based on (1) the
measured groundwater gradient from the former Zeneca site to the Site, (2) known historical
TCE sources and groundwater contamination at the upgradient former Zeneca site, and (3) lack
of measured or identified TCE sources within the Site. The remedy for contaminants in
groundwater originating from the former Zeneca Site, including TCE and its breakdown
components, is subject to the former Zeneca Site Investigation and Remediation Order
(IS/E-RAO 06/07-005).

Carbon tetrachloride was detected at piezometer location CTP (located in the coastal terrace
prairie) at concentrations exceeding the commercial vapor intrusion RBC and California MCL
during the FSW Phase I investigation. Carbon tetrachloride has also been detected at some of
the piezometer locations downgradient of location CTP at concentrations exceeding the
California MCL. No source of carbon tetrachloride has been identified in the immediate area or
upgradient of the piezometer CTP.

TPH

Low concentrations of TPH compounds in soil may originate from small diesel spills from
equipment, from above ground storage tanks (AST) or former underground storage tanks (UST),
from incomplete combustion of petroleum from nearby automobiles and industrial uses, or as a
carrier in herbicides. No spills were observed at any of the ASTs still in place, and all USTs have
been removed and administratively closed. Soil sample results indicate that the Earthquake
Engineering hydraulic lines at Building 484 have leaked, and soil excavation within this area is
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proposed to be completed as a maintenance activity. TPH contamination may be present near and
around the Earthquake Engineering hydraulic lines.

Explosives

Between the late 1800s and 1948, the CCC and other smaller companies, manufactured blasting
caps, shells, and explosives on the property. The chief constituent of the explosive used by the
CCC was a nitrocellulose (guncotton) base called “tonite,” the manufacturing of which included
the production of mercury fulminate. Documentation indicates that nitrocellulose and mercury
fulminate were the primary explosives used in manufacturing explosives on the property, however,
other explosives such as octahydor-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX),
cyclotrimethylenetrinitramine, or 2,4,6-trinitrotoluene may have been employed. Historical
documents indicate that explosives were tested and stored in the north-central portion of the
property (RAW Figure 2-3). Soil data to date indicates that HMX may have been used, as it was
detected at a low level in one sample collected near the explosive storage area at a concentration of
0.37 mg/kg, five orders of magnitude below the commercial RBC.

2.4 SOIL MANAGEMENT PLAN AREAS

In order to determine the analytical requirements and density of sampling required for the SMP,
the RES Area was divided into 25 SMP Areas. SMP Areas were created by reviewing historical
activities, results of sampling conducted to date, contaminants previously detected, and removal
actions conducted to date. Areas with similar site histories and uses that were adjacent were
placed into the same SMP Area. Figure 3 presents the 25 SMP Areas, and Table 2 presents a
summary of the characteristics considered for each SMP Area, including historical and current
activities, previous cleanups, potential for pyrite cinders, and whether a groundwater
concentration exceeds the commercial vapor intrusion RBC. EH&S will review Table 3 annually
to incorporate data from sampling conducted following the publication of this SMP.
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3.0 PROJECT DESCRIPTION AND DETERMINATION OF SAMPLING

This section describes types of projects subject to the SMP, spanning from small projects that
may not require sampling to large projects which will implement the full range of sampling and
soil management requirements presented in this SMP.

3.1 TYPES OF WORK

The LRDP for the Richmond Bay Campus includes redevelopment and construction of new
buildings and support infrastructure within the RES Area which are anticipated to require large-
scale soil disturbance. Routine maintenance and repair activities which require small-scale soil
disturbance will also be required in the RES Area on an ongoing basis, independent of
redevelopment under the LRDP.

The SMP will be implemented for all future projects conducted within the RFS portions of the
RES Area that impact greater than or equal to 20 CY of in-situ surface or subsurface soils or
result in a hardscaped surface of greater than 500 square feet. Examples of typical soil
disturbance activities that are subject to the SMP include the following:

 Building construction

 Road construction

 Sidewalk construction

 Parking lot construction

 Major underground utilities construction associated with a project

 Significant landscaping activities

Soil disturbance activities that impact less than 20 CY of soil or less than 500 square feet of
hardscape surface are not subject to the prescriptive requirements outlined in this SMP. These de
minimus projects will be managed and overseen by UC EH&S as discussed in Section 1.1.
Typical de minimus projects that will not be subject to the SMP include the following:

 Minor sidewalk or utility repairs

 Landscaping activities such as tree, shrub, or weed removal

 Installation of fence posts or signage

 Roadway asphalt repair

 Installation of soil boreholes and monitoring wells

All soil disturbance activities with the RES Area are subject to review and approval by EH&S.
Soil disturbance activities within the RES Area subject to the SMP require written EH&S
notification and approval, which is initiated through the completion of SMP Form A, Project
Overview, included in Exhibit C1. The extent of the EH&S approval process and supporting
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documentation will depend on the nature, size, and complexity of the project, as well as location
of the project within the RES Area.

The requirements of the SMP will be based on the scale and location of the proposed activity. All
soil disturbance activities will require EH&S approval of the activity prior to soil disturbance,
and projects subject to the SMP will require EH&S approval of SMP Form A. EH&S will
provide SMP Form A to DTSC at least 14 days prior to the start of work or as soon as practicable
if the 14 days advance notification is not possible, such as for emergency repairs or other time-
critical projects. In cases where pre-approval cannot be attained for projects requiring SMP Form
A, such as for emergency repairs, EH&S will notify DTSC by telephone within 24 hours of the
start of the activity, and SMP Form A will be completed within 48 hours. Notification to all other
appropriate agencies will also be provided as required by law.

3.2 POTENTIAL IMPACTS TO GROUNDWATER PIEZOMETER NETWORK

The RAW for the RES Area includes ongoing sampling at piezometers located throughout the
RES Area. Efforts should be made to minimize any impacts to existing piezometers from a
proposed soil disturbance activity. In the event that an activity impacts a piezometer, the
piezometer must be properly destroyed and abandoned per Contra Costa County Environmental
Health Department guidelines and a permit must be obtained; UC will notify DTSC to propose a
new piezometer location. All existing piezometer locations are shown on Figure 5.

3.3 SAMPLING REQUIREMENTS

Soil disturbance projects under the scope of this SMP are subject to the prescriptive sampling
requirements discussed in Section 4.0. If UC proposes an alternative sampling plan which does
not specifically follow the prescriptive requirements, EH&S will notify DTSC for review and
approval of the proposed sampling plan.

3.4 DOCUMENTATION

EH&S will document EH&S approval and DTSC notification of projects subject to the SMP
through the completion and submission of SMP Form A, Project Overview.

Instructions for Completing SMP Form A,

Project Overview

1. Project Name Provide unique project name or identifier.

2. Description Include details necessary to implement SMP. Include specific location, description
of activities impacting soil, estimate of total soil disturbance in cubic yards. Attach
map indicating project location.

3. Points of Contact Provide EH&S point of contact, facilities point of contact, or any other UC or other
third party responsible for implementation of SMP requirements.

4. Estimated Schedule Identify estimated schedule of entire project through completion. Update as
necessary.

5. DTSC Work Notice
Requirements

EH&S must provide DTSC a 14-day notice regarding projects involving excavation,
drilling, or sampling for the purpose of collecting environmental samples or
addressing soil management. DTSC issues a Work Notice to a community
distribution list.
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Instructions for Completing SMP Form A,

Project Overview (Continued)

6. Impacts to Piezometer
Network

Consult with SMP Figure 5 to ensure project does not impact an existing piezometer,
or propose replacement location to DTSC if necessary.

7. Form A EH&S and
Facilities Management,
UC, Berkeley College of
Engineering Approval

Form A must be signed and dated by EH&S staff responsible for implementation of
SMP activities. Signature indicates review and approval of Items 1 through 6.
Signature indicates that proper additional documentation necessary is included
within EH&S files. EH&S will provide Completed SMP Form A to DTSC.

SMP Form A, which will include the project location map, will be completed by EH&S and
submitted to DTSC prior to any soil disturbance activities. SMP Form A will be updated and
provided to DTSC if the project scope or conditions change, for example if the project area or
estimated soil volume increases or the schedule has been revised. EH&S will maintain within
UC files any additional internal documentation necessary in support of the information presented
in SMP Form A. Internal documentation will be available upon request from DTSC.
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4.0 SAMPLING, DATA EVALUATION, AND SOIL MANAGEMENT ACTIONS

This section outlines prescribed sampling requirements for projects subject to the SMP within
the RES Area. Projects will be evaluated to determine the scope of sampling and analysis to be
conducted prior to initiating earthwork activities.

The sampling protocols will follow the prescribed sample density (number of sampling
locations), sample depth, sample intervals, and chemical analyses presented in Section 4.1. Soil
sampling will be conducted following the protocols outlined in Exhibit C2, SAP. Soil sampling
data will be evaluated per the guidelines in Section 4.2 to determine the appropriate soil
management action determination presented in Section 4.3. Section 4.3 presents the planning
documents necessary to manage soil in place or for off-site disposal. UC may elect to conduct a
sampling strategy outside of the prescribed requirements in this section; however, the sampling
approach must be reviewed and approved by DTSC prior to implementation.

4.1 PRESCRIPTIVE SAMPLING DESIGN

The sampling design is based on the location, footprint, and depth of the proposed soil
disturbance.

Sampling Density and Recommended Analytes

Sampling design is initiated by identifying the SMP Area(s) impacted by the project through
comparison to Figure 6. Table 3 presents the recommended sampling density and analytical
requirements for each of the SMP Areas delineated on Figure 6.

Samples will generally be collected in a grid pattern to provide representative lateral coverage
over the project area. Three categories of sampling density have been defined (low, medium, and
high) as described below. The recommended sampling density for each SMP Area is a function
of historical activity in the area and the results of previous investigations. Sample locations must
be documented on scaled figure with appropriate landmarks or buildings identified. The required
sample density for each SMP Area is specified in Table 3.

 Low density sampling requires sampling on a 125 foot grid spacing (one sample
location per 15,625 square feet ) – applicable in SMP Areas where no historical
industrial activities occurred;

 Medium density sampling requires sampling on a 100 foot grid spacing (one sample
location per 10,000 square feet) – applicable in SMP Areas where some historical
industrial activities occurred, or an adjacent SMP Area has had a high level of
historical industrial activities;

 High density sampling requires sampling on a 75 foot grid spacing (one sample
location per 5,625 square feet) – applicable in SMP Areas where a high level of
historical industrial activities occurred.
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There is no minimum number of sample locations required for each project; however, if a
95 UCL is to be calculated, as described in Section 4.2.2, a minimum of ten samples will be
collected.

Known site conditions within the project area will be considered when developing the sampling
design, to determine if any additional sampling is needed, or if sampling locations should be
moved to characterize certain areas of the project to meet the intent of this SMP. Factors to be
considered include:

 Existing buildings, utilities and site features (current and any which will be
demolished by a proposed project);

 Former buildings, remediated areas, and known pyrite cinder areas, as shown on
Figure 5;

 Historical soil sample locations, sample depths, and sample analysis results, as
presented in the Final SCR (Tetra Tech 2013). Historical sampling information may
be used to supplement the sampling design; and

 Recent sampling data, if available.

Sampling Depth and Intervals

Samples will be collected in 0.5-foot depth intervals every 2 feet starting at the surface and
extending to a depth of 2.5 feet below the depth of planned soil disturbance. This will allow
documentation of potential residual soil contamination beneath the excavation. If the depth of the
planned soil disturbance varies within the project area, the sampling design should be adjusted to
provide representative coverage for the variable depths or by sampling subareas separately. Soil
samples will be collected by hand or advanced through hand-auger techniques up to 5 feet bgs.
Sampling methodologies will be conducted according the SAP.

EH&S will determine the need for professional land-surveying for sampling locations on a
project-by-project basis. For all other projects, hand-held devices using global positioning
systems will be used to record sampling locations and will be tracked in the GIS database.

Soil Sampling for Lead Based Paint Around Existing Buildings

Paints applied to the exterior of buildings constructed prior to 1993 are likely to have contained
lead (DTSC 2006). Lead-based paint (LBP) may be present in the immediate vicinity of these
buildings as a result of weathering, or past renovation activities resulting in deposition of LBP
fragments to surface soil. Lead in soil from LBP from exterior paint is generally present only in
the immediate vicinity of the building and in the top few inches of surface soil. LBP is generally
not present where the building perimeter is hardscaped, such that paint chips are carried away by
rain or wind, and does not accumulate.

Sampling for LBP-impacted soil will be conducted where the planned project boundary includes
a building constructed prior to 1993.
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Area of Potential Groundwater Concern

TCE and carbon tetrachloride concentrations exceed commercial vapor intrusion RBCs in
portions of the RES Area, as discussed in Section 2.3. Table 2 identifies the four SMP areas
where groundwater concentrations exceed the commercial vapor intrusion RBCs, indicating that
indoor air concentrations of those VOCs may be present at levels posing risk to potential
commercial receptors (Tetra Tech 2013). The selected remedy for groundwater at the Former
RFS includes an ongoing groundwater monitoring program and implementation of the
groundwater remedy for the adjacent Former Zeneca site, which consists of treatment and
ongoing monitoring. The groundwater remedy also includes monitored natural attenuation with a
contingency for active treatment to address the carbon tetrachloride contamination in the
northwest part of the RES Area (SMP Area 15).

If a soil disturbance project (1) consists of the construction of a new building or (2) extends deep
enough to contact groundwater, and (3) is located in a SMP Area where groundwater results
exceed the commercial vapor intrusion RBC for VOCs identified in Table 1, then EH&S will
consult DTSC before creating a sampling plan. Because VOC concentrations in groundwater are
expected to change over time, site-specific evaluation is needed to determine if additional
sampling protocols or worker protection precautions will be required, based on the project
location. Given the ongoing nature of the groundwater monitoring programs, EH&S will consult
the most current groundwater data available. A prescriptive approach for addressing potential
groundwater concerns in the SMP is not appropriate.

If there is a concern regarding groundwater contamination along newly created-preferential
pathways as a result of a new construction project (for example a deep utility corridor), then
engineering parameters, such as impervious linings, will be developed under the project-specific
design plan.

UC will evaluate potential impacts to groundwater in the event that a project involves the
construction of a swale or permeable landscaping intended for the management of stormwater.

4.2 DATA EVALUATION

Soil sample data will be evaluated to confirm that the data set is complete, and data quality is
acceptable. Data acceptance criteria and data validation protocols are provided in Exhibit C2,
SAP. Deviations from the sampling design, such as change in sample location, or analytical
results which do not meet data quality criteria, will be evaluated to determine whether additional
sampling is required.

4.2.1 Screening Criteria

Soil sampling data will be compared to two soil screening criteria to determine the management
action that needs to be taken: (1) Category I (Commercial Use) criteria are protective of
commercial workers and visitors to the RES Area; and (2) Category II (On-Site Management)
criteria represent the maximum concentration of chemicals in soil which may be managed in
place with a cover to prevent exposure to commercial workers or visitors. Category I and II
criteria are presented in Table 1.
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Category I criteria are based on the commercial RBCs calculated in the Final SCR, established
background values for arsenic, ambient values for BAP (EQ), or TSCA criteria for total PCBs
(Tetra Tech 2013). Category II criteria are generally based on the equivalent of one order of
magnitude greater than the commercial RBC, with exceptions identified in Table 1. Screening
criteria will be reviewed at least annually during periods when projects are occurring, in addition
to the evaluation of remedy implementation that will occur as part of the five-year review
process.

4.2.2 Determination of Soil Management Action

A comparison of the maximum sample result or the calculated 95 UCL to the Category I and II
criteria will be used to determine how to manage the project soil. UC will determine the
appropriate soil management actions for sampled project soil using the following decision
matrix:

Comparison of Soil Concentrations to
Screening Criteria Soil Management Action

Maximum soil concentration or 95 UCL
concentration does not exceed Category I criteria

If the criterion is based on a background
concentration, a 95th UCL will not be calculated

No action; suitable for commercial reuse within the
SMP project area.

Soil concentration exceeds Category I criteria
but does not exceed Category II criteria

Soil may be managed in place within the SMP project
area with appropriate cover. Appropriate cover consists
of hardscape (roadway, parking lot, sidewalk, or
building) or a minimum of 2 feet of soil with
concentrations less than Category I criteria.

Soil concentration exceeds Category II criteria
Soil will be evaluated for off-site disposal, or DTSC
will be contacted if proposed to be managed in place.

Delineation of Soil Exceeding Criteria

Additional soil samples may be collected in order to delineate the lateral and vertical extent of
soil contamination exceeding Category I or II criteria in order to reduce the amount of soil that
is planned for excavation or management in place. The sampling grid size for additional
delineation sampling will be no less than twice the frequency of the original sampling. If
significant excavation activities are already planned for the proposed project, additional
sampling may be conducted during excavation activities rather than prior to excavation.

If the project soil concentrations are less than the Category I criteria, then the project may
proceed without specific soil management practices, as outlined in the table above. Soil
generated from the project must remain within the project boundaries unless DTSC has provided
approval otherwise. The sampling results will be documented in a summary report and submitted
by EH&S to DTSC with SMP Form B.

If soil is less than Category II criteria, then soil can either be managed on-site or excavated and
managed through placement beneath 2 feet of soil below Category I criteria, or beneath a
hardscaped surface, such as a roadway, sidewalk, parking, or building foundation, to prevent
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exposure of commercial workers and visitors to soil. Soil with concentrations exceeding
Category II criteria will be excavated to a depth of 2 feet below the planned soil disturbance,
effectively eliminating the direct contact exposure pathway, unless DTSC is contacted for
approval to manage the soil in place. Soil excavated from a SMP project area will remain
within the same SMP project area unless it is disposed of off-site; if UC proposes to use the
excavated soils in other portions of the RES Area, UC will contact DTSC for approval. The
sampling results will be documented in a summary report and submitted by EH&S to DTSC
with SMP Form B following project completion, as described in Section 6.0, Completion
Reporting.

Soils exceeding Category II criteria will be transported off site to an appropriate disposal facility.
Any deviations from the specified soil management requirements will be discussed with DTSC.

If the COC is PCBs (Aroclors), the soil will continue to be excavated until concentrations of total
PCBs are less than or equal to 1 mg/kg. DTSC and EPA will be consulted on a case-by-case
basis if soils with total PCB concentrations greater than 1 mg/kg are present below 10 feet bgs to
determine if excavation below that depth is appropriate.

4.3 SOIL MANAGEMENT ACTIONS

Soil management will be conducted based on the criteria described in Section 4.2.

4.3.1 On-Site Management Plan

Soils exceeding Category I criteria, but less than Category II criteria, may be managed within the
SMP project area, provided there is acceptable cover to eliminate the potential exposure pathway
of human contact with the soil. Human receptors in the RES Area are commercial workers and
visitors.

Acceptable covers include:

 A minimum of 2 feet of soil with chemical concentrations below Category I criteria;
the overlying soil may not be breached. Prevention of breaches to the soil will be
stipulated in the on-site management plan and managed by EH&S. In the event that
the cover is breached, the breached area would be subject to renewed SMP
requirements.

 Concrete building foundations and slabs with continuous coverage, which is laid
directly over the soil or base rock layer above soil that will prevent contact with the
soil;

 Asphalt or concrete pavement (and accompanying base rock) with continuous
coverage, which is laid directly over the soil that exceeds the criteria.

A physical horizontal and vertical demarcation layer, such as geosynthetic fabric or snow
fencing, will be placed over areas where soils exceeding Category I criteria, but are less than
Category II criteria, are excavated or left in place and covered with an acceptable cover; the
demarcation layer will be placed below the acceptable cover. Demarcation will not be required in
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the event that at least 2 feet of in-situ Category I soil (to be left in place) already covers Category
II soil.

