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1.0 INTRODUCTION 

Presented in this document is the Revised Closure Plan for the Nos. 1 through 5 Landfarms at the. Chevron 
Richmond Refinery located in Richmond, California (Plate 1-1). This plan was originally prepared in 1996 
by Bechtel Environmental, Inc. and Dames & Moore (BEDM) and was revised by Dames & Moore at the 
request of Chevron. This revised plan supersedes the previous closure plans submitted by Chevron dated 
March 31, 1988, June 7,1995, September 24, 1995, and December 31, 1996. This plan presents a revised 
closure approach that was presented to the California EPA Department of