The on-site management plan will document the following:

 Summary of the proposed soil disturbance work, including location and depths of soil
disturbance

 Data evaluation that supports the decision that the soil within the project area can be
managed-in-place in accordance with the SMP

 Text and associated analytical results describing the cover or the materials to
eliminate direct contact exposure pathway to commercial workers and visitors

 Figure showing the proposed cover area, material, and thickness

The on-site management plan will serve as the basis for the soil management action to be
conducted during construction activities. The locations of covered soils will be documented in
the closure reports for each SMP project, as well as in a centralized geographic information
system (GIS) database. The depth, cover material (if applicable), and management date of each
of the excavated or covered areas will also be documented in the closure report for the SMP
project and in the GIS metadata.

4.3.2 Soil Excavation Plan

Soil that exceeds Category II criteria will be excavated to a depth of 2 feet below the depth of
project soil disturbance, or EH&S will consult with DTSC if other soil management actions are
proposed. The area will be backfilled such that at least 2 feet of clean fill, or a permanent
hardscaped surface, is placed above soil remaining in the excavation which exceeds Category I
or Category II criteria. If site circumstances justify leaving the soil in place, UC will contact
DTSC for approval.

A physical horizontal and vertical demarcation layer, such as geosynthetic fabric or snow
fencing, will be placed over areas where soils exceeding Category II criteria have not been
excavated. The demarcation layer will be covered with soil below Category I criteria.

The excavation plan will document the following:

 Summary of the proposed soil disturbance work, including location and depths of soil
disturbance

 Data evaluation that supports the decision that the soil within the project area
containing concentrations greater than the Category II criteria will be excavated for
off-site disposal

 Text describing the placement and source of the imported clean fill or Category I soil,
if applicable, to eliminate the direct contact exposure pathway to commercial workers
and visitors
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 Figure showing previous sampling locations and the proposed excavation and depths

 Description of how the excavated soil will be stockpiled, profiled and transported off-
site for disposal

 Confirmation sampling plan

The excavation plan will serve as the basis for the soil management action to be conducted
during excavation activities. The locations of excavated soils will be documented in the closure
reports for each SMP project, as well as in a centralized GIS database. The boundaries of the
covered areas will be determined using a hand-held GPS device and incorporated into a site-wide
figure showing movement of soils. The depth and excavation date of each of the excavated areas
will also be documented in the closure report for the SMP project and in the metadata of the GIS
figure.

4.4 DOCUMENTATION

EH&S approval of the sampling design, data evaluation, and soil management will be
documented through the completion of SMP Form B, Sampling Design, Data Evaluation, and
Soil Management (Exhibit C1). If UC elects to select alternative methods for soil sampling and
management for a project, a detailed soil sampling and management approach will be submitted
by EH&S to DTSC for concurrence in lieu of SMP Forms. Instructions for completing SMP
Form B are presented below.
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Instructions for Completing SMP Form B,

Sampling, Data Evaluation, Soil Management
1. Sampling Design

a. SMP Areas Affected Consult SMP Figure 6 to identify SMP areas affected by project.

b. Sampling Density Consult SMP Figure 6 and Table 3 to determine the number of sampling locations

c. Chemicals of
Concern

Consult SMP Table 3 to identify soil analytical requirements

d. Sampling Depth Consult SMP Section 4.1 to identify required total sampling depth.

e. Sampling Intervals Consult SMP Section 4.1 to identify required sampling intervals.

f. Project is within area
of groundwater
above screening
criteria

Consult SMP Table 2 to determine if project is within SMP area with potential for
groundwater contamination or vapor intrusion. If so, consult with current groundwater
monitoring program.

g. Sampling design
meets all SMP
requirements

Confirm that all proposed sampling meets the requirements outlined in SMP. If not,
consult with DTSC to discuss any deviations or site-specific sampling strategy.

2. Data Evaluation (Post-Sampling)

a. Sampling Design
Completed

Confirm all samples were collected and analyzed according to sampling design in Item 1.

b. Sample Results below
Category I

Consult SMP Table 1 for soil categorization criteria. If results do not exceed Category I
criteria, EH&S submits SMP Form B with attached data summary report to DTSC. No
further soil management actions are required. Category I soils are suitable for commercial
use, and can be managed within the SMP project area. Soil excavated from a SMP project
area will remain within the same SMP project area unless it is disposed of off-site; if UC
proposes to use the excavated soils in other portions of the RES Area, UC will contact
DTSC for approval.

c. Soil Exceeding
Category I is Defined
Vertically and
Laterally

If sample results exceed Category I criteria, then soil management is required, and the
boundaries of contaminants exceeding criteria must be defined. If the project requires
excavation, additional sampling may be conducted during or following excavation
activities.

d. Soil Less Than
Category II Criteria

If sample results are less than Category II criteria, soil may be managed on site within the
SMP project area according to SMP Section 4.3, and an on-site management plan is
required. If sample results are above Criteria II criteria, off-site disposal is required unless
DTSC provides approval for on-site management. Review and approval of the plans is
included in the item below. EH&S will submit SMP Form B to DTSC following project
completion reporting discussed in Section 6.0.

3. Soil Management Action

a. On-Site Management
Plan Meets SMP
Requirements

Consult SMP Section 4.3 regarding on-site management plan requirements. DTSC must
be notified if deviations result in not adhering to the intent of the prescriptive portions of
the SMP, for example, if sampling depths or frequencies are less than described in
Section 4.1.

b. Excavation Plan
Meets SMP
Requirements

Consult SMP Section 4.3 regarding excavation plan requirements. DTSC must be notified
of deviations which result in not adhering to the intent of the prescription portions of the
SMP, for example if soils above Criteria II remain in place or the proposed cover does not
meet the criteria presented in Section 4.2.1.

4. SMP Form B EH&S
Approval

Form B must be signed and dated by EH&S staff responsible for implementation of SMP.
Signature indicates review and approval of Items 1, 2, and 3. Signature indicates that
proper additional documentation necessary is included within EH&S files. Completed
Form B must be provided to DTSC.

EH&S will maintain within UC files additional internal documentation necessary in support of
the information presented in SMP Form B. Internal documentation will be available upon request
from DTSC.
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Sampling design documentation includes the following:

 Summary of the proposed soil disturbance work, including location and depths of soil
disturbance

 Identification of the SMP Areas affected by the project area and corresponding
sampling density and required analytes

 Description of the proposed sampling locations, sampling depths, sample
identification scheme, and sample collection methodology

 Figures depicting project area, depths of proposed soil disturbance, and sampling
locations, drawn to scale

If soil concentrations are less than the Category I criteria (no action required), EH&S will submit
a summary report with SMP Form B to DTSC and include:

 Summary of soil sampling conducted in accordance with the sampling design

 Summary of soil sampling location, depths, sample identification and analytical
results compared to soil criteria

 Laboratory analytical reports

 Soil data evaluation results, including data completeness, data quality, and soil
management action required

EH&S will maintain within UC files on-site management and excavation plans as described in
Sections 4.3.1 and 4.3.2 in support of the information presented in SMP Form B. These plans
will be available upon request from DTSC. EH&S will submit SMP Form B to DTSC if all soil
sampling results are below Category I criteria. If any soils are above Category I criteria, EH&S
will submit SMP Form B to DTSC following project completion reporting as described in
Section 6.0. Pertinent information from Form B will be provided to DTSC upon their request.
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5.0 IMPLEMENTATION OF SOIL MANAGEMENT ACTIONS

This section describes management practices that will be employed whenever applicable during
implementation of projects subject to the requirements of the SMP.

5.1 PRE-EXCAVATION ACTIVITIES

Pre-construction activities for any SMP project may include (1) permitting and notification, (2)
health and safety, (3) stormwater pollution prevention plan (SWPPP) development and
implementation, (4) utility clearance, (5) clearing and grubbing, (6) groundwater water level
measurement, (7) piezometer abandonment and replacement, and (8) building demolition and
abatement. Determination of the need for each activity will be determined by EH&S.

5.1.1 Permitting and Notification

The following permits and notifications will be required to perform any soil disturbance activity
subject to the requirements of the SMP:

 EH&S will approve contractor personnel and subcontracts for access consistent with
UC Berkeley policies

 DTSC notification at least 14 days in advance of field work

 RFS on-site worker and employee notifications

 Amend the existing Notice of Intent (NOI) and SWPPP or create a new NOI and
SWPPP in compliance with the Construction General Permit and upload to the
California State Water Resources Control Board SMARTS database

 Well abandonment and well installation permits for piezometers planned for
abandonment and installation from Contra Costa County Environmental Health.

5.1.2 Health and Safety

All personnel entering the project control area which encompasses the excavation area and
support areas, will read and comply with the requirements set forth in a site-specific Health and
Safety Plan (HSP) prepared by the contractor. All contractors will be responsible for operating in
accordance with the most current requirements of Title 8, California Code of Regulations,
Section 5192 (8 California Code of Regulations 5192) and Title 29, Code of Federal Regulations
(CFR), Section 1910.120 (29 CFR 1910.120), Standards for Hazardous Waste Operations and
Emergency Response. Onsite personnel will be responsible for operating in accordance with all
applicable regulations of the Occupational Safety and Health Administration outlined in 8
California Code of Regulations General Industry and Construction Safety Orders and 29 CFR
1910 and 29 CFR 1926, Construction Industry Standards, as well as other applicable federal,
state and local laws and regulations. All personnel working at the site shall have reviewed and
signed the HSP, and a safety meeting shall be conducted at the beginning of each work day to
review potential site hazards and safe working procedures.
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In the case that an excavation is greater than 4 feet deep, the contractor will be required to submit
to EH&S a detailed plan showing the design of shoring, bracing, sloping, or other provisions to
be made for worker protection from the hazards of caving ground during the excavation, as
appropriate. The proposed plan will comply with the State of California Construction Safety
Orders and Title 24 of the California Code of Regulations. If the detailed plan varies from such
shoring system standards, it shall be prepared by a registered civil or structural engineer.

5.1.3 Storm Water Pollution Prevention Plan Compliance

The current SWPPP that was developed for stockpiling of clean soils in the RES Area will be
modified to incorporate information about excavation activities in the RES Area (4LEAF, Inc
2013), or a new SWPPP will be completed. The SWPPP will outline the Best Management
Practices that shall be used to prevent erosion or runoff of soil, silts, gravel, non-stormwater
discharges, hazardous chemicals, or other materials that are prohibited by the General
Construction Permit from being discharged from the project boundaries. The SWPPP will
include specific references to regulatory guidelines and applicable UC SOPs.

5.1.4 Utility Clearance

Prior to mobilization for any soil disturbance activity impacting soils greater than 2 feet bgs,
underground utilities must be cleared and marked with UC facility management and utility
locator. UC facility management will be consulted to first check for the presence of known utility
lines in the vicinity of the proposed excavation area, based on existing utility maps, available
information and a site walk. An underground utility survey will be conducted by a utility location
contractor. It should be noted that existing utility location data at the facility may be incomplete:
not all lines are identified on a map, and accuracy of identified utility line locations are limited.
Plastic utility lines without metal tracer wire may be present. Underground pipes or utilities will
be identified using hand-held detection devices, and utilities will be marked on the ground with
indications (standard colors, letters, and numbers) of the assumed type of utility. This
information will be provided to the EH&S for approval to excavate, prior to excavation
activities. Regardless of utility clearance activities, all soil sampling to 5 feet will be conducted
with hand auger equipment.

5.1.5 Ground Clearance and Grubbing

Prior to excavation, large debris, fencing and large vegetation (trees/shrub) will be cleared from
the area to be excavated, either manually or using heavy equipment. Small trees/shrubs may be
left in place for removal by heavy equipment during excavation. Water shall be applied to the
soil surface to mitigate potential dust generation during all intrusive activities.

5.1.6 Groundwater Level Measurement

Groundwater in the RES Area varies from 3 to 16 feet bgs. For excavation activities disturbing
soil to depths greater than 3 feet bgs, the depth to groundwater will be measured in the
piezometers in the vicinity; ideally, measurement will be collected from three piezometers
surrounding the area, within a time period of few hours. The potentiometric surface elevation of
the shallow groundwater at the proposed excavation site calculated using this information, will
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assist the field team to determine at which depth groundwater is likely to occur while excavating
or disturbing soils.

5.1.7 Piezometer Abandonment and Replacement

If a piezometer is located within the project footprint and cannot be maintained following the
project, the existing piezometer will be abandoned properly prior to the excavation of the area.
The groundwater data to date will be reviewed and EH&S will determine whether a replacement
piezometer should be installed. The abandonment of the existing piezometer, and a location of a
replacement piezometer, if applicable, will be proposed to DTSC for review and approval prior
to abandoning the impacted piezometer. The existing piezometer will be abandoned and the
replacement piezometer will be installed according to Contra Costa County Environmental
Health regulations. The replacement piezometer location and elevation will be surveyed by a
licensed surveyor. The replacement piezometer will be developed to accommodate use for future
monitoring activities.

5.1.8 Hazardous Material Abatement

As part of hazardous material abatement for building demolition projects, a number of programs
will be followed regarding the survey, abatement, and mitigation of the potential presence of
hazardous materials related to LBP, asbestos or asbestos-containing materials, PCB-containing
caulking, or the application of pesticides at building foundations.

Soil containing hazardous material identified in the survey will be removed as directed by
EH&S. The removal activity may be conducted in conjunction with the building demolition
work, following relevant health and safety procedures for the work.

5.2 EXCAVATION ACTIVITIES

The following subsections describe management practices that will be implemented as applicable
when excavating contaminated soil. The excavation process may include: (1) excavation of
contaminated soil, (2) pyrite cinder management, (3) erosion and dust control, (4)
decontamination, (5) confirmation sampling, and (6) contaminated soil management. Applicable
excavations include:

 Excavation to remove soil containing chemical concentrations greater than Category I
criteria, but less than Category II criteria (for potential use below an acceptable cover
within the SMP project area)

 Excavation to remove soil containing chemical concentrations greater than Category
II criteria (for off-site disposal)

Implementation practices for excavation activities conducted (1) to geotechnically or structurally
prepare a project footprint for construction; or (2) within project footprints that have been pre-
characterized as containing soil with concentrations less than Category I criteria (and thus no soil
management action is required) are not included in this SMP, and will be described within the
project-specific construction documents.
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5.2.1 Excavation and Confirmation Sampling

Excavation activities will be conducted when soil sampling results are greater than Category I or
II criteria, per the soil management options described in Section 4. Characterization sampling
will be conducted prior to excavation. Samples may also be collected at depths greater than
2.5 feet below the proposed excavation depth as part of characterization sampling; these samples
will be held in the laboratory and analyzed in the case that concentrations from samples from
2.5 feet below the proposed excavation depth exceed criteria. Similarly, samples may be
collected outside of the proposed excavation boundary and held in the laboratory, and analyzed
in the case that concentrations from samples at the edge of the proposed excavation exceed
criteria. Samples being held pending analysis will only be analyzed if the holding time has not
expired. In cases where the holding time is exceeded, an additional sample would be collected at
the edge of the final excavation to confirm that the criteria are not exceeded.

Excavation will be conducted in a safe manner with proper sloping of sidewalls. Excavation will
not extend below groundwater level. Workers will not be allowed to enter the excavation when it
is deeper than 4 feet, unless the excavation is properly shored or sloped. All identified utilities in
the excavation footprint will be deenergized or disconnected prior to any excavation.

To determine the final depth and width of the excavation, confirmation soil samples will be
collected from the bottoms and sidewalls of the excavations to evaluate if sufficient soil
impacted with concentrations of chemicals exceeding Category I or II criteria has been removed.
Confirmation samples will initially be analyzed for all analytes specified in the prescriptive
sampling plan (Table 3). All sampling and analysis activities will be conducted consistent with
the protocols identified in the SAP (Exhibit C2).

Confirmation samples will be collected at the same grid spacing as indicated on Figure 6 (low,
medium, or high density). Sampling required for each of the grid spacing categories consists of
the following:

 Low – 125 foot grid spacing (one sample location per 15,625 square feet) –
applicable in SMP Areas where no historical industrial activities occurred;

 Medium – 100 foot grid spacing (one sample location per 10,000 square feet) –
applicable in SMP Areas where some historical industrial activities occurred, or an
adjacent SMP Area has had a high level of historical industrial activities; and

 High – 75 foot grid spacing (one sample location per 5,625 square feet) – applicable
in SMP Areas where a high level of historical industrial activities occurred.

At least one confirmation sample will be collected at the base of each excavation and one
sidewall sample will be collected from each excavation sidewall. If chemicals are present in any
confirmation sample at a concentration exceeding the Category I or Category II criteria
(depending on the remediation criteria), then the excavation will be expanded either laterally for
sidewall samples or vertically for bottom samples.

For sidewall samples that exceed the criteria, the excavation will be expanded approximately
5 feet laterally, and then resampled. For bottom confirmation samples that exceed the criteria, the
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excavation will be expanded approximately 1 foot vertically, with the provision that excavation
will not extend to such depth as to extend into standing groundwater. The distance to expand an
excavation laterally and vertically may be adjusted based on site-specific or project-specific
conditions. The excavation and confirmation sampling process will repeat until sample results
are below the appropriate criteria, or unless DTSC has approved adequate excavation has been
conducted. EH&S will contact DTSC for concurrence if there are proposed deviations from this
approach.

The horizontal location and depth of each confirmation sample will be accurately recorded on the
as-built plans and all final confirmation sample results will be recorded for presentation in the
Completion Report, which will accompany SMP Form C.

Continuous observation of soil will be required as it is excavated to observe the soil for
indications of potential contamination such as pyrite cinders or unusual debris. If workers
observe unusual debris, EH&S will be notified prior to proceeding with excavation in the area. If
pyrite cinders are observed, the soil will be managed as described below.

5.2.2 Cinder Management

Cinder management applies to the management of pyrite cinders and soils impacted by pyrite
cinders during any soil disturbance activity, regardless of the size of the expected soil
disturbance. Cinder management is based on and is consistent with the previous cinder
management strategy implemented at Former RFS, as documented in the Pyrite Cinder-
Containing Soil Management Procedures (UC Berkeley 2007) and Regulatory Status of Soils
Excavated During Replacement of Old Sewer Lines (DTSC 1993).

EH&S or EH&S-trained personnel will conduct inspections during excavation where cinders are
expected during the following activities:

 Building construction earthwork

 Drainage pipe or culvert installation

 Sewer or water main installation or removal

 Road work where excavation is required as part of drainage or road base installation

 Building renovation work that involves the types of underground utility work

discussed above

EH&S does not expect that direct oversight and inspections will be necessary during smaller
projects, including:

 Tree planting and removal

 Minor landscaping projects not intended to impact subsurface soils such as routine

maintenance, weed control, and plantings



Attachment C, Soil Management Plan C-34 November 25, 2013

RAW, Richmond Bay Campus

 Small irrigation line work and repairs

 Emergency utility work

During soil disturbance activities that are not conducted to remove contaminated soil, excavated
soils, including those mixed with cinders, may be deposited back into the original excavation,
assuming that there is no complete exposure pathway identified. Exposure pathways are
eliminated if cinders are placed beneath 2 feet of native or clean fill, or a hardscaped feature such
as a roadway, parking lot, or building foundation. Cinders will not be placed back into the
original excavation if the highest measured groundwater is within 5 feet of the bottom of the
excavation and placed no closer than 2 feet to the surface. If cinders are excavated from an
excavation less than 2 feet deep, cinders cannot be replaced in that excavation. To the extent that
no removal of cinders from the project area is involved and that all material can be placed back
into the excavation, EH&S will likely not perform cinder sampling.

During soil disturbance activities that are conducted to remove contaminated soil, cinders will be
removed from the excavation if they are within the original excavation footprint.

Displaced soil which cannot be placed back into the excavation will be assessed to determine if it
exhibits a characteristic specified in Identification and Listing of Hazardous Waste, Chapter 11,
Title 22, California Code of Regulations. EH&S will sample the material and determine the
proper method of disposal. While sample results are pending, the material will be stored in
covered stockpiles, covered bins, or drums. If the displaced soil is determined to be a hazardous
waste, it will be managed in accordance with all California and Federal hazardous waste laws
and regulations. Soil characterized as having concentrations below Category I criteria may be
reused within the SMP project area. Soil characterized as having concentrations below Category
II criteria can be managed on site per the SMP. On-site soil management generally consists of
placement of soil beneath 2 feet of clean fill, under a roadway or parking lot, or building
foundation, as defined in Section 4.3.1.

EH&S will ensure cinder locations are documented within EH&S files.

5.2.3 Erosion, Dust Control, and Air Monitoring

All excavated soils will be managed to prevent dust, spills to the ground or water, disposal into
drains, and exposure risk to people or the environment. Excavation, transportation, and handling
of all soil must result in no visible dust at the fence line of the excavation. Any soil material
proposed to be placed as fill, whether from an offsite source or onsite source, will be kept
covered or moist to facilitate eventual compaction and to control dust during earthwork
operations. A water truck, water tank, or hydrant will be available to supply water in sufficient
quantity on the job site while earthwork operations are underway. Sufficient water will be
applied to suppress dust while exercising care to avoid generating runoff to any area outside the
project boundary. Dust control measures will be implemented, as appropriate and necessary,
beginning with site mobilization and continuing during all phases of the construction activities.
Water will not be applied if there is a possibility of spreading contaminated soil or leaching
contaminants from the soil, or if it results in hazardous working conditions.
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Erosion and Dust Control

Contractors will not be allowed to stockpile material containing or suspected to contain
hazardous waste or contamination unless covered and protected from rain or wind erosion for the
duration of the construction project. Stockpiles of material containing hazardous waste or
contamination will be placed on plastic sheeting of adequate thickness to contain the soils, and
will not be placed in areas potentially affected by surface run-on or run-off. Contaminated and
clean soils material will not be allowed to enter storm drains, inlets, or waters of the State. The
plastic sheeting used to cover the soil must be anchored to the ground and weighted as necessary
to securely and completely cover the stockpiled soil to prevent wind-blown dust from being
generated. All stockpiled soil must be managed in accordance with the requirements outlined in
the SWPPP and Section 5.1.4 of the RAW. EH&S will review and approve the project-specific
SWPPP prior to submittal to the State Water Board. EH&S or EH&S-trained personnel will
conduct inspections during work where soil is disturbed, including:

 Building construction earthwork

 Excavation of contaminated soil

 Loading and transportation of soil

 Drainage pipe or culvert installation

 Sewer or water main installation or removal

 Road work where excavation is required as part of drainage or road base installation

The construction general permit, if applicable to the project, requires that all SWPPP-related
inspections must be performed by a Qualified SWPPP Practitioner (QSP) or Developer (QSD).
The QSP or QSD can delegate other trained staff to perform some of the inspections on their
behalf but the QSD or QSP must do some of the inspections since they have to certify the
inspections.

EH&S does not typically require direct oversight and inspections for smaller projects, including:

 Tree planting and removal

 Landscaping projects impacting less than 20 CY

 Small irrigation line work and repairs

 Soil sampling and piezometer installation

 Emergency utility work

If the excavation is to be conducted when rain is possible, the site work must be carefully
executed to contain potentially contaminated surface water, groundwater in excavations, muddy
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soils within the project area, and prevent off-site tracking of sediment and soils to adjoining
roads.

Air Monitoring

Exposure monitoring and air sampling will be evaluated for each SMP project to monitor
possible airborne levels of contaminants down-wind from any excavation and stockpile areas,
and ensure that all on- and off-site workers are protected. The monitoring will help assure that
excavation activities do not pose unacceptable concentrations to project personnel or any
down-wind human receptors.

Prior to beginning construction for a project, a description of the conditions under which air
monitoring would take place, the general approach that would be used by EH&S to develop
action levels, a general description of the air monitoring equipment expected to be employed,
and a citation to any appropriate health and safety plans.

Pertinent project information to decide if a project requires air monitoring include:

 Project size and location

 Nature of project and potential to generate airborne particulates or dust

 Contaminant concentrations

 Proximity to potential on-site and off-site receptors

Should air monitoring be required for a project, action levels will be developed using available
soil sampling data to determine the chemicals of potential concern for the project, the potential
concentration of the chemicals in dust, and acceptable concentrations in dust (including
risk-based concentration). The potential concentrations of chemicals in dust will then be
compared to the acceptable concentrations and action levels will be established. It is anticipated
that only large projects or projects in areas with elevated soil concentrations would require
perimeter dust monitoring using real-time aerosol monitors (such as the MIE Personal Data
Rams) equipped with data loggers to provide immediate information for the total dust levels
present. Should analyte-specific monitoring be required (such as for mercury vapors), equipment
and additional action level criteria will be included in the project construction plans or a separate
air monitoring plan.

5.2.4 Decontamination

An exclusion zone will be established around the project’s excavation area. Access to and from
the exclusion zone by personnel and equipment will be controlled to mitigate site risks and
prevent the spread of contamination. Decontamination procedures for workers will be established
in the HSP.

A lined decontamination pad appropriately sized for storage and treatment of all anticipated rinse
water will be placed just outside the exclusion zone and near the excavation area. The pad should
be sized to collect decontamination water and overspray. Collection and removal of the
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decontamination water and precipitation captured in the decontamination pad will be conducted
utilizing sumps, dikes, ditches, and holding tanks as required. The pad design will depend on the
size and duration of the project. For smaller projects, a lined bermed area with water collection to
drums via a sump pump at the low end is sufficient. The decontamination pad design will be
approved by EH&S prior to construction.

All wastes including liquid wastes and non-hazardous or hazardous contaminated soils will be
managed to prevent uncontrolled releases outside of the project area. Contaminated material
handling and storage is discussed in Section 5.2.5.

All vehicles exiting the site will be inspected to be free of mud on tires, wheel wells,
undercarriage and other exposed surfaces outside the covered truck bed or roll-off bin. Vehicles
will be cleaned as necessary prior to leaving the decontamination area.

5.2.5 Waste Handling and Storage

Wastes generated during excavation and investigation will include hazardous and nonhazardous
soil, decontamination water, and other investigation-derived waste. Wastes will be handled and
stored according to the protocols below and all state and federal laws. Storage containers will be
in good condition and constructed of materials that are compatible with the material to be stored.
Each container will be clearly labeled with an identification number and a written log will be
kept to track the source of contaminated material in each temporary storage container. Samples
of soils and liquids will be collected and analyzed for contaminated material in conformance
with state and federal criteria as well as to the requirements of the treatment or landfill facility, as
further described in Section 5.3.1 below.

Hazardous Soils

Soil with chemical concentrations known to be TSCA waste, Resource Conservation and
Recovery Act hazardous waste, or California hazardous waste, based on results from prior
sampling or EH&S knowledge, will be stockpiled separately from soils with unknown chemical
concentrations, or concentrations less than hazardous waste criteria.

For temporary storage of contaminated soil or hazardous soil remediation waste storage, securely
covered stockpiles, drums, or metal containers will be utilized. Drums and other metal containers
must be appropriately labeled per all applicable legal requirements.

Stockpiles will be constructed to isolate stored contaminated material from the environment.
Stockpiles will be placed on and covered with a chemically resistant geomembrane liner free of
holes and other damage. Stockpiles will be managed in compliance with Section 5.1.4 of the
RAW and the applicable SWPPP as modified for the soil management action, to prevent
pollutants from being discharged from the project boundaries.

Roll-off bins used to temporarily store contaminated material will be water-tight. A cover will be
placed over the bins to prevent precipitation from contacting the stored material. Excavated soil
containing pyrite cinder must be segregated and stored in covered bins, drums, or other suitable
container.
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Nonhazardous Soils Waste

Excavations and investigations may generate nonhazardous soil waste. Soils that are considered
potentially contaminated will be segregated from nonhazardous waste and clean soils until
characterized. Soils with chemical analysis results that do not exceed state or federal hazardous
waste criteria concentrations are considered nonhazardous soils only if approved by EH&S.

Nonhazardous soils may be used on-site consistent with the provisions of the SMP, or may be
removed from the property only if directed and approved by EH&S.

Waste Water

Liquid collected from personnel and equipment decontamination operations will be temporarily
stored in drums or other suitable containers. Water from heavy equipment decontamination,
excavations and stockpile areas will be temporarily stored in tanks, drums, or other suitable
containers. Stored wastewater containers will be appropriately labeled per all applicable legal
requirements.

Aqueous waste will be analyzed per the requirements of the SWPPP and project COCs. If
analytical test results show that the water is not contaminated and within limits for onsite
discharge then it will be disposed of on-site per the SWPPP. Waste water not suitable for on-site
disposal will be managed consistent with Section 5.3.1.

5.3 POST-EXCAVATION ACTIVITIES

Post-excavation activities include waste classification and transportation, and site restoration.

5.3.1 Waste Classification, Transportation, and Disposal

Wastes and their expected waste classifications anticipated to be generated during excavation
will include the following:

Type of Waste Expected Waste Classification

Soil containing chemical concentrations less than
hazardous waste criteria

Nonhazardous solid waste

Soil containing chemical concentrations greater
than hazardous waste criteria

Hazardous solid waste

Soil containing PCB concentrations greater than
1 mg/kg

TSCA solid waste

Aqueous wastes from decontamination water and
any surface water contained onsite

Nonhazardous or hazardous liquid waste (pending
waste characterization results)

IDW (PPE and disposable sampling equipment)
Nonhazardous solid waste or hazardous solid waste,
consistent with soil or aqueous waste determinations
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Waste Classification

Waste codes applicable to each hazardous waste stream will be identified based on the
requirements in 40 CFR 261 and California Title 22 California Code of Regulation 66261, and
any other applicable state law or regulation. All applicable treatment standards in 40 CFR 268
and state land disposal restrictions will be identified and a determination will be made as to
whether or not the waste meets or exceeds the standards. Wastes with total PCB concentrations
greater than 1 mg/kg will be disposed of off-site at an appropriate facility for TSCA waste.
Waste profiles, analyses, classification and treatment standards will be according to the
requirements of receiving facility and will be reviewed and approved by EH&S prior to any
waste disposal activities.

Existing data for the excavated soil may be sufficient to meet disposal facility profiling
requirements. If, however, the selected disposal facilities require additional profiling, or if EH&S
elects to conduct additional waste profiling, samples will be collected from the excavated soil
and analyzed for the constituents specified by the selected disposal facilities.

To characterize soil for disposal, waste characterization samples will be collected to adequately
meet the representativeness and variability goals identified in SW-846 Chapter 9. Waste
characterization sampling will be proposed on a case-by-case basis, to allow for incorporation of
site conditions, SMP sampling results, and waste stream volumes.

Analytical criteria are dependent on the requirements of the receiving facility; therefore, the
receiving facility will be consulted prior to analysis of the samples. Additional tests may be
needed based on the results of the initial tests. Once characterized, the waste will be classified
and disposed according to federal and state regulations.

A waste acceptance letter will be obtained from each selected disposal facility. Waste profile
sample results and documentation will be included in the Completion Report, which will
accompany SMP Form C.

Waste Transportation

Manifests will be used for transporting hazardous wastes as required by 40 CFR 263 and
applicable state law or regulation. Transportation will comply with all requirements in the
Department of Transportation referenced regulations in the 49 CFR series. Manifests and waste
profiles will be reviewed and approved by EH&S prior to any waste transportation activities.
Land disposal restriction notifications will be prepared as required by 40 CFR 268 and any
applicable state law or regulation for each shipment of hazardous waste and will be reviewed
and approved by EH&S. Hazardous waste manifests will be prepared for each shipment of
waste shipped offsite using instructions in 40 CFR 761, Sections .207 and .208 and all other
applicable requirements. Soil waste will be removed from the site in compliance with all U. S.
Department of Transportation regulations and will be covered to prevent soil loss during
transport.
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Waste Disposal

No soils will be removed from the site for offsite disposal without EH&S permission. Soils
designated for off-site soil disposal will first be sampled according to the requirements of the
potential receiving facility and in compliance with all state and federal waste classification
requirements. All contaminated nonhazardous or hazardous soil waste will be disposed at an
appropriately permitted landfill or treatment facility. Personal protective equipment (PPE) and
disposable sampling equipment will be disposed of offsite as hazardous or nonhazardous waste.

5.3.2 Site Restoration

Excavations will be backfilled as soon possible after all contaminated materials have been
removed and confirmation test results have been evaluated by EH&S. As discussed in
Section 4.3.1, before placing backfill, a demarcation layer will be placed along the bottom and
sides of the excavation, if soil exceeding Category I criteria is to be left-in-place, to indicate the
extent to which soil was excavated and backfilled. If UC construction specifications apply, soil
will be spread, moisture conditioned, and compacted in 8- to 12-inch thick loose lifts to 95
percent relative compaction or greater relative to the modified proctor standard (American
Society for Testing and Materials D1557).

Backfill Material

All fill material, imported or otherwise, will be entirely free of refuse and any other deleterious
material. If UC construction specifications apply, a testing laboratory or the project geotechnical
engineer will be retained to certify that all fill has been spread, compacted, and tested to meet the
compaction standards established for the project.

As discussed in Section 5.2.5, soil with concentrations of COCs below Category I criteria may be
used as backfill in the same excavation, or at another location within the RES Area with DTSC
approval.

Other sources of imported clean fill are also permitted at the Richmond Bay Campus. In order to
minimize the potential of introducing contaminated fill material, documentation will be verified
that the fill source is appropriate. Potential sources of imported fill will be sampled as
recommended in the Cal/EPA DTSC Information Advisory, Clean Imported Fill Material (DTSC
2001). Fill documentation will include detailed information on the previous use of the land from
where the fill is taken, whether an environmental site assessment was performed and its findings,
and the results of analytical testing performed. If such documentation is not available or is
inadequate, samples of the fill material will be chemically analyzed. Analytical methods required
for the fill material will be based on the source of the fill and knowledge of the prior land use.
The number of samples per volume of imported fill will be determined according to the table in
the “Waste Characterization” section above.

Analytical results of potential imported fill will be compared to the following criteria to
determine if the fill can be imported and used:

 Category I criteria (Table 1)
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 Total threshold limit concentrations (Title 22 of the California Code of Regulations)

EH&S personnel will review fill documentation before approving acceptance of fill soil, and will
notify DTSC before any soil is imported for use. EH&S will provide written notification, all
analytical results, and location and history of source area to DTSC, as part of the documentation
included in SMP Form C.
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6.0 COMPLETION REPORTING

Completion reporting is conducted for all projects requiring soil excavation or on-site
management. Completion reporting will document all portions of the SMP relevant to proper
sampling and management of soils.

Projects with soils exceeding Category I criteria will require an on-site management or
excavation plan per Section 4.3 and will also require documentation of all activities following
completion of the soil disturbance project. Documentation of project completion will be
addressed through SMP Form C, Completion Report (Exhibit C1) and within a final project
completion report. Instructions for completing SMP Form C are presented below. Geologic or
engineering plans, specifications, drawings, and reports contained in the Completion Report will
be prepared by, or under the direct supervision of, a California professional geologist or civil
engineer, as appropriate, who will review and sign all such documents indicating responsibility
for their content. If UC elects to select alternative methods for soil sampling and management for
a project, EH&S will prepare a detailed completion summary report for submittal to DTSC for
concurrence in lieu of SMP Forms and attachments.

Instructions for SMP Form C,

Completion Report

1. Summary of Completed
Construction Project

Provide description of the completed construction project, with specific
attention to final surface grade, including asphalt, concrete, landscaped areas,
or building footings. The intent is to describe any possible exposure pathways
to Category II soils, if applicable.

2. Summary of Completed
Soil Management Actions

Provide description of any on-site or excavation soil management activities
completed.

3. On-Site Management Plan
Implemented

Confirm that the on-site management plan was implemented according to SMP
Form B, Item 3a, if applicable. Include any deviations from the plan, if
appropriate.

4. Soil Excavation Plan
Implemented

Confirm that the excavation plan was implemented according to SMP Form B,
Item 3b, if applicable. Include any deviations from the plan, if appropriate.

5. Project Completion Report
Meets SMP Requirements

Final confirmation that all soil sampling and management activities were
completed according to the SMP requirements. Attach completion report
which discusses soil sampling design, sampling results, data evaluation, soil
management practices, and final construction project completion.

4. SMP Form C EH&S
Approval

Form C must be signed and dated by EH&S staff responsible for
implementation of SMP. Signature indicates review and approval of Items 1
through 4. Signature indicates that proper additional documentation necessary
is included within EH&S files. EH&S will provide SMP Form C to DTSC.

In addition to SMP Forms B and C, EH&S will prepare a completion report to provide to DTSC.
The completion report will include the following information documenting the soil management
action completion:

 Summary of soil sampling location, depths, sample identification and analytical
results compared to soil criteria



Attachment C, Soil Management Plan C-43 November 25, 2013

RAW, Richmond Bay Campus

 Discussion of any deviations from the sampling design or SMP

 Laboratory analytical reports

 Soil data evaluation results, including data completeness, data quality, and soil
management action conducted

 Summary of the soil excavation work, including location and depths of excavation
activities

 Data evaluation which supported decision that the soil within the project area has
been managed on-site or excavated for off-site disposal, including summary of any
cinders or hazardous wastes identified

 Text describing the final cover or the materials to eliminate direct contact exposure
pathway to commercial workers and visitors

 Figures indicating all sampling locations, Criteria I or II exceedances, final
excavation areas, and cover area, material, and thickness, if appropriate

 Summary of disposition of excavated soil (off-site disposal or on-site management
within RES Area)

 Summary of all confirmation sample results

 Summary of backfill, final grade, and final project description

 Copies of signed hazardous waste manifest and bill of landings
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FIGURE 1
RICHMOND BAY CAMPUS

LOCATION MAP
Soil Management Plan

Source: 
Adopted from Figure 1, LRDP Land Use Plan, in:  LBNL. 2013. 
Notice of Preparation, Draft Environmental Impact Report,
Richmond Bay Campus 2013 Long Range Develpment Plan
and Phase 1 Development, Richmond Bay Campus, Richmond
Field Station.  January 4.
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FIGURE 4
PHYSICAL FEATURES

Existing Building
(Building Numbers Shown in Blue)

Surface Water

Asphalt/Concrete Pads

Well Field Boundary

Portion of RFS Property Subject to DTSC
order, Defined as "Site"

Fenceline

¨ ¨ ¨ ¨ Biologically Active Permeable Barrier Wall

Former Seawall (Approximate)

Slurry Wall

Sanitary Sewer Lines:

Existing Sewer Line

Removed Sewer Line

Abandoned Sewer Line

!< Aboveground Storage Tank (AST)

!

<

Former Underground Storage Tank (UST)

Transformer Locations:

#0* Pad-Supported, Non PCB-Containing

"U
Pad-Supported,
Former PCB-Containing (Removed)

^̀ Pole-Mounted, Non PCB-Containing

!C
Pole-Mounted,
Former PCB-Containing (Removed)

Storm Drain Lines:

Open Swale

Underground Culvert

Underground Culvert, Abandoned (Grouted at
Manholes)

! A Open Well (Not in Use)

!A Closed Well (Pressure Grouted)

@A Open Piezometer

BÓ Open Geosciences Well

@? BAPB Wells on RFS Property

A Zeneca Wells on RFS Property

Note:
BAPB
DTSC
EBRPD
EPA
PCB
RFS Soil Management Plan

Biologically Active Permeable Barrier
Department of Toxic Substances Control
East Bay Reagional Parks District
Evironmental Protection Agency
Polychlorinated biphenyls
Richmond Field Station
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FIGURE 5

SOIL MANAGEMENT PLAN AREAS

Richmond Bay Campus

Soil Management Plan
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FIGURE 6

SOIL MANAGEMENT PLAN AREAS
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Table 1:  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

COCs

Arsenic 16 16 16 Background 2 NA Manage in place per SMP Section 
5.2.2

Lead 4 320 320 320 CHHSL 800 3,5 EPA Region IX Lead Industrial 
RSL

Mercury 275 77.0 1,920 Lesser of the Cancer and 
Noncancer RBC 275 No change

BAP (EQ) 0.4 0.4 0.4 Ambient 2 1.45 10 x Commercial Use Cancer RBC

Aroclor-1248 1 6 3.50 3.50 1 6 TSCA High Occupancy, No Cap

Aroclor-1254 1 6 2.02 3.50 1 6 TSCA High Occupancy, No Cap

Aroclor-1260 1 6 3.50 3.50 1 6 TSCA High Occupancy, No Cap

Dioxin TEQ 0.0000164 0.000116 0.000116 Lesser of the Cancer and 
Noncancer RBC 0.000164 10 x Commercial Use Criteria

Other Detected Chemicals
Metals
Aluminum 100,000 20,300 100,000 100,000 10 x Commercial Use Criteria 7
Antimony 367 109 2,720 3,670 10 x Commercial Use Criteria
Barium 100,000 2,110 52,600 100,000 10 x Commercial Use Criteria 7
Beryllium 1,760 29.0 128 17,600 10 x Commercial Use Criteria
Boron 100,000 33,600 100,000 100,000 10 x Commercial Use Criteria 7
Cadmium 1000 68.1 73.0 10,000 10 x Commercial Use Criteria
Chromium 100,000 100,000 100,000 100,000 10 x Commercial Use Criteria 7
Cobalt 273 19.9 34.1 2,730 10 x Commercial Use Criteria
Copper 36,700 10,900 100,000 100,000 10 x Commercial Use Criteria 7

Iron 100,000 100,000 100,000 100,000 10 x Commercial Use Criteria 7

Manganese 20,500 212 5,300 100,000 10 x Commercial Use Criteria 7
Molybdenum 4,590 1,360 34,000 45,900 10 x Commercial Use Criteria
Nickel 14,900 60.6 1,180 100,000 10 x Commercial Use Criteria 7
Selenium 4,590 1,340 33,500 45,900 10 x Commercial Use Criteria
Silver 4,590 1,360 34,000 45,900 10 x Commercial Use Criteria
Thallium 9.17 2.72 68.0 92 10 x Commercial Use Criteria
Vanadium 4,590 1,360 34,000 45,900 10 x Commercial Use Criteria
Zinc 100,000 81,600 100,000 100,000 10 x Commercial Use Criteria 7

VOCs
1,2-Dichloropropane 4.41 71.0 83.7 44 10 x Commercial Use Criteria
Acetone 100,000 100,000 100,000 100,000 10 x Commercial Use Criteria 7

Benzene 1.44 27.9 27.9 14 10 x Commercial Use Criteria

Category I Category II (On-Site Management)

TSCA High Occupancy, No Cap 
(commercial use); Lesser of the 

Cancer and Noncancer RBC 
(construction and maintenance 

workers)

Lesser of the Cancer and 
Noncancer RBC

Lesser of the Cancer and 
Noncancer RBC

SMP, Richmond Bay Campus Page 1 of 4



Table 1:  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

Category I Category II (On-Site Management)

VOCs (continued)
Ethylbenzene 24.0 393 393 240 10 x Commercial Use Criteria
m,p-Xylene 2,510 2,350 58,700 25,100 10 x Commercial Use Criteria
o-Xylene 2,950 2,730 68,100 29,500 10 x Commercial Use Criteria
Toluene 5,230 3,830 95,700 52,300 10 x Commercial Use Criteria
Trichloroethene 5.72 15.8 93.7 57.2 10 x Commercial Use Criteria
SVOCs
1-Methylnaphthalene 36.4 243 243 364 10 x Commercial Use Criteria
2-Methylnaphthalene 1,510 403 10,100 15,100 10 x Commercial Use Criteria
4-Methylphenol 47,800 13,000 100,000 478,000 10 x Commercial Use Criteria
Acenaphthene 22,600 6,047 100,000 100,000 10 x Commercial Use Criteria 7

Acenaphthylene 22,600 6,047 100,000 100,000 10 x Commercial Use Criteria 7

Anthracene 100,000 30,200 100,000 100,000 No change
Benzo(a)anthracene 0.880 5.87 5.87 8.80 10 x Commercial Use Criteria
Benzo(a)pyrene 0.145 0.963 0.963 1.45 10 x Commercial Use Criteria
Benzo(b)fluoranthene 0.880 5.87 5.87 8.80 10 x Commercial Use Criteria
Benzo(g,h,i)perylene 11,300 3,020 75,600 100,000 10 x Commercial Use Criteria 7

Benzo(k)fluoranthene 0.880 5.87 5.87 8.80 10 x Commercial Use Criteria
bis(2-Ethylhexyl)phthalate 95.5 647 647 955 10 x Commercial Use Criteria
Chrysene 8.80 58.7 58.7 88.0 10 x Commercial Use Criteria
Dibenz(a,h)anthracene 0.145 0.963 0.963 1.45 10 x Commercial Use Criteria
di-n-Butylphthalate 47,800 13,000 100,000 478,000 10 x Commercial Use Criteria
Fluoranthene 15,100 4,030 100,000 100,000 10 x Commercial Use Criteria 7

Fluorene 15,100 4,030 100,000 100,000 10 x Commercial Use Criteria 7

Indeno(1,2,3-cd)pyrene 0.880 5.87 5.87 9 10 x Commercial Use Criteria
Naphthalene 18.0 450 450 180 10 x Commercial Use Criteria
Phenanthrene 15,100 4,030 100,000 100,000 10 x Commercial Use Criteria 7

Pyrene 11,300 3,020 75,600 100,000 10 x Commercial Use Criteria 7

PCBs

Aroclor-1242 1 6 3.50 3.50 TSCA High Occupancy, No Cap 1 6 No change

Pesticides
4,4'-DDD 7.59 52.8 52.8 75.9 10 x Commercial Use Criteria
4,4'-DDE 5.36 37.3 37.3 53.6 10 x Commercial Use Criteria
4,4'-DDT 5.36 37.3 37.3 53.6 10 x Commercial Use Criteria
Aldrin 0.107 0.745 0.745 1.07 10 x Commercial Use Criteria
alpha-BHC 0.289 2.01 2.01 2.89 10 x Commercial Use Criteria
alpha-Chlordane 1.40 9.76 9.76 14.0 10 x Commercial Use Criteria
beta-BHC 1.01 7.04 7.04 10.1 10 x Commercial Use Criteria
Carbazole 145 934 934 1,450 10 x Commercial Use Criteria
Chlordane 1.40 9.76 9.76 14.0 10 x Commercial Use Criteria

Lesser of the Cancer and 
Noncancer RBC

Lesser of the Cancer and 
Noncancer RBC

Lesser of the Cancer and 
Noncancer RBC
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Table 1:  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

Category I Category II (On-Site Management)

Pesticides (continued)
delta-BHC 0.289 2.01 2.01 2.89 10 x Commercial Use Criteria
Dieldrin 0.114 0.792 0.792 1.14 10 x Commercial Use Criteria
Endosulfan I 3,910 1,100 27,500 39,100 10 x Commercial Use Criteria
Endosulfan II 3,910 1,100 27,500 39,100 10 x Commercial Use Criteria
Endosulfan sulfate 3,910 1,100 27,500 39,100 10 x Commercial Use Criteria
Endrin 195 54.9 1,370 1,950 10 x Commercial Use Criteria
Endrin aldehyde 195 54.9 1,370 1,950 10 x Commercial Use Criteria
gamma-BHC (Lindane) 1.66 11.5 11.5 16.6 10 x Commercial Use Criteria
gamma-Chlordane 1.4 9.76 9.76 14.0 10 x Commercial Use Criteria
Heptachlor 0.405 2.82 2.82 4.05 10 x Commercial Use Criteria
Heptachlor epoxide 0.2 1.39 1.39 2.00 10 x Commercial Use Criteria
Mirex 0.101 0.704 0.704 1.01 10 x Commercial Use Criteria
Pentachlorophenol 1.86 12.2 12.2 18.6 10 x Commercial Use Criteria
Explosives

HMX 23,900 6,500 100,000 Lesser of the Cancer and 
Noncancer RBC 23,900 Noncancer RBC

TPH
Diesel range organics 500 500 500 ESL 500 ESL
Gasoline range organics 500 500 500 ESL 500 ESL
Motor oil range organics 2,500 2,500 2,500 ESL 2,500 ESL

Notes:
All values are in mg/kg.

1

2

3
4
5
6
7

EPA U.S. Environmental Protection Agency DDD Dichlorodiphenyldichloroethane
BAP (EQ) Benzo(a)pyrene equivalent DDE Dichlorodiphenyldichloroethylene
BHC Hexachlorocyclohexane DDT Dichlorodiphenyltrichloroethane
Cal/EPA California Environmental Protection Ageny DTSC California Department of Toxic Substances Control
CHHSL California human health screening level EPA U.S. Environmental Protection Agency
COC Chemical of concern ESL Environmental Screening Level

Criteria for Aroclors of 1 mg/kg is for total Aroclors (the sum of all detected individual Aroclors in a particular sample).
The commercial use criteria is the default value of 100,000 mg/kg for cases where the calculated commercial RBC value exceeds 100,000 mg/kg; therefore the manage-in-place criteria is also equal to the default 
value of 100,000 mg/kg. In cases where 10 times the commercial RBC is greater than 100,000, the default values of 100,000 mg/kg is used.

The development of commercial RBCs is discussed in Appendix C of the SCR (Tetra Tech 2013).  RBCs are shown with 3 significant figures, except where the default value of 100,00 mg/kg apply (calculated value 
exceeds 100,000 mg/kg).

Background level for arsenic (16 mg/kg) was established for the adjacent Campus Bay Site and approved by DTSC for the Site (Erler & Kalinowski, Inc. 2007; DTSC 2007).   Ambient levels for BAP (EQ) (0.4 mg/kg) 
are based on the 95 UCL concentration of the ambient dataset for BaP EQ in surface soils in Northern California (DTSC 2009).
If associated with cinders, manage on site per Section 5.2.2. If not associated with cinders, investigate further, determine if source is present, and dispose of off-site.
An RBC was not calculated for lead. Rather, the CHHSL (OEHHA 2009) was used.
Category II lead value based on industrial RSL from EPA 2012.

Lesser of the Cancer and 
Noncancer RBC
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Table 1:  Categories I and II Soil Screening Criteria

Chemical
Commercial Use 

Criteria
Construction 

Worker Criteria
Maintenance 

Worker Criteria
Source for Commercial Use 

Criteria 1
On-Site Management 

Criteria
Rationale for On-Site 
Management Criteria

Category I Category II (On-Site Management)

Notes (continued):
HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine SMP Soil management plan
mg/kg Milligrams per kilogram SVOC Semivolatile organic compound
NA Not applicable TEQ Toxic equivalency quotient
OEHHA Cal/EPA Office of Environmental Health Tetra Tech Tetra Tech, Inc.

      Hazard Assessment TPH Total petroleum hydrocarbons
PCB Polychlorinated biphenyl TSCA Toxic Substances Control Act
RBC Risk-based concentration VOC Volatile organic compound
RSL Regional Screeing Level
SCR Site characterization report

References:
DTSC.  2007.  Letter to Doug Mosteller from Barbara Cook Concurring on the Recommendation of 16 mg/kg Arsenic as a Good Estimator of the Upper Range of the Ambient 

Distribution of Arsenic at the Campus Bay Site.  October 1.
DTSC. 2009. Use of the Northern and Southern California Polynuclear Aromatic Hydrocarbon (PAH) Studies in the Manufactured Gas Plant Site Cleanup Process. July 1.
EPA. 2005. Polychlorinated Biphenyl (PCB) Site Revitalization Guidance Under the Toxic Substances Control Act. November.

 Available online at: http://www.epa.gov/osw/hazard/tsd/pcbs/pubs/pcb-guid3-06.pdf.
EPA. 2012. "Regional Screening Levels." Screening Levels for Chemical Contaminants.  November.
Erler & Kalinowski, Inc. 2007.  Technical Memorandum: Background Concentrations of Arsenic in Soil at Campus Bay, Campus Bay Site, Richmond, California.  July 23. 
OEHHA.  2009.  "Revised California Human Health Screening Levels for Lead."  Integrated Risk Assessment Branch, OEHHA, Cal/EPA.  September.
Tetra Tech. 2013.  Site Characterization Report, Research, Education, and Support Area and Groundwater within the Richmond Field Station Site.  May 28.
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Table 2:  Summary of SMP Areas and Historical Activities

SMP Area Historical Activities UC Berkeley Activities 1 Previous Cleanups 2
COC of Completed 

Cleanup

Known 
Pyrite 

Cinders?
1 -- -- -- -- -- Y N

2 CCC, Shell Manufacturing, 
Pyrite Cinder Disposal B128 Area 4 - Phase 2

RA 6 (AOC U6) - Phase 3
1 - 1.5 3

2 - 5
Pyrite Cinders, Hg
Hg, PCBs

URS 2004
URS 2005 Y N

3 CCC, MFA, Pyrite Cinder 
Disposal B102, B112

Area 4 - Phase 2
RA 4 (AOC U4) - Phase 3
RA 6 (AOC U6) - Phase 3        

1 - 5 3

1
2 - 5

Pyrite Cinders, Hg
As, Cr, Cu, Pb, Hg
Hg, PCBs

URS 2004
URS 2005 Y N

4 CCC, Briquette, Pyrite Cinder 
Disposal B163 Area 1 - Phase 1 11 Pyrite Cinders, Hg URS 2003b N N

5 CCC -- -- -- -- Y Y 4

6 CCC
B120 chemical and petroleum product 
storage, maintenance equipment 
storage, incinerator, UST (removed)

-- -- -- Y Y 5

7 CCC, Pacific Cartridge 
Company B118, B125, B275, UST (removed) RA 4 (AOC U4) - Phase 3 1 As, Cr, Cu, Pb, Hg URS 2005 Y N

8 -- B276, B277 RA 5 (AOC U8) - Phase 3 2 PCBs URS 2005 N N

9 CCC B151, B158, B165, B277, UST 
(Removed) -- -- -- -- N N

10 CCC AST -- -- -- -- Y N
11 CCC -- -- -- -- -- N N

12 CCC, Explosives Storage Area B167 RA 1 (AOC U1) - Phase 3
RA 2 (AOC U2) - Phase 3

1
1 - 3 6

As, Cu, Pb
As, Cu URS 2005 Y N

13 -- B300 -- -- -- -- N N
14 -- -- -- -- -- -- N N
15 -- B280A, B280B, AST -- -- -- -- N Y 5

16 -- -- -- -- -- -- N N
17 -- -- -- -- -- -- Y N
18 -- B460 -- -- -- -- N N
19 CCC, Explosives Test Pit -- RA 2 (AOC U2) - Phase 3 1 - 3 6 As, Cu URS 2005 Y N

20 -- B420, B421, B484, AST, B421 hydraulic 
oil spill -- -- -- -- N N

21 -- FPL WTL (B470-B473) RA 3 (AOC U3) - Phase 3
FPL WTL TCRA

1
2 - 3.5

As, Cu
As

URS 2005
Tetra Tech 

2008c
N Y 4

22 -- FPL (B474, B478, B480) -- -- -- -- N N
23 -- B450, AST -- -- -- -- N N
24 -- -- -- -- -- -- N N
25 -- -- -- -- -- -- N N

Commercial 
Vapor Intrusion 

RBC 
Exceedance in 

GW

Report 
Reference for 

Cleanup

Depth of 
Completed 

Cleanup (ft bgs)
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Table 2:  Summary of SMP Areas and Historical Activities

Notes:
1  See Section 1.1.4.1 of the CCR (Tetra Tech 2008d) for a description of research activities associated with each building.  Tranformers are present in SMP Areas 2, 3, 7, 8, 20, 21, and 24.  

All transformers have been investigated. Remediation activities are planned to remove PCB contamination near the B112 and B150 transformers in SMP Areas 3 and 7.  

PCB levels at all other transformers do not require remediation.

2 Cleanups planned for mercury in SMP Area 3, and for PCBs in SMP Areas 3 and 7.

3 Depth indicated is the range of depths of the remediated area within the SMP Area.

4 TCE groundwater concentration exceeds site-specific goal of 270 µg/L established by DTSC for the Campus Bay site (EKI 2008; Terraphase 2012).

5 Carbon tetrachloride groundwater concentration exceeds commercial RBC of 2.63 µg/L (Tetra Tech 2013).

6 A wooden vault approximately six foot by six foot by six feet deep containing cinders was discovered during the remedial action.  The structure and cinders were removed.

Acronyms:

-- None/not applicable MFA Mercury Fulminate Area

AOC Area of concern Pb Lead

As Arsenic PCB Polychlorinated biphenyl

AST Aboveground storage tank RA Remedial area

CCC California Cap Company RBC Risk-based concentration

Cr Chromium SMP Soil management plan

COC Chemical of concern TCE Trichloroethene

Cu Copper TCRA Time-critical removal action

DTSC Department of Toxic Substances Control Terraphase Terraphase Engineering, Inc.

EKI Erler & Kalinowski, Inc. Tetra Tech Tetra Tech, Inc. (formerly Tetra Tech EM Inc.)

FPL WTP Forest Products Products Laboratory Wood Treatment Laboratory UC University of California 

ft bgs Feet below ground surface ug/L Micrograms per liter

GW Groundwater URS URS Corporation

Hg Mercury UST Underground storage tank

N No Y Yes

References:

EKI.  2008.  "Revised Human Health Risk Assessment and Calculation of Site-Specific Goals for Lots 1, 2, and 3.  Campus Bay Site, Richmond, California."  April 30.

Terraphase.  2012.  "Response to Department of Toxic Substances Control Comments Regarding the 'Revised TCE Risk Evaluation.' Campus Bay Site, Richmond, California."  July 19.

Tetra Tech.  2008c.  “Implementation Summary Report for a Time-Critical Removal Action at the Forest Products Laboratory Wood Treatment Laboratory.”  March 14.  

Tetra Tech. 2008d. “Current Conditions Report, University of California, Berkeley, Richmond Field Station, Richmond California.” November 21.

Tetra Tech.  2013.  "Draft Site Characterization Report, Proposed Richmond Bay Campus, University of California, Berkeley, Richmond Field Station, Richmond, California." January 9.

URS.  2003b.  “Implementation Report, Phase 1 Subunit 2A, Meade Street Operable Unit, University of California, Berkeley, Richmond Field Station.”  September 4.

URS.  2004.  “Implementation Report, Phase 2 Subunit 2A and 2B, Meade Street Operable Unit, University of California, Berkeley, Richmond Field Station.”  December 3.

URS.  2005.  “Implementation Report, Phase 3 Upland Portion of Subunit 2B, Meade Street Operable Unit, University of California, Berkeley, Richmond Field Station.”  June 16.
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Table 3:  Recommended Soil Sampling Density and Analysis for Sampling Design 

SMP Area 1 Sampling Density 2
As, Hg, Pb, 

PCBs, PAHs TPH Dioxins Explosives VOCs
1 Low X -- -- -- --
2 High X -- -- -- --
3 High X -- -- -- --
4 High X -- -- -- X
5 High X -- -- -- X
6 High X -- X -- X
7 High X -- -- -- --
8 Medium X -- -- -- --
9 High X -- -- -- --

10 High X -- -- -- X
11 High X -- -- -- --
12 High X -- -- X --
13 Low X -- -- -- --
14 Low X -- -- -- --
15 Medium X -- -- -- X
16 Low X -- -- -- --
17 Low X -- -- -- --
18 Low X -- -- -- --
19 High X -- -- X --
20 Medium X X -- -- --
21 Medium X 4 -- -- -- X
22 Low X 4 -- -- -- --
23 Low X -- -- -- --
24 Low X -- -- -- --
25 Low X -- -- -- --

Notes:
1 See Figure 6 for location of SMP Areas. 

2 Low, medium, and high sampling densities correspond to those defined in Section 4.1 of the SMP.

Low = 1 sample location per 15,625 square feet of project area (125 foot grid spacing) 

Medium = 1 sample location per 10,000 square feet of project area (100 foot grid spacing) 

High = 1 sample location per 5,625 square feet of project area (75 foot grid spacing) 

3 Existing sample results will be evaluated when selecting analytes at each sampling location.

4

Acronyms:

-- None/not applicable PCB Polychlorinated biphenyl

As Arsenic RBC Risk-based concentration

FPL WTP Forest Products Products Laboratory Wood Treatment Laboratory SMP Soil management plan

Hg Mercury TPH Total petroleum hydrocarbons

PAH Polycyclic aromatic hydrocarbons VOC Volatile organic compounds

Pb Lead

Recommended Analytes 3

Soil containing concentrations of arsenic in this SMP Area exceeding commercial RBCs may be associated with the FPL WTL and should 
be considered for off-site disposal. 
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Exhibit C1, Soil Management Plan 1 
RAW, Richmond Bay Campus  

Richmond Bay Campus 
 

Soil Management Plan 
Project Approval Checklist 

University of California 
 

SMP FORM A:  PROJECT OVERVIEW 
Revision Number and 
Date: 

 

 

1. Project Name:  

 

2. Description:  

 

 

 

 

 

 

Attach figure identifying project location 
3. Points of Contact: Name:                                                                Position: 

 

Email:                                                                Phone: 

 

4. Estimated Schedule:  

 

 

5. DTSC Work Notice Requirements  Yes    No    If Yes, notify DTSC 14 days prior to activity 

6. Impacts to Piezometer Network Yes    No    
Piezometer ID: 

If Yes, notify DTSC 

7. SMP Form A Approval 

a. Greg Haet, Project Coordinator, 
EH&S   

  

  (Signature, Date) 

b. Scott Shackleton, Facilities  
Management, UCB, College of 
Engineering 

  

(Signature, Date)  

c. Professional Civil Engineer or 
Geologist 

  

(Name, Signature, Date, Stamp)  
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SMP FORM B:  SAMPLING, DATA EVALUATION, SOIL MANAGEMENT ACTION 

Project Name:  _____________________________________________ 

EH&S Point of Contact:  _____________________________________ 

1. Sampling Design 

a. SMP Areas Affected Consult SMP Figure 6 

b. Sampling Density Consult SMP Figure 6 

c. Chemicals of Concern Consult SMP Tables 1 and 2, and the most current groundwater report 

 

d. Sampling Depth Consult SMP Section 4.1 

e. Sampling Intervals Consult SMP Section 4.1 

f. Project is within area of GW 

above screening criteria 

Yes   No   Consult SMP Table 1 

If Yes, consult RAW, notify DTSC 

g. Sampling design meets all SMP 

requirements 

Yes   No    

If No, notify DTSC 

2. Data Evaluation (Post-Sampling) 

a. Sampling Design Implemented Yes   No    

If No, describe deviations: 

 

b. Sample Results Meet Category I Yes   No   Consult SMP Table 3 

If Yes, submit summary report with SMP Form B 

If sample results indicate unanticipated contamination or discovery, notify 

DTSC 

c. Soil Exceeding Category I is 

Defined Vertically and Laterally 

Yes   No   NA   

If No, consult sampling requirements or defer to excavation confirmation 

sampling 

d. Soil Meets Category II Criteria Yes   No   NA   

Soil proposed for on-site management requires plan 

Soil above Category II criteria requires excavation plan 

3. Soil Management Action 

a. On-Site Management Plan 

Meets SMP Requirements 

Yes   No   Consult SMP Section 4.3 

If No, provide explanation or contact DTSC: 

 

b. Excavation Plan Meets SMP 

Requirements 

Yes   No   Consult SMP Section 4.3 

If No, provide explanation or contact DTSC: 

 

4. SMP Form B Approval 

a. Greg Haet, Project Coordinator, 
EH&S   

  

(Signature, Date) 
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SMP FORM B:  SAMPLING, DATA EVALUATION, SOIL MANAGEMENT ACTION 

Project Name:  _____________________________________________ 

EH&S Point of Contact:  _____________________________________ 

b. Scott Shackleton, Facilities  
Management, UCB, College of 
Engineering 

  

(Signature, Date)  

c. Professional Civil Engineer or 
Geologist 

  

(Name, Signature, Date, Stamp)  

 



 

Exhibit C1, Soil Management Plan 4 
RAW, Richmond Bay Campus  

SMP FORM C:  COMPLETION REPORT 
Project Name: ______________________________________________ 
EH&S Point of Contact: _______________________________________ 

 
1. Summary of 
Completed 
Construction Project 

 

 

 

 

 

 

 

2. Summary of 
Completed Soil 
Management Actions 

 

 

 

 

 

 

 

3. On-Site Management 
Plan Implemented 

Yes   No   NA   

If No, describe deviations: 

 

 

  

4. Soil Excavation Plan 
Implemented 

Yes   No   NA   

If No, describe deviations: 

 

 

5. Project Completion 
Report Meets SMP 
Requirements 

Yes   No    

If Yes, attach Completion Report 

If No, contact DTSC  

6. SMP Form C Approval 
a. Greg Haet, Project Coordinator, 
EH&S   

  

(Signature, Date) 

b. Scott Shackleton, Facilities  
Management, UCB, College of 
Engineering 

  

(Signature, Date)  

c. Professional Civil Engineer or 
Geologist 

  

(Name, Signature, Date, Stamp)  
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ACRONYMS AND ABBREVIATIONS 

µg/kg Micrograms per kilogram 

CAS Chemical Abstracts Service 
CCC California Cap Company 
CHSSL California Human Health Screening Levels 
COC Chemical of concern 
CPT Cone penetrometer 

DTSC Department of Toxic Substances Control 

EH&S Environmental Health & Safety 
EPA Environmental Protection Agency 

IDW Investigation-derived waste 

LCD Laboratory control sample 
LRDP Long Range Development Plan 

mg/kg Milligram per kilogram 
MS Matrix spike 
MSD Matrix spike duplicate 

ng/kg Nanograms per kilogram 

PAH Polycyclic aromatic hydrocarbons 
PARCC Precision, accuracy, representativeness, completeness, and comparability 
PCB Polychlorinated biphenyl 

QA Quality assurance 
QC Quality control 

RAW Remedial action work plan 
RES Research, Education, and Support 
RFS Richmond Field Station 
RPD Relative percent difference 

SAP Sampling and analysis plan 
SMP Soil Management Plan 

Tetra Tech Tetra Tech EM Inc. (1996-2012):  currently Tetra Tech, Inc.  
TPH Total petroleum hydrocarbons 

UC University of California 
UC Berkeley University of California, Berkeley 

VOC Volatile organic compound 
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EXECUTIVE SUMMARY 

This sampling and analysis plan (SAP) is one element of the Soil Management Plan (SMP) for 
the Richmond Bay Campus. The SMP is an appendix to the Removal Action Workplan, but is 
also intended to serve as a stand-alone document to guide management of future environmental 
actions conducted at the “Research, Education, and Support” (RES) Area of the Richmond Bay 
Campus. The SMP establishes management requirements for areas at Richmond Bay Campus to 
ensure that soil disturbance activities do not adversely impact human health or the environment 
and that the soils are handled, stored and disposed of, or reused onsite in accordance with 
applicable laws, regulations, and University of California policies. The SAP addresses the 
quality assurance (QA) and quality control (QC) aspects of the field, laboratory, and data 
reporting efforts associated with the proposed activates to address the data gaps. The success of 
an environmental data collection effort depends on the quality of the data collected and used to 
make decisions. The intent of this SAP is to establish protocols for assuring quality data 
collection and criteria for determining the quality of resultant data. 

• Section 1.0 – Project Description: This section gives a brief overview of the history 
of the site, a description of the current conditions at the Richmond Bay Campus. For 
more information about past or current conditions at the site, please refer to the Site 
Characterization Report, Proposed Richmond Bay Campus, Richmond, California 
(Tetra Tech EM Inc. (1996-2012): currently Tetra Tech, Inc. 2013). The second 
subsection describes the project objective, and the third contains a table summarizing 
roles and responsibilities of Environmental Health & Safety decision makers. 

• Section 2.0 – Sampling Design: This section outlines the sampling evaluation 
process and sampling plan requirements for sampling projects within the RES Area.  

• Section 3.0 – Sampling Procedures: This section presents specific procedures for 
various soil sampling methods.  

- Subsection 3.1 – Hand Auger: This subsection describes procedures for soil 
sample collection using a hand auger.  

- Subsection 3.2 – Drilling Methods: This subsection provides describes procedures 
for soil sample collection using drilling methods.  

• Section 4.0 – Analytical Procedures: Section 4.0 describes the laboratory methods 
that may be used at the RES area for measurements and analysis. These methods are 
the same as those approved by the Environmental Protection Agency (EPA) unless 
otherwise documented. 

- Subsection 4.1 – Laboratory Methods: This subsection provides a summary of the 
EPA-approved laboratory analytical methods that will be used for the analysis of 
Richmond Bay Campus samples.  

- Subsection 4.2 – Quantitation Limits: Analytical laboratories will be required to 
ensure that quantitation limits are sufficiently low to allow comparison to the 
risk based concentration screening criteria.  

- Subsection 4.3 – Laboratory Selection: This subsection presents the criteria to be 
considered when evaluating contract laboratories. 
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• Section 5.0 – Quality Assurance Objectives: Section 5.0 defines the specific QA 
and QC activities that will be applied to ensure that the environmental data collected 
are of the type and quality needed.  

- Subsection 5.1 – Data Quality Objective Process: This subsection describes the 
overall QA objective for collecting data that will provide results that are usable 
for their intended purpose. 

- Subsection 5.2 – Quality Assurance Objectives for Measurement Data: This 
subsection addresses the level of QC effort and objectives for sensitivity; 
accuracy and precision; and representativeness, completeness, and comparability 
of data. 

- Subsection 5.3 – Field Quality Control Samples: This subsection indicates the 
quality control samples that will be collected and analyzed for this project. 

• Section 6.0 – Sample Custody: This section describes sample handling procedures 
including sample identification, labeling, documentation, and chain-of-custody forms. 
It also discusses proper practices for packing and shipping samples to laboratories. 
Equipment decontamination and management of investigation derived waste are also 
briefly described. 

• Section 7.0 – Data Reduction, Validation, and Reporting: This section describes 
the methods used for verifying and validating data in the field, laboratory, and office.  

• Section 8.0 – Data Assessment Procedures: This section describes the evaluation of 
the data to determine whether data objectives have been met.   

• Section 9.0 – References: This section lists site reports, scientific reference 
materials, and regulatory guidance and standards cited throughout the document. 
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1.0  INTRODUCTION 

This Sampling and Analysis Plan (SAP) is one element of the Soil Management Plan (SMP), 
which is intended to guide management of future environmental actions conducted at the 
Research, Education, and Support (RES) Area of the Richmond Bay Campus. The SAP 
addresses the quality assurance and quality control aspects of the field, laboratory, and data 
reporting efforts associated with the future proposed construction activities. The success of an 
environmental data collection effort depends on the quality of the data collected and used to 
make decisions. The intent of this SAP is to establish protocols for assuring quality data 
collection and criteria for determining the quality of resultant data. 

1.1  BACKGROUND 

The former Richmond Field Station (RFS) is an academic teaching and research facility, located 
at 1301 South 46th Street, Richmond, California, along the eastern shoreline of the Richmond 
Inner Harbor of the San Francisco Bay and northwest of Point Isabel, approximately 6 miles 
northwest of the University of California (UC) Berkeley Central Campus. The SMP and SAP 
focus on the portions of the former RFS which the proposed Richmond Bay Campus designates 
as developable under the Long Range Development Plan (LRDP), identified as the RES Area. 
The RES Area consists of 82.5 acres within the former RFS. The RES Area occupies portions of 
the upland area and Transition Area. The proposed LRDP also designates a portion of the 
Richmond Bay Campus preserved as Natural Open Space Area (26.5 acres). This Natural Open 
Space Area is not a part of the SMP. 

Between the 1880s and 1948 and prior to UC ownership, the California Cap Company (CCC) 
operated facilities on portions of the RFS property for the manufacturing of blasting caps, shells, 
and explosives. Two small companies, the U.S. Briquette Company and the Pacific Cartridge 
Company, are presumed to have operated on a portion of the RFS property. By 1920, the CCC 
was the only remaining explosives manufacturer on site.  

In October 1950, the CCC property was purchased by UC with the agreement that the CCC 
would remove all hazardous materials from the property. However, subsequent site observations 
and testing revealed the presence of hazardous materials on RFS. For example, several 
explosions reportedly occurred between 1950 and 1953 during a controlled burn for clearing. 
These explosions likely were associated with residual chemicals used by the CCC. Previous 
investigations in the test pit and explosive storage area found a single detection of explosives at a 
concentration close to the detection limit (URS Corporation 2000). 

The former RFS was initially established by UC Berkeley for large-scale engineering research 
that required significant space and resources that were not available on UC Berkeley’s central 
campus in downtown Berkeley. In addition to UC Berkeley-related operations, the UC Regents 
have leased space to non-UC Berkeley tenants. Complete environmental site conditions are 
presented in the Draft Site Characterization Report for the Proposed Richmond Bay Campus 
(Tetra Tech EM Inc. (1996-2012): currently Tetra Tech, Inc. [Tetra Tech] 2013).  
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1.2  PROJECT OBJECTIVE 

The SMP provides a systematic process intended to ensure that future projects in the RES area 
impacting subsurface soils will not result in uncontrolled exposures to unknown or unidentified 
contaminants. The SMP prescribes protocols for Department of Toxic Substances Control 
(DTSC) notification; soil sampling, data analyses, soil management or disposal practices; and 
final reporting. DTSC notification is conducted through the submittal of SMP checklist forms 
throughout the process. Soil sampling is based on prescribed sampling frequency, depths, and 
chemicals of concern which are determined based on the size and location of the project. Soil 
management and disposal practices are based on comparison of soil sample results to screening 
criteria, and final reporting is conducted through submittal of a completion report once the 
project has been completed. 

All soil disturbance activities within the RES Area require Office of Environment, Health & 
Safety (EH&S) notification. This notification will be provided in the form of a three-part Project 
Approval Checklist (SMP Forms A, B and C). This SAP establishes protocols for assuring 
quality data collection and criteria for determining the quality of resultant data in support of SMP 
Form B, Sampling Design, Data Evaluation, and Soil Management.  

1.3  PROJECT ORGANIZATION AND RESPONSIBILITIES 

The roles and responsibilities of the Richmond Bay Campus project team members with respect 
to sampling and analysis are provided in Table C2-1. Principal decision makers are further 
defined in the accompanying SMP.  
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TABLE C2-1: KEY PERSONNEL 

Organization Role Responsibilities 

UC, EH&S Project 
Coordinator 

Directs environmental health and safety compliance of the SMP. Receives notices, comments, approvals, 
and related communications from DTSC. Reports to and interacts with the DTSC for all SMP tasks. 
Signatory to SMP Forms A, B, C. 

UC, EH&S Project Geologist Reviews all documents for technical accuracy. 

DTSC Remedial Project 
Manager 

Reviews environmental health and safety compliance of the SMP. Signatory to 5-year remedial action work 
plan (RAW) review process including updated SMP, if appropriate. Receives notices, comments, and 
related communications from UC. Interacts with UC for all SMP tasks. Reviews all submittals and 
notifications to DTSC for quality and completeness. 

Project-by-Project 
Basis 

Field team 
Leader 

Responsible for directing day-to-day field activities conducted by subcontractor personnel. Verifies that 
field sampling and measurement procedures follow the sampling planning document. Provides project 
manager with regular reports on status of field activities. 

Laboratory Project  
Manager 

Responsible for delivering analytical services that meet requirements of SAP. Reviews chains of custody to 
understand analytical requirements. Works with project chemist to confirm sample delivery schedules. 
Reviews laboratory data package before submittal. 
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2.0  SAMPLING DESIGN 

This section outlines the sampling evaluation process and sampling plan requirements for 
sampling projects within the RES Area. Based on knowledge of the location and depth of the 
proposed soil disturbance activity, identify the soil sampling and analysis needed to evaluate the 
soil within the footprint of the proposed project. Projects which are not exempted from sampling, 
as discussed in Section 3.4 of the SMP, require collection, analysis and evaluation of additional 
soil chemical data in order to determine the appropriate soil management decision and action. 
EH&S must approve the sampling design (Form B) prior to implementation.  

General  

Sampling Design will be project-specific, depending on the geographical location, size, and 
depth of soil to be disturbed by the proposed project. As a first step, identify the SMP Area(s) 
(see SMP Figure 6 and Table 2) corresponding to the proposed project area. The minimum soil 
sample location density and chemicals of concern (COC) for each of the 25 SMP Areas are listed 
in Table 3 of the SMP.  

Soil Sampling Methodology  

Soil samples should be collected in accordance with the methods found in Section 6.0 of this 
SAP. 

Analytical Requirements  

Analytical requirements for soil are summarized on Table 3 of the SMP and will vary depending 
on the location of the project within the RES Area. Soil samples should be analyzed in 
accordance with the methods designated in Table C2-2.  

Design Documentation  

Sampling Design must be documented with sufficient detail for reviewer to (1) understand the 
project geographical area within the RES Area and depths of proposed soil disturbance, 
including project figure; (2) to check that the proposed sampling locations, depths and analysis 
meet the requirements of the SMP; and (3) the Sampling Design adequately takes into account 
known conditions within the project area, such as presence of existing buildings, remediated 
areas, or prior soil sample data. Section 4.1 of the SMP details the Sample Design process. The 
Sampling Design shall be approved by EH&S on Form B of Checklist prior to embarking on the 
field sampling effort.  
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3.0  SAMPLING PROCEDURES 

The following sections describe methods for collecting soil samples. Samples will be collected 
for analysis of volatile organic compounds (VOC) and total petroleum hydrocarbons (TPH)-
gasoline using an EnCore sampler. For all other analytical parameters, samples will be collected 
in sleeves or jars (Table C2-2).  

3.1  HAND AUGER 

A hand auger equipped with extensions and a “T” handle is used to obtain samples from a depth 
of up to 6 feet. If necessary, a shovel may be used to excavate the topsoil to reach the desired 
subsoil level. If topsoil is removed, its thickness should be recorded. Samples obtained using a 
hand auger are disturbed in their collection, so that determining the exact depth at which samples 
are obtained is difficult. The hand auger is screwed into the soil at an angle of 45 to 90 degrees 
from horizontal. When the entire auger blade has penetrated soil, the auger is removed from the 
soil by lifting it straight up without turning it, if possible. If the desired sampling depth has not 
been reached, the soil is removed from the auger and deposited onto plastic sheeting. This 
procedure is repeated until the desired depth is reached and the soil sample is obtained. The 
auger is then removed from the boring, and the soil sample is collected directly from the auger 
into an appropriate sample container. 

All soil samples collected from less than 5 feet will be collected through hand auger equipment 
to ensure safety from unidentified utility lines. 

3.2  DRILLING METHODS 

Primary drilling methods expected to be of potential use at the Richmond Bay Campus site 
include traditional auger drilling, direct-push methods, and potentially some type of small sonic 
drilling tools. Because of the proximity of the site to buildings and workers, the preferred 
methods will generally be direct-push methods because they are agile and create less of a 
disturbance, and are mobile and can be moved easily and quickly based on field sampling results.  

3.2.1  Direct Push 

Direct-push platforms have gained widespread acceptance in the environmental industry over the 
past decade because of their versatility, relatively low cost, and mobility. Using the weight of the 
truck in combination with a hydraulic ram or hammer, a tool string is pushed into the ground. All 
borehole locations must be advanced by hand auger equipment up to 5 feet before use of direct 
push techniques.  

The two major classes of direct-push platforms are cone penetrometer (CPT) and percussion 
hammer systems. The distinction between these units is that CPT units advance the tool string by 
applying a hydraulic ram against the weight or mass of the vehicle alone, while percussion 
hammer units add a hammer to the hydraulic ram to compensate for their lower mass. These 
platforms share the same principle of operation, similar tools, and a number of advantages and 
limitations. They differ in scale, application, and to some extent the types of instruments and 
tools that have been developed for each. For these reasons, CPT and percussion hammer 
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platforms fill different niches in the environmental field. CPT rigs can generally push to greater 
depths and push larger-diameter rods; they allow sampling from depths that are inaccessible 
using percussion hammer rigs. Percussion hammer rigs are generally smaller, more portable, and 
require less training to use; they allow samples to be collected from places, including inside of 
buildings that are inaccessible to a CPT rig. Although they are sometimes limited in the depths to 
which they can penetrate, some of the smaller percussion hammer units as well as smaller CPT 
rigs can be anchored to the ground using earth augers to add to the reaction mass of the vehicle 
alone. 

Because of their methods of operation, direct-push systems provide some unique advantages 
when collecting soil and soil-gas samples. In particular, direct-push systems are quicker and 
more mobile than traditional drill rigs. Sampling and data collection are faster, reducing the time 
needed to complete an investigation and increasing the number of sample points that can be 
collected during the investigation. Soil sampling systems have been developed in response to a 
need to collect samples of unconsolidated material from a range of depths, without generating 
large volumes of cuttings. Direct-push soil samplers also allow investigators to collect soil 
samples from a specific depth, with minimal disturbance to soil stratigraphy.  

3.2.2  Hollow-Stem Auger 

Hollow-stem augers are readily available and are recommended for penetrating unconsolidated 
materials when direct-push applications are not appropriate. Auger rigs are light and 
maneuverable. Each section or flight is typically 5 feet in length. A head is attached to the first 
flight, and cuttings are rotated to the surface as the borehole is advanced. A pilot bit (or center 
bit) can be held at the base of the first flight with drill rods to prevent cuttings from entering. 
When the bit is removed, formation samples can be obtained through the auger using split-spoon 
or thin-wall samplers.  

3.3  OTHER 

If a construction footprint at the RBC site includes an existing monitoring well, it will be 
necessary to move the well and collect a groundwater sample from the new well. For 
groundwater well installation and sampling, refer to Appendix A of the Field Sampling 
Workplan (Tetra Tech 2010). 
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4.0  ANALYTICAL PROCEDURES 

The following sections the analytical methods and laboratory selection criteria for samples 
collected for the RES area. 

4.1  ANALYTICAL METHODS 

The COCs in the RES area are metals, polycyclic aromatic hydrocarbons (PAH), and 
polychlorinated biphenyls (PCB). In addition, VOCs, TPH, and dioxins may need to be 
investigated. SMP Form B will indicate the appropriate analyses for each investigation. 
Table C2-2 specifies the analytical methods, maximum holding time, sample containers, and 
preservation for the possible chemicals to be investigated in the RES area.  

4.2  QUANTITATION LIMITS  

To ensure risk based screening criteria are met, analytical laboratories will be required to ensure 
quantitation limits are sufficiently low to allow comparison to the screening criteria. Table C2-3 
lists the chemical, risk based concentration screening criteria, and required laboratory 
quantitation limit. If the laboratory reporting limit for a given chemical is not sufficiently low to 
allow comparison to the risk based screening criteria, a further discussion of that chemical with 
DTSC is required, or alternative methods should be pursued.  
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TABLE C2-2: ANALYTICAL REQUIREMENTS TABLE 

Matrix Analytical Group Analytical Method  Containers Sample Volume 
Preservation 

Requirements 

Maximum Holding 
Time 

(preparation / 
analysis) 

All RES areas 
Soil Metals SW-846 EPA 6010/7471 

8 ounce glass jar 
or sleeve 

5 grams Cool, 4+/- 2˚C 180 days  
(28 days mercury) 

Soil PAHs SW-846 EPA 8270-SIM 30 grams Cool, 4+/- 2˚C 14 days/40 days 

Soil PCBs SW-846 EPA 8082 30 grams Cool, 4+/- 2˚C 14 days/40 days 

Potential analyses  

Soil VOCs SW-846 EPA 5035/8260  EnCore sampler 5 grams Cool, 4 °C ± 2 48 hours to preserve/14 
days 

Soil Dioxins SW-846 EPA 8280 4 ounce glass jar  
or sleeve 

30 grams Cool, 4 °C ± 2 30 days 

Soil TPH-purgeables SW-846 EPA 5035/8015  EnCore sampler 5 grams Cool, 4 °C ± 2 48 hours to preserve/14 
days 

Soil TPH-extractables SW-846 8015 4 ounce glass jar  
or sleeve 

30 grams Cool, 4 °C ± 2 14 days/40 days 

Notes: 
EPA Environmental Protection Agency 



 

Exhibit C2, RAW, Richmond Bay Campus C2-9 November 25, 2013 

TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA  
Total Metals (EPA 6010/7471) 

Chemical CAS Number 

Risk Based 
Concentration 

Screening Criteria 
(mg/kg) 

Required Laboratory 
Quantitation Limit 

(mg/kg) 
MS/MSD 

%Recovery 

MS/MSD 
Relative 
Percent 

Difference 

Laboratory 
Control Sample 

%Recovery 

Duplicate 
Relative Percent 

Difference 
Aluminum 7429-90-5 75,000 35,000 75 - 125 20 85 - 115 20 

Antimony 7440-36-0 30.4 15 75 - 125 20 85 - 115 20 

Arsenic 7440-38-2 16.01 10 75 - 125 20 85 - 115 20 

Barium 7440-39-3 14,900 7,500 75 - 125 20 85 - 115 20 

Beryllium 7440-41-7 150 75 75 - 125 20 85 - 115 20 

Cadmium 7440-43-9 77.8 35 75 - 125 20 85 - 115 20 

Chromium 7440-47-3 100,000 50,000 75 - 125 20 85 - 115 20 

Cobalt 7440-48-4 22.7 11 75 - 125 20 85 - 115 20 

Copper 7440-50-8 3,040 1,500 75 - 125 20 85 - 115 20 

Iron 7439-89-6 53,200 27,000 75 - 125 20 85 - 115 20 

Lead 7439-92-1 80 40 75 - 125 20 85 - 115 20 

Mercury 7439-97-6 22.8 11 80 - 120 20 85 - 115 20 

Manganese 7439-96-5 1,780 900 75 - 125 20 85 - 115 20 

Molybdenum 7439-98-7 380 190 75 - 125 20 85 - 115 20 

Nickel 7440-02-0 1,410 700 75 - 125 20 85 - 115 20 

Selenium 7782-49-2 380 190 75 - 125 20 85 - 115 20 

Silver 7440-22-4 380 190 75 - 125 20 85 - 115 20 

Thallium 7440-28-0 0.76 0.50 75 - 125 20 85 - 115 20 

Vanadium 7440-62-2 380 190 75 - 125 20 85 - 115 20 

Zinc 7440-66-6 22,800 11,000 75 - 125 20 85 - 115 20 

Notes: 
1 Background 
CAS Chemical Abstracts Service 
mg/kg Milligram per kilogram 
MS Matrix spike 
MSD Matrix spike duplicate 
QC Quality control 
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Polycyclic Aromatic Hydrocarbons (EPA 8270-SIM)  

Chemical CAS Number 

Risk Based 
Concentration 

Screening 
Criteria 
(mg/kg) 

Required 
Laboratory 

Quantitation 
Limit 

(mg/kg) 
MS/MS 

% Recovery 

MS/MSD 
Relative Percent 

Difference 

Laboratory 
Control Sample 

% Recovery 
Surrogate 

% Recovery 
Naphthalene 91-20-3 3.57 1.8 45 - 115 40 50 - 115 - 

Acenaphthene 83-32-9 3,270 1,600 45 - 115 40 50 - 115 - 

Acenaphthylene 208-96-8 3,270 1,600 45 - 115 40 50 - 115 - 

Fluorene 86-73-7 80 40 45 - 115 40 50 - 115 - 

Phenanthrene 85-01-8 2,180 1,100 45 - 115 40 50 - 115 - 

Anthracene 120-12-7 16,400 8,200 45 - 115 40 50 - 115 - 

Fluoranthene 206-44-0 2,180 1,100 45 - 115 40 50 - 115 - 

Pyrene 129-00-0 1,640 820 45 - 115 40 50 - 115 - 

Benzo(a)anthracene 56-55-3 0.0854 0.04 45 - 115 40 50 - 115 - 

Chrysene 218-01-9 0.854 0.40 45 - 115 40 50 - 115 - 

Benzo(b)fluoranthene 205-99-2 0.0854 0.04 45 - 115 40 50 - 115 - 

Benzo(k)fluoranthene 207-08-9 0.0854 0.04 45 - 115 40 50 - 115 - 

Benzo(a)pyrene 50-32-8 0.014 0.007 45 - 115 40 50 - 115 - 

Indeno(1,2,3-cd)pyrene 193-39-5 0.0854 0.04 45 - 115 40 50 - 115 - 

Dibenzo(a,h)anthracene 53-70-3 0.059 0.03 45 - 115 40 50 - 115 - 

Benzo(g,h,i)perylene 191-24-2 1,640 820 45 - 115 40 50 - 115 - 

1-Methylnaphthalene 90-12-0 14.8 7.4 45 - 115 40 50 - 115 - 

2-Methylnaphthalene 91-57-6 218 110 45 - 115 40 50 - 115 - 

2-Fluorobiphenyl - - - - - - 50 – 110 

Terphenyl-d14 - - - - - - 50 – 135 
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Polycyclic Aromatic Hydrocarbons (EPA 8270-SIM) (Continued)  

Chemical CAS Number 

Risk Based 
Concentration 

Screening 
Criteria 
(mg/kg) 

Required 
Laboratory 

Quantitation 
Limit 

(mg/kg) 
MS/MSD 

% Recovery 

MS/MSD 
Relative Percent 

Difference 

Laboratory 
Control Sample 

% Recovery 
Surrogate 

% Recovery 

2,4,6,-Tribomophenol - - - - - - 40 – 125 

2-Fluorophenol - - - - - - 20 – 110 

Nitrobenzene-d5 - - - - - - 40 - 110 



 

Exhibit C2, RAW, Richmond Bay Campus C2-12 November 25, 2013 

TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Polychlorinated Biphenyls (EPA 8082) 

 
Analyte 

 
CAS Number 

Risk Based 
Concentration 

Screening 
Criteria 
(mg/kg) 

Required 
Laboratory 

Quantitation 
Limit 

(mg/kg) 
MS/MSD 

% Recovery 

MS/MSD 
Relative Percent 

Difference 

Laboratory 
Control Sample 

% Recovery 
Surrogate 

% Recovery 
PCB-1242 53469-21-9 0.215 0.10 60 - 130 30 60 - 130 60 - 125 

PCB-1248 12672-29-6 0.215 0.10 60 - 130 30 60 - 130 60 - 125 
PCB-1254 11097-69-1 0.215 0.10 60 - 130 30 60 - 130 60 - 125 
PCB-1260 11096-82-5 0.215 0.10 60 - 130 30 60 - 130 60 - 125 
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Volatile Organic Compounds (EPA 8260B) 

Chemical CAS Number 

Risk Based 
Concentration 

Screening 
Criteria 
(mg/kg) 

Required 
Laboratory 

Quantitation 
Limit 

(mg/kg) 
MS/MSD 

% Recovery 

MS/MSD 
Relative 

Percent Difference 

Laboratory 
Control 
Sample 

% Recovery 
Surrogate 

% Recovery 
1,1,1-Trichloroethane 71-55-6 - - 65 – 130 40  70 - 125 - 

1,1,1,2-Tetrachloroethane 630-20-6 - - 65 - 130 40 70 - 125 - 

1,1,2,2-Tetrachloroethane 79-34-5 - - 65 – 130 40  70 - 125 - 

1,1,2-Trichloroethane 79-00-5 - - 65 - 130 40 70 - 125 - 

1,2,3-Trichloropropane 96-18-4 - - 65 – 130 40  70 - 125 - 

1,1-Dichloroethane 75-34-3 - - 65 - 130 40 70 - 125 - 

1,1-Dichloroethene 75-35-4 - - 65 – 130 40  70 - 125 - 

1,2-Dibromo-3-
chloropropane 96-12-8 

- - 
65 - 130 

40 
70 - 125 

- 

1,2-Dibromoethane 106-93-4 - - 65 – 130 40  70 - 125 - 

1,2-Dichloroethane 107-06-2 - - 65 - 130 40 70 - 125 - 

1,2-Dichloropropane 78-87-5 0.924 0.46 65 – 130 40  70 - 125 - 

2-Butanone 78-93-3 - - 65 - 130 40 70 - 125 - 

2-Hexanone 591-78-6 - - 65 – 130 40  70 - 125 - 

Acetone 
67-64-1 48,900 24,000 65 - 130 

40 
70 - 125 

- 

Benzene 71-43-2 0.30 0.15 65 – 130 40  70 - 125 - 

Bromodichloromethane 75-27-4 - - 65 - 130 40 70 - 125 - 

Bromoform 75-25-2 - - 65 – 130 40  70 - 125 - 

Bromomethane 74-83-9 - - 65 - 130 40 70 - 125 - 

Carbon disulfide 75-15-0 - - 65 – 130 40  70 - 125 - 

Carbon tetrachloride 56-23-5 - - 65 - 130 40 70 - 125 - 
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Volatile Organic Compounds (EPA 8260B) (Continued) 

Chemical CAS Number 

Risk Based 
Concentration 

Screening 
Criteria 
(mg/kg) 

Required 
Laboratory 

Quantitation 
Limit 

(mg/kg) 
MS/MSD 

% Recovery 

MS/MSD 
Relative 

Percent Difference 

Laboratory 
Control 
Sample 

% Recovery 
Surrogate 

% Recovery 
Chlorobenzene 108-90-7 - - 65 – 130 40  70 - 125 - 

Chloroethane 75-00-3 - - 65 - 130 40 70 - 125 - 

Chloroform 67-66-3 - - 65 – 130 40  70 - 125 - 

Chloromethane 74-87-3 - - 65 - 130 40 70 - 125 - 

cis-1,2-Dichloroethene 156-59-2 - - 65 – 130 40  70 - 125 - 

cis-1,3-Dichloropropene 10061-01-5 - - 65 - 130 40 70 - 125 - 

Dibromochloromethane 124-48-1 - - 65 – 130 40  70 - 125 - 

Dibromomethane 74-95-3 - - 65 - 130 40 70 - 125 - 

Dichlorodifluoromethane 75-71-8 - - 65 – 130 40  70 - 125 - 

Ethylbenzene 100-41-4 5.23 2.5 65 - 130 40 70 - 125 - 

Methylene chloride 75-09-2 - - 65 – 130 40  70 - 125 - 

Methyl tert-Butyl Ether 1634-04-4 - - 65 - 130 40 70 - 125 - 

Tetrachloroethene 127-18-4 - - 65 – 130 40  70 - 125 - 

Toluene 108-88-3 1,110 550 65 - 130 40 70 - 125 - 

trans-1,2-Dichloroethene 156-60-5 - - 65 – 130 40  70 - 125 - 

trans-1,3-Dichloropropene 10061-02-6 - - 65 - 130 40 70 - 125 - 

Trichloroethene 79-01-6 0.884 0.44 65 – 130 40  70 - 125 - 

Trichlorofluoromethane 75-69-4 - - 65 - 130 40 70 - 125 - 

Vinyl chloride 75-01-4 - - 65 – 130 40  70 - 125 - 

o-Xylenes 95-47-6 684 340 65 - 130 40 70 - 125 - 

m/p-Xylenes 6777-61-2 585 300 65 – 130 40  70 - 125 - 

1,2-Dichlorethane-d4 - - - - - - 70 – 120 
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Volatile Organic Compounds (EPA 8260B) (Continued) 

Chemical CAS Number 

Risk Based 
Concentration 

Screening 
Criteria 
(mg/kg) 

Required 
Laboratory 

Quantitation 
Limit 

(mg/kg) 
MS/MSD 

% Recovery 

MS/MSD 
Relative 

Percent Difference 

Laboratory 
Control 
Sample 

% Recovery 
Surrogate 

% Recovery 
4-Bromofluorobenzene - - - - - - 75 – 120  

Dibromofluoromethane - - - - - - 85 – 115 

Toluene-d8 - - - - - - 85 - 120 
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Total Petroleum Hydrocarbons (EPA 8015) 

Chemical CAS Number 

Environmental 
Screening Level 

(mg/kg) 

Required 
Laboratory 

Quantitation Limit 

(mg/kg) 
MS/MSD 

%Recovery 

MS/MSD 
Relative Percent 

Difference 

Laboratory 
Control Sample 

%Recovery 
Surrogate 

%Recovery 

TPH-puregeables 

Gasoline 86290-81-5 420 210 70 – 130 40 75 – 125 - 

Bromofluorobenzene - - - - - - 70 - 140 

TPH-extractables 

Diesel 
(C10-C24) 68334-30-5 500 250 65 – 140 40 75 – 125 - 

Motor Oil  
(C24-C36) NA 2,500 1,250 65 – 140 40 75 - 125 - 

Bromobenzene - - - - - - 50 - 150 

Hexacosane - - - - - - 50 - 150 

Source:  
California Regional Water Quality Control Board. 2013.  "February 2013 Update to Environmental Screening Levels.” February.  Available on-line at:  
http://www.waterboards.ca.gov/rwqcb2/water_issues/programs/esl.shtml 
 

http://www.waterboards.ca.gov/rwqcb2/water_issues/programs/esl.shtml
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Dioxins/Furans (EPA 8290) 

Chemical CAS Number 
Toxicity Equivalence 

Factor 

CHSSL 

(ng/kg) 

Required Laboratory 
Quantitation Limit 

(ng/kg) 

Laboratory Control 
Sample 

%Recovery 

Surrogate 

%Recovery 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)  1746-01-6 1.0 19 19 70 - 130 - 

1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD)  40321-76-4 1.0 - 19 70 - 130 - 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 39227-28-6 0.10 - 1.9 70 - 130 - 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD)  57653-85-7 0.10 - 1.9 70 - 130 - 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD)  19408-74-3 0.10 - 1.9 70 - 130 - 

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD)  35822-46-9 0.01 - 0.19 70 - 130 - 

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD)  3268-87-9 0.0003 - 0.0057 70 - 130 - 

2,3,7,8-Tetrachlorodibenzofuran (TCDF)  51207-31-9 0.10 - 1.9 70 - 130 - 

1,2,3,7,8-Pentachlorodibenzofuran (PeCDF)  57117-41-6 0.03 - 0.57 70 - 130 - 

2,3,4,7,8-Pentachlorodibenzofuran (PeCDF)  57117-31-4 0.30 - 5.7 70 - 130 - 

1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF)  70648-26-9 0.10 - 1.9 70 - 130 - 

1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF)  57117-44-9 0.10 - 1.9 70 - 130 - 

1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF)  72918-21-9 0.10 - 1.9 70 - 130 - 

2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF)  60851-34-5 0.10 - 1.9 70 - 130 - 

1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF)  67562-39-4 0.01 - 0.19 70 - 130 - 

1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF)  55673-89-7 0.01 - 0.19 70 - 130 - 

1,2,3,4,5,6,7,8-Octachlorodibenzofuran (OCDF)  39001-02-0 0.0003 - 0.0057 70 - 130 - 

Total Tetrachlorodibenzo-p-dioxin (TCDD)  41903-57-5 - - - - - 
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TABLE C2-3: REQUIRED LABORATORY QUANTITATION LIMITS AND QC CRITERIA (CONTINUED)  
Dioxins/Furans (EPA 8290) (Continued) 

Chemical CAS Number 
Toxicity Equivalence 

Factor 
CHSSL 
(ng/kg) 

Required Laboratory 
Quantitation Limit 

(ng/kg) 

Laboratory Control 
Sample 

%Recovery 
Surrogate 

%Recovery 

Total Pentachlorodibenzo-p-dioxin (PeCDD)  36088-22-9 - - - - - 

Total Hexachlorodibenzo-p-dioxin (HxCDD)  34465-46-8 - - - - - 

Total Heptachlorodibenzo-p-dioxin (HpCDD)  37871-00-4 - - - - - 

13C 2,3,7,8,-TCDF - - - - - 40 – 135 

37C 1,2,3,7,8-TCDD - - - - - 40 - 135 

Notes: 

CHSSL California Human Health Screening Levels 
ng/kg Nanograms per kilogram 
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4.3  SELECTION OF ANALYTICAL LABORATORIES 

The following criteria will be considered when evaluating contract laboratories: 

• Quality assurance and quality control documents governing laboratory operations 

• Status of laboratory certification and the most recent laboratory audit conducted 

• Initial demonstration of proficiency results for all analysts on all methods performed 

• Availability of technical support regarding methods to be used 

• Standard operating procedures for the desired analyses 

• Method detection limits and quantitation limits for the desired analyses 

• Laboratory past performance on performance evaluation samples 

Additional criteria to be considered include: 

• Laboratory capacity for the desired analyses 

• Costs per analysis or batch of analyses 

• Typical turn-around times for the type of analytical work requested 

• Method development/optimization protocol 

The source of analytical services to be provided will in part be determined by the project-specific 
intended use of the resulting data and specific requirements and constraints such as quick 
turnaround of data. The project-specific chain of custody will identify the laboratories that have 
been selected to provide analytical services. 

The laboratory performing analytical analyses for samples collected from the RES area shall 
have current certification from the California Department of Health Services Environmental 
Protections Laboratory Accreditation Program to perform Hazardous Materials analysis for each 
method specified in this SAP. 
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5.0  QUALITY ASSURANCE OBJECTIVES 

The intent of this SAP is to establish protocols for assuring quality data collection and criteria for 
determining the quality of resultant data. Data collection, reporting requirements, and analytical 
protocols are established to meet the needs of the SMP. The SAP emphasizes the use of proven, 
validated, and EPA-approved sampling methods and analytical methods such as Test Methods 
for Evaluating Solid Waste (SW-846) (EPA 1996). The following subsections define the specific 
quality assurance (QA) and QC activities that will be applied to ensure that the environmental 
data collected are of the type and quality needed. In addition, Form B of the SMP is critical for 
the collection and use of environmental data.  

5.1  DATA QUALITY OBJECTIVE PROCESS 

All projects will be evaluated to determine the scope of sampling and analysis which may be 
required prior to initiating earthwork activities. Sampling design shall be reviewed and approved 
by EH&S prior to the sampling event. Soil sampling data collected from the project area will be 
evaluated to determine the appropriate soil management decision.  

Form B is used to track project status for fulfilling the requirements for Sampling, Data 
Evaluation, and Soil Management steps. The Sampling Design must be approved by EH&S prior 
to initiating sampling. EH&S approval signature on Form B documents that the soil sampling is 
complete, the data has been evaluated, and the soil management decision for the project is 
approved. The project may proceed once EH&S approval of the soil management decision is 
documented.  

5.2  QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 

The overall QA objective is to develop and implement procedures for field sampling, chain-of-
custody, laboratory analysis, and data reporting that will provide results that are usable for their 
intended purpose. This section addresses the level of QC effort and the specific QA objectives 
for sensitivity, accuracy, precision, representativeness, completeness, and comparability of data. 
Specific procedures for sampling, chain-of-custody, laboratory instrument calibration, laboratory 
analysis, reporting of data, internal QC, preventive maintenance of field equipment, and 
corrective action are described in other sections of this SAP. Form B will identify the numbers of 
samples that will be collected, and Table C2-3 identified the types of field and laboratory QC 
samples that will be required.  

Analytical data will be evaluated for compliance with QC limits (Table C2-3). Typically, when 
analytical data do not meet the QC limits, corrective action must be initiated or the data will be 
qualified or rejected. Corrective action includes stopping the analysis; examining instrument 
performance, sample preparation, and analysis information; recalibrating instruments; re-
preparing and reanalyzing samples; and informing the appropriate project staff member of the 
problem. 

The following subsections address the level of QC effort and objectives for sensitivity; accuracy 
and precision; and representativeness, completeness, and comparability of data. 



 

Exhibit C2, RAW, Richmond Bay Campus C2-21 November 25, 2013 

5.2.1  Sensitivity  

The QA objective for sensitivity is generally expressed in the form of the method quantitation 
limit for the analytical method selected. Table C2-3 provides the concentrations of concern for 
contaminants known or suspected to be present at the sampling location based on risk-based 
criteria. The laboratory contracted for work under the SMP must be able to meet these 
quantitation limits. Quantitation limits reflect the influences of the sample matrix on method 
sensitivity and are typically higher than detection limits. Quantitation limits provide a reliable 
indication of the amount of material needed to produce an instrument response that can be 
routinely identified and reliably quantified when applying a particular analytical method to real 
environmental samples. 

5.2.2  Precision and Accuracy 

Precision and accuracy will be evaluated quantitatively by collecting the QC samples listed in 
Table C2-3. Section 7.3 describes field QC samples in detail. The sections below describe how 
each of the precision, accuracy, representativeness, completeness, and comparability (PARCC) 
parameters will be assessed. 

5.2.2.1  Precision 

Precision is the degree of mutual agreement between individual measurements of the same 
property under similar conditions. Usually, combined field and laboratory precision is evaluated 
by collecting and analyzing field replicates and then calculating the variance between the 
samples, typically as a relative percent difference (RPD): 

( ) %100
2/

x
BA

BA
RPD

+
−

=  

where: 

A  =  First duplicate concentration 
B  =  Second duplicate concentration 

Laboratory analytical precision is evaluated by analyzing laboratory replicates or a MS and 
MSD. The results of the analysis of each MS/MSD and sample duplicate pairs will be used to 
calculate an RPD for evaluating precision. See Table C2-3 for MS/MSD RPD criteria. 

5.2.2.2  Accuracy 

Sample spiking will be conducted to evaluate laboratory accuracy. This includes analysis of the 
MS and MSD samples, laboratory control samples (LCS) or blank spikes, surrogate standards, 
and method blanks. MS and MSD samples will be prepared and analyzed at a frequency of 
5 percent. LCS or blank spikes are also analyzed at a frequency of 5 percent. Surrogate 
standards, where available, are added to every sample analyzed for organic constituents. The 
results of the spiked samples are used to calculate the percent recovery for evaluating accuracy. 
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100RecoveryPercent x
T

CS −
=  

where: 

S =  Measured spike sample concentration  
C =  Sample concentration 
T =  True or actual concentration of the spike 

Results that fall outside the project-specific accuracy goals will be further evaluated on the basis 
of the results of other QC samples. See Table C2-3 for spike recovery criteria. 

5.2.3  Representativeness 

Representativeness expresses the degree to which data accurately and precisely represents a 
characteristic of a population, parameter variations at a sampling point, a process condition, or an 
environmental condition. Representativeness is a qualitative parameter that depends on the 
proper design of the sampling program and proper laboratory protocol. The sampling network for 
each investigation will be designed to provide data that are representative of environmental 
conditions. During development of the SMP, consideration was given to past waste disposal 
practices, existing analytical data, current and former on-site physical setting and processes, and 
other relevant information. 

Representativeness can also be affected by the time, place, and manner in which the samples 
are collected. The SMP identifies specific methods (i.e. grid frequency and prior investigation 
data) for achieving and demonstrating the representativeness of the samples to be collected. 

Representativeness will also be satisfied by ensuring that this SAP and the Form B are followed, 
samples are collected in accordance with the appropriate DTSC guidance, proper analytical 
procedures are followed, and holding times of the samples are not exceeded in the laboratory. 

5.2.4  Completeness 

Completeness is a measure of the percentage of data that are valid. Valid data are obtained when 
samples are collected and analyzed in accordance with QC procedures outlined in this SAP, and 
when none of the QC criteria that affect data usability is exceeded. When all data validation is 
completed, the percent completeness value may be calculated by dividing the number of useable 
sample results by the total number of sample results. 

Completeness will also be evaluated as part of the data quality assessment process (EPA 2006). 
The degree of completeness will be calculated by dividing the number of useable sample results 
by the total number of number of sample results. This evaluation will help determine whether 
there are any limitations on the decisions to be made based on the data collected. A minimum of 
95% completeness per matrix type will be required for usable data. 
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5.2.5  Comparability 

Comparability expresses the confidence with which one data set can be compared with another. 
Comparability of data will be achieved by consistently following standard field and laboratory 
procedures and by using standard measurement units in reporting analytical data.  

5.3  FIELD QUALITY CONTROL SAMPLES 

Field QC samples will be collected and analyzed to assess the quality of data generated from 
sampling activities. Table C2-4 presents QC samples to be collected and analyzed for RES area 
projects. These samples may include trip blanks, equipment rinsate blanks, field replicates, and 
field split samples as described below:  

• Trip blanks are used to assess the potential for sample contamination during 
handling, shipment, and storage. One trip blank is usually included within every 
shipping cooler of liquid samples to be analyzed for VOCs. Trip blanks are sample 
bottles filled by the analytical laboratory with organic-free water. The trip blanks are 
sealed and transported to the field; kept with empty sample bottles and then with the 
investigative samples throughout the field effort; and returned to the laboratory for 
analysis with the investigative samples. Trip blanks are never opened in the field.  

• Equipment rinsate blanks are collected when sampling equipment is used. These 
blanks assess the cleanliness of sampling equipment and the effectiveness of 
equipment decontamination. Equipment rinsate blanks are typically collected for each 
type of decontaminated sampling equipment. Equipment rinsate blanks are collected 
by pouring analyte-free water over surfaces of cleaned sampling equipment that 
contact sample media. Equipment rinsate blanks are collected after sampling 
equipment has been decontaminated but prior to being reused for sampling.  

• Source blanks are collected from the water used for the final decontamination rinse 
of equipment. They are used to assess contamination in the water used for 
decontamination. One source blank is collected from each source of water used for 
decontamination.  

• Field replicate samples are independent samples collected as close as possible in 
space and time to the original investigative sample. Collection of soil replicates are 
decided based on the data objectives for each site. Immediately following collection 
of the original sample, the field duplicate sample is collected using the same 
collection method. Care should be taken to collect the field duplicate sample as close 
to the location of the original sample as possible. Field duplicate samples can measure 
how sampling and field procedures influence the precision of an environmental 
measurement. They can also provide information on the heterogeneity of a sampling 
location.  

• Temperature blanks are used to assess the temperature of the samples upon arrival 
at the laboratory. A sample container is filled with distilled water and placed each 
cooler. Upon arrival at the laboratory, the temperature of the water is measured. The 
temperature blank is not analyzed. 
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• Field split samples are usually a set of two or more samples taken from a larger 
homogenized sample. Field split samples may be collected to monitor how closely 
laboratories are meeting project-specific QA objectives. The larger sample is usually 
collected from a single sampling location, but can also be a composite sample. Field 
split samples can be sent to two or more laboratories and are used to provide 
comparison data between the laboratories. 
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TABLE C2-4: QC SAMPLES FOR PRECISION AND ACCURACY 

QC Type QA Sample Type Precision / 
Accuracy  

Default Frequency 

Field QC 

Field Replicates Precision 1 every 10 soil or sediment samples 

Equipment Rinsate Accuracy 1 per day per type of non-disposable sampling 
equipment 

Source Water Blank Accuracy 1 per source of decontamination water 
Trip Blanks Accuracy 1 per shipping container containing volatile samples 

Temperature Blanks Accuracy 1 per shipping container  

Laboratory 
QC Method Blanks Accuracy 1 per every batch of samples, type of matrix, or 20 

samples (whichever is more frequent) 

Laboratory 
QC 

MS/MSD Percent 
Recovery Precision 1 per every 20 samples 

Laboratory Replicates 
(blind) Precision 1 per every 20 samples 

LCS or Blank Spikes 
Percent Recovery Accuracy 1 per every batch of samples, type of matrix, or 20 

samples (whichever is more frequent) 
Surrogate Standard 
Percent Recovery Accuracy Every sample for organic analysis by gas 

chromatography 
Source: 
EPA. 2005  Uniform Federal Policy for Quality Assurance Project Plans.  Part 2B, Quality Assurance/Quality Control Compendium:  
Minimum QA/QC Activities.  EPA 505-B-04-900B. 
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6.0  SAMPLE CUSTODY 

The sections below describe sample handling procedures, including sample identification and 
labeling, documentation, chain of custody, and shipping. Procedures for equipment 
decontamination and management of investigation derived waste are also briefly described 
below. 

6.1  SAMPLE IDENTIFICATION 

A unique sample identification number will be assigned to each sample collected during the 
various RES investigations. The sample numbering system allows each sample to be uniquely 
identified and provides a means of tracking the sample from collection through analysis.  

6.2  SAMPLE LABELS 

A sample label will be affixed to all sample containers. The label will be completed with the 
following information, written in indelible ink:  

• Project name and location 

• Sample identification number 

• Date and time of sample collection 

• Preservative used 

• Sample collector’s initials 

• Analysis required 

After it is labeled, each sample will be refrigerated or placed in a cooler that contains wet ice to 
maintain the sample temperature at or below 4 ±2°C.  

6.3  SAMPLE DOCUMENTATION 

Documentation during sampling is essential to ensure proper sample identification. Sampling 
personnel will adhere to the following general guidelines for maintaining field documentation: 

• Documentation will be completed in permanent black ink. 

• All entries will be legible. 

• Errors will be corrected by crossing out with a single line and then dating and 
initialing the lineout. 

• Unused portions of pages will be crossed out, and each page will be signed and dated. 
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The field team leader is responsible for ensuring that sampling activities are properly 
documented. 

6.4  CHAIN OF CUSTODY 

Standard sample custody procedures will be conducted to maintain and document sample 
integrity during collection, transportation, storage, and analysis. A sample will be considered to 
be in custody if one of the following statements applies: 

• It is in a person’s physical possession or view. 

• It is in a secure area with restricted access. 

• It is placed in a container and secured with an official seal such that the sample 
cannot be reached without breaking the seal. 

Chain-of-custody procedures provide an accurate written record that traces the possession of 
individual samples from the time of collection in the field to the time of acceptance at the 
laboratory. The chain-of-custody record also will be used to document all samples collected and 
the analysis requested. Information that the field personnel will record on the chain-of-custody 
record includes:  

• Project name and number  

• Sampling location 

• Name and signature of sampler 

• Destination of samples (laboratory name) 

• Sample identification number 

• Date and time of collection 

• Number and type of containers filled 

• Analyses requested 

• Preservatives used (if applicable) 

• Filtering (if applicable) 

• Sample designation (i.e. grab or composite) 

• Sample media 

• Signatures of individuals involved in custody transfer, including the date and time of 
transfer 
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• Air bill number (if applicable) 

• Project contact and phone number 

Unused lines on the chain-of-custody record will be crossed out. Field personnel will sign 
chain-of-custody records that are initiated in the field, and the air bill number will be recorded. 
The record will be placed in a waterproof plastic bag and taped to the inside of the shipping 
container used to transport the samples. Signed air bills will serve as evidence of custody transfer 
between field personnel and the courier, and between the courier and the laboratory. Copies of 
the chain-of-custody record and the air bill will be retained and filed by field personnel before 
the containers are shipped. 

Laboratory chain of custody begins when samples are received and ends when samples are 
discarded. Laboratories analyzing samples must follow custody procedures at least as stringent 
as are required by the EPA Contract Laboratory Program statements of work (EPA 2003, 2004). 
The laboratory should designate a specific individual as the sample custodian. The custodian will 
receive all incoming samples, sign the accompanying custody forms, and retain copies of the 
forms as permanent records. The laboratory sample custodian will record all pertinent 
information concerning the samples, including the persons who delivered the samples, the date 
and time they were received, condition of the sample at the time it was received (sealed, 
unsealed, or broken container; temperature; or other relevant remarks), the sample identification 
numbers, and any unique laboratory identification numbers for the samples. When the sample 
transfer process is complete, the custodian is responsible for maintaining internal logbooks, 
tracking reports, and other records necessary to maintain custody throughout sample preparation 
and analysis. 

The laboratory will provide a secure storage area for all samples. Access to this area will be 
restricted to authorized personnel. The custodian will ensure that samples that require special 
handling, including samples that are heat- or light-sensitive, radioactive, or have other unusual 
physical characteristics, will be properly stored and maintained prior to analysis. 

6.5  SAMPLE SHIPMENT 

The following procedures will be implemented when collected samples are shipped: 

• The chain-of-custody records will be placed inside a plastic bag. The bag will be 
sealed and taped to the inside of the shipping container. The air bill, if required, will 
be filled out before the samples are handed over to the carrier. The laboratory will be 
notified if the sampler suspects that the sample contains any substance that would 
require laboratory personnel to take safety precautions. 

• The shipping container will be closed and taped shut with strapping tape around both 
ends. If the shipping container has a drain, it will be taped shut both inside and 
outside of the shipping container. 
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• Signed and dated custody seals will be placed on the front and side of each shipping 
container. Wide clear tape will be placed over the seals to prevent accidental 
breakage. 

• The chain-of-custody record will be transported within the taped sealed shipping 
container. When the shipping container is received at the analytical laboratory, 
laboratory personnel will open the shipping container and sign the chain-of-custody 
record to document transfer of samples. 

Multiple shipping containers may be sent in one shipment to the laboratory. The outside of the 
shipping container will be marked to indicate the number of shipping containers in the shipment.  

6.6  DECONTAMINATION PROCEDURES 

All reusable equipment will be decontaminated according to the following procedures. All 
reusable sampling tools will be decontaminated before sampling begins and between sample 
locations. Reusable sampling tools will be decontaminated by scrubbing in a solution of potable 
water and nonphosphate detergent (Alconox or Liquinox). The tools will then be double-rinsed 
with distilled water. Sampling tools that are not used immediately after decontamination will be 
allowed to air dry and wrapped in plastic. 

6.7  MANAGEMENT OF IDW  

All soils and debris generated from soil borings and well installations, and water from well 
purging and decontamination will be contained as investigation-derived waste (IDW). The soil or 
water will be placed in 55-gallon drums, labeled, and stored on a concrete containment pad in a 
fenced or secured location at the Richmond Bay Campus. Samples will be collected from the 
drums for characterization of the waste. The results of the sample will dictate the exact disposal 
requirements. The drums will then be shipped off site to the appropriate facility. 

Personal protective equipment and miscellaneous waste from sampling (paper towels, aluminum 
foil, and plastic sheeting) will be placed in large garbage bags, sealed, and disposed of in facility 
trash receptacles as solid waste, or disposed of at a proper off-site facility to prevent exposure to 
unauthorized personnel, as appropriate. 
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7.0  DATA REDUCTION, VALIDATION, AND REPORTING 

The following section describes the methods used for verifying and validating data. 

7.1  FIELD DATA VERIFICATION 

Project team personnel will verify field data through reviews of data sets to identify 
inconsistencies or anomalous values. Any inconsistencies discovered will be resolved as soon as 
possible by seeking clarification from field personnel responsible for data collection. All field 
personnel will be responsible for following the sampling and documentation procedures 
described in this SAP so that defensible and justifiable data are obtained. 

Data values that are significantly different from the population are called “outliers.” A systematic 
effort will be made to identify any outliers or errors before field personnel report the data. 
Outliers can result from improper sampling or measurement methodology, data transcription 
errors, calculation errors, or natural causes. Outliers that result from errors found during data 
verification will be identified and corrected; outliers that cannot be attributed to errors in 
sampling, measurement, transcription, or calculation will be clearly identified in project reports. 

7.2  LABORATORY DATA VERIFICATION 

Laboratory personnel will verify analytical data at the time of analysis and reporting and through 
subsequent reviews of the raw data for any nonconformances to the requirements of the 
analytical method. Laboratory personnel will make a systematic effort to identify any outliers or 
errors before they report the data. Outliers that result from errors found during data verification 
will be identified and corrected. 

7.3  LABORATORY DATA VALIDATION 

Data validation is a systematic process for reviewing and qualifying data against a set of criteria 
to determine whether they are adequate for their intended use. Reviewing and evaluating all 
analytical data for their PARCC parameters verifies adequacy. EH&S will indicate the level of 
validation required for the data. Criteria for data qualification during the cursory and full review 
are derived from EPA guidelines (EPA 2008, 2010), the SAP, SMP, sampling planning 
document, and associated analytical methods. General requirements for cursory and full 
validation are listed below. 

7.3.1  Cursory Data Validation 

Cursory review of the analytical reports includes evaluating the following parameters, as 
applicable: holding times, initial and continuing calibrations, laboratory and field blanks, 
accuracy, laboratory precision, and analytical and matrix performance. An overall assessment of 
the data will also be conducted. Cursory data validation is the default review for SMP-related 
project sampling. 
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7.3.2  Full Data Validation 

Full review includes all the elements of a cursory review as presented above, and the following 
additional items, as applicable: 

• Method compliance, instrument performance check samples, cleanup performance, 
system performance check samples, system performance, inductively coupled plasma 
or atomic emission spectroscopy interference check samples, and overall assessment 
of the data 

• Target analyte identification 

• Analyte quantitation 

• Detection and quantitation limit verification 

Full data validation may be selected on a project-by-project basis, if determined to be necessary 
by UC EH&S staff. 
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8.0  DATA ASSESSMENT PROCEDURES 

After environmental data have been reviewed, verified, and validated, the data must be further 
evaluated to determine whether data objectives have been met. This section describes these 
procedures. 

UC will systematically assess data quality and data usability. This assessment will include the 
following elements: 

• A review of the sampling design and sampling methods to verify that these were 
implemented as planned and are adequate to support project objectives. 

• A review of project-specific data quality indicators for PARCC parameters and 
quantitation limits to determine if acceptance criteria have been met. 

• A review of project-specific objectives to evaluate whether they have been achieved 
by the data collected. 

• An evaluation of any limitations associated with the decisions to be made based 
on the data collected. For example, if data completeness is only 90 percent 
compared with a project-specific completeness objective of 95 percent, the data 
may still be usable to support a decision, but at a lower level of confidence. 

Deviations from the Sampling Design (Form B), such as change in sample location, or analytical 
results which do not meet data quality criteria, will be evaluated to determine whether additional 
sampling is required. Once the data set is deemed acceptable per project sampling design, the 
soil sample results will be compared to the SMP Category I and Category II criteria to determine 
if a soil management action is required.  
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1.0 INTRODUCTION 
 
4LEAF, Inc. (4LEAF) has prepared this perimeter air monitoring plan (the “Plan”) for the 
University of California, Berkeley (UC Berkeley) Office of Environment, Health and Safety 
(EH&S) in accordance with the California Environmental Protection Agency, Department of 
Toxic Substances Control (DTSC), Site Investigation and Remediation Order, Docket No. ISE-
RAO 06/07-004, dated September 15, 2006.  This Plan outlines the air monitoring procedures for 
conducting the Removal Action Workplan (RAW) for the Research, Education, and Support 
(RES) Area and Groundwater within the Richmond Field Station (RFS) in Richmond, California 
(see Figure D-1). 
 
The air monitoring procedures were developed to protect RFS workers and off-site communities 
from exposure to chemicals of potential concern (COPCs) and to evaluate adequacy of dust 
control methods being applied by the contractor selected to implement the RAW.  As described 
in the RAW, excavation activities will be performed in four areas at RFS: 
 

 Former Mercury Fulminate Area (MFA) 
 Building 112 area 
 Building 150 area 
 RFS Corporation Yard 

 

2.0 AIR MONITORING 
 
Air monitoring will be performed during all soil disturbance and excavation activities performed 
under the RAW.  Based on the known COPCs, real-time dust monitoring and mercury vapor 
monitoring will be performed during excavation activities to be performed in the former MFA 
and real-time dust monitoring will be performed during excavation activities to be performed in 
the Building 112 area, Building 150 area, and RFS Corporation Yard. 
 

2.1 Real-time Perimeter Dust Monitoring 
 
There is the possibility that minor amounts of dust will be released into the air during excavation 
activities.  Dust emissions will be minimized by spraying water on excavation-equipment 
buckets during excavation and dumping to eliminate visible dust.  In addition, excavated soils 
will be placed and stored in covered roll-off bins or in covered soil stockpiles to minimize wind-
borne dust prior to transporting the soil off site.   
 
Air monitoring will be performed at the fenced perimeter of the various excavation areas to 
verify that dust control measures are adequate.  Real-time air monitoring of total dust will be 
performed using real-time aerosol monitors [MIE Personal Data Rams (PDR)] with data loggers 
to provide immediate information for the total dust levels present.  The lower detection limit for 
the operating range of the PDR is 0.001 milligrams per cubic meters (mg/m3).  The particle size 
maximum range of response for the PDR is 0.1 to 10 micro meters (μm).  The PDRs will be set 
to automatically log dust levels over 5-minute periods and will be visually checked 



 
 
 

Perimeter Air Monitoring Plan_draft_v42  Page 2 

approximately every hour during the work day and the value manually recorded in the field logs 
by an on-site UC Berkeley representative to verify equipment operation and compliance with the 
target action levels.  The data will be downloaded into a computer daily and will be posted on the 
RFS Environmental Website (http://rfs.berkeley.edu) within one week. 
 
The PDRs will be calibrated daily according to the manufacturer’s requirements and maintained 
in good working conditions.  Spare batteries and one spare PDR unit will be maintained on site 
in the event a unit malfunctions during the work day.  Dust measurements will be recorded 
upwind of the excavation area at the start of work in the morning and after lunch break at mid-
day to determine ambient dust concentrations for that day.  
 
The PDRs will be positioned along excavation fence lines at locations most likely to be in the 
direction of off-site dust migration from each excavation area depending on the identified wind 
direction on the day and time of work (see Figures D-2 and D-3).  Two PDRs will be placed at a 
height of five feet on fences in the downwind direction of the excavation area to monitor for dust 
being generated in the excavation and one PDR will be placed upwind of the excavation to 
measure ambient dust concentrations. 
 
Wind speed and direction will be continuously monitored using a portable calibrated wind sock.  
Wind speed will also be measured every hour using a hand-held anemometer and the readings 
recorded in the daily field notes.  The contractor will be notified verbally (and documented in the 
daily field notes) to stop work if real-time dust monitoring shows that perimeter action levels for 
dust are exceeded or if sustained wind speeds exceed 15 miles per hour (mph) (sustained for 15 
minutes). 
 
UC Berkeley has calculated the following action levels for fugitive dust concentrations for the 
perimeter (or fence line) of each excavation area: 
 

 Former MFA - 34 µg/m3 dust concentration (in addition to the daily measured ambient 
dust levels). 

 
 Building 112 area - 50 µg/m3 dust concentration (in addition to the daily measured 

ambient dust levels). 
 

 Building 150 area - 50 µg/m3 dust concentration (in addition to the daily measured 
ambient dust levels). 
 

 Corporation Yard area - 16 µg/m3 dust concentration (in addition to the daily measured 
ambient dust levels). 

 
The perimeter dust action levels are protective of the most sensitive off-site receptors including 
children, elderly, and the ill.  These perimeter dust action levels were established using the 
following methodology: 
 

 Determination of chemicals of potential concern (COPCs). Chemicals detected in soils 
during previous site investigation activities were reviewed to determine those chemicals 
that are present in soils at concentrations exceeding residential regional screening levels 
(RSLs) and could be potentially associated with an adverse health risk if released into the 

http://rfs.berkeley.edu
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air as dust.  Based on this review, the following chemicals of potential concern (COPC) 
were identified for each excavation area as exceeding their respective residential RSLs. 

 
 Former MFA:  arsenic, cadmium, lead, mercury, and thallium. 
 Building 112 area:  Aroclor-1248 and Aroclor-1254. 
 Building 150 area:  Aroclor-1260. 
 Corporation Yard area:  arsenic, copper, lead, benzo(a) pyrene, dieldrin, and dioxins 

(as 2,3,7,8-TCDD). 
 
 Calculation of COPC Concentrations in Dust.  A hypothetical worst-case dust 

concentration that an individual located outside of the excavation area could be exposed 
to was calculated for each COPC by assuming all dust released from the excavation 
contained the maximum concentrations of the COPCs found during previous site 
investigations.  This adds conservatism to the calculated allowable dust concentration 
since the majority of soils in each proposed excavation area contains the COPCs at much 
lower concentrations than the maximum concentration. The California Ambient Air 
Quality Standard (CAAQS) PM10 standard of 50 micrograms per cubic meter (µg/m3) 
was used as the benchmark dust concentration.  The maximum soil concentration for each 
COPC was converted to mg of COPC per mg of dust, and then multiplied by the PM10 
standard to determine the worst-case COPC concentration in dust.  For example, the 
maximum soil concentration of Aroclor-1254 in the Corporation Yard area is 110 mg/kg. 
If total dust concentrations were equivalent to the PM10 standard, the calculated worst-
case Aroclor-1254 concentration in dust would be 0.0055 µg/m3 (110 mg/kg x 
0.000001 kg/mg x 50 µg/m3 = 0.0055 µg/m3). 
 

 Determination of Acceptable Concentration in Dust.  A hierarchy approach was used to 
identify the appropriate regulatory or risk-based concentrations for comparison to the 
calculated worst-case COPC concentrations in dust. The maximum detected soil 
concentrations for the COPCs detected in each excavation area are listed in Table 1. The 
Bay Area Air Quality Management District (BAAQMD) regulatory levels were consulted 
first because they included a value for lead.  The California Office of Environmental 
Health Hazard Assessment (OEHHA) reference exposure levels (RELs) for inhalation 
were then consulted, which included chronic RELs for arsenic and cadmium and the 
acute REL for copper.  The chronic RELs are concentrations or doses at or below which 
adverse health effects are not likely to occur.  They are designed to protect the individuals 
who live or work in the vicinity of emissions of these substances.  Chronic RELs are 
intended to protect individuals with low susceptibility for chemical injury as well as 
identifiable sensitive subpopulations (high-risk individuals) from adverse health effects 
(OEHHA 2000). The acceptable COPC concentrations in dust were calculated for the 
remaining COPCs. 
 
Note: The OEHHA REL table lists acute, 8-hour and chronic RELs for mercury, which 
are based on exposure to elemental mercury (OEHHA, 2013), and are utilized in 
monitoring mercury vapor exposures (see Section 2.2 of this document).  However, 
particulate mercury is much less bioavailable than organic vapor from elemental mercury 
(ATSDR, 1999). As such, a risk-based concentration was derived for assessing potential 
chronic exposure to particulate mercury in lieu of using the OEHHA RELs for elemental 
mercury.  
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 Calculation of Risk-based Acceptable COPC Concentrations in Dust.  The acceptable 
risk-based COPC concentrations in dust were calculated using a target risk of 1 x 10-6 for 
carcinogenic compounds and a target hazard quotient (HQ) of 1 for non-carcinogenic 
compounds.  Exposures with risks less than the target levels are not considered 
significant. For carcinogenic compounds, the target risk was divided by the inhalation 
unit risk (IUR)1 for each COPC to determine an acceptable COPC concentration in dust. 
To continue with the Aroclor-1254 example from above, the target risk was divided by 
the IUR for Aroclor-1254 of 0.00057 (m3/µg), resulting in an acceptable Aroclor-1254 
concentration in dust of 0.0018 µg/m3 (1 x 10-6 / 0.00057 (m3/µg) = 0.0018 µg/m3). For 
non-carcinogenic compounds, the target HQ was multiplied by the reference dose 
concentration (RfC)2 for each COPC to determine an acceptable COPC concentration in 
dust.  For example, the target HQ was multiplied by the mercury RfC (0.3 µg/m3), which 
resulted in an acceptable mercury concentration in dust of 0.3 µg/m3 (1 x 0.3 µg/m3 = 0.3 
µg/m3). Because the risk-based acceptable COPC concentrations in dust were calculated 
using toxicity data (i.e., IURs and RfCs) derived from chronic exposure studies, the risk-
based acceptable concentrations are protective of chronic exposure to COPCs. 
 

 Comparison of Worst-case COPC Concentrations in Dust to Acceptable COPC 
Concentrations in Dust.  The calculated worst-case COPC concentrations in dust were 
compared to the acceptable COPC concentrations.  This comparison was made to 
determine if exposure to dust at the PM10 standard of 50 µg/m3 could result in an 
unacceptable exposure to COPCs for offsite receptors.  As shown in Table 1, the worst-
case COPC concentrations in dust exceed their respective acceptable COPC 
concentrations in dust for the following constituents: 

 
 Cadmium and mercury in soils in the MFA. 
 Aroclor-1254 and dioxis (as 2,3,7,8-TCDD) in soils in the Corporation Yard area. 

 
This indicates the PM10 standard of 50 µg/m3 should be lowered in these areas to reduce 
exposure to COPCs via dust inhalation. 
 

 Calculation of Action Levels for Total Dust.  The acceptable COPC concentrations in dust 
were used for cadmium and mercury in the MFA, and for Aroclor-1254 and dioxins (as 
2,3,7,8-TCDD) in the Corporate Yard area to calculate the action levels for total dust. For 
Aroclor-1254, the acceptable COPC concentration in dust (0.0018 µg/m3) was divided by 
maximum soil concentration and a conversion factor to calculate an action level for total 
dust [0.0018 µg/m3 / (110 mg/kg x 0.000001 kg/mg) = 16 µg/m3]. For the MFA, the 
lower of the two calculated action levels [cadmium (46 µg/m3) and mercury (34 µg/m3)] 
will be used as the dust action levels that will be implemented during excavation 
activities.  For the Corporation Yard area, the lower of the two calculated action levels 

                                                 
1 All IURs were obtained from the Consolidated Table of OEHHA/Air Review Board (ARB) Approved Risk 

Assessment Health Values (2013) as follows: PCBs (high risk) = 5.7E-04 (µg/m3)-1, PAHs = 1.1E-03 (µg/m3)-1, 
Dioxins = 3.8E+01 (µg/m3)-1, Dieldrin = 4.6E-03 (µg/m3)-1.   

2  The RfC for mercury (0.3 µg/m3) was obtained from USEPA’s Integrated Risk Information System (IRIS) 
(2013). 
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[Aroclor-1254 (16 µg/m3), dioxins (26 µg/m3)] was used as the dust action levels 
implemented during excavation activities. 

 
For the Building 112 and Building 150 areas, the worst-cased COPC concentrations in 
dust did not exceed the acceptable COPC concentrations in dust for Aroclor-1248, -1254, 
and -1260; therefore, the PM10 standard of 50 µg/m3 will be used as the dust action levels 
implemented during excavation activities in these two areas. 

 
2.2 Real-time Mercury Vapor Monitoring 
 
Real-time mercury vapor monitoring will be performed near the work zone as well as at the 
fenced perimeter of the MFA excavation area.  The mercury vapor monitoring will be conducted 
using Lumex RA-915 mercury vapor meters equipped with data loggers.  The Lumex RA-915 
meter has a detection limit of 0.002 micro grams per cubic meter (µg/m3) for mercury.  Mercury 
vapor monitoring in and near the work zone will be performed using a hand-held meter and the 
perimeter monitoring will be performed by positioning Lumex vapor meters at a height of five 
feet on fences along each side of the excavation area (a total of four monitors) (Figure D-3).  A 
portable Lumex meter will also be utilized by designated UC Berkeley representatives to monitor 
for mercury vapor in the immediate vicinity of the MFA excavation area.   
 
The Lumex vapor meters placed along the excavation perimeter fencing will be set to log 
mercury vapor levels over 5-minute periods and will be will be visually read approximately 
every hour during the work day and manually recorded in the field logs by an on-site UC 
Berkeley representative to verify equipment operation and compliance with the target action 
levels.  The data will be downloaded into a computer daily and will be posted on the RFS 
Environmental Website (http://rfs.berkeley.edu) within two working days. 
 
The Lumex vapor meters will be calibrated daily according to the manufacturer’s requirements 
and maintained in good working conditions.  Spare batteries and one spare Lumex vapor meter 
unit will be maintained on site in the event a unit malfunctions during the work day. 
 
UC Berkeley has set an action level of 0.6 µg/ m3 for mercury vapors as measured at the MFA 
excavation fences.  The action level is based on the OEHHA acute REL value for 1-hour 
exposures to mercury and inorganic mercury compounds (OEHHA 2013).  Additionally, an 
8-hour average mercury concentration will be calculated daily from the Lumex vapor data and 
compared to the OEHHA 8-hour REL of 0.03 µg/m3 to ensure exposures over an 8-hour work 
day are not exceeding the REL.  The 8-hour REL is also protective of on-site RFS staff that work 
in nearby buildings and for off-site residents that live at the nearby Marina Bay housing 
development. 
 
A stop work notice will be issued to the contractor if vapor concentrations exceed the action 
level in any of the four perimeter Lumex vapor meters and work will not be allowed to resume 
until the mercury vapor levels measured at the excavation fence line are less than the action 
level. 
 

  

http://rfs.berkeley.edu
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Table 1.  Proposed Total Dust Action Levels for Excavation Activities. 
 

COPC 

Acceptable 
COPC 

Concentration 
in Dust (µg/m3) 

MFA Bldg. 112 Area Bldg. 150 Area Corporation Yard Area 

Max. Soil 
Conc. 

(mg/kg) (a) 

Worst-Case 
COPC 

Concentration 
in Dust (µg/m3) 

Max. Soil 
Conc. 

(mg/kg) (a) 

Worst-Case 
COPC 

Concentration 
in Dust (µg/m3) 

Max. Soil 
Conc. 

(mg/kg) (a) 

Worst-Case 
COPC 

Concentration 
in Dust (µg/m3) 

Max. Soil 
Conc. 

(mg/kg) (a) 

Worst-Case 
COPC 

Concentration 
in Dust (µg/m3) 

Arsenic 0.015 (a) 46.8 0.00234     40.1 0.002005 

Cadmium 0.02 (a) 437 0.02185 (g)       

Copper 100 (b)       4,560 0.228 

Lead 1 (c) 1,140 0.057     571 0.02855 

Mercury 0.3 (d) 8,800 0.44 (g)       

Thallium NA (e) 3.4 0.00017       

Aroclor-1248 0.0018 (f)   35 0.00175     

Aroclor-1254 0.0018 (f)   24 0.0012   110 0.0055 (g) 

Aroclor-1260 0.0018 (f)     1.7 0.000085   

PAHs (as Benzo(a)pyrene) 0.0009 (f)       15.48 0.000774 

Dioxins (as 2,3,7,8-TCDD) 2.6E-08 (f)       0.001 5.0E-08 (g) 

Dieldrin 0.0002 (f)       0.078 3.9E-06 

Total Dust Action Level: 34 µg/m3 50 µg/m3 50 µg/m3 16 µg/m3 
Notes: 
(a) Based on chronic REL value published by OEHHA (August 2013). 
(b) Based on acute REL value published by OEHAA (August 2013).  No chronic value available. 
(c) Based on BAAQMD 30-day average. 
(d) Risk-based value calculated using the RfC since RELs based on elemental mercury exposure. 
(e) No REL and no inhalation toxicity information available to calculate a risk-based value. 
(f) Risk based value calculated using IURs and a target risk of 1E-06. 
(g) Values shown in italics indicate the “Worst-Case COPC Concentration in Dust” value exceeds the “Acceptable COPC Concentration in Dust” value. 
 
mg/kg milligrams per kilogram 
µg/m3 micrograms per cubic meter. 
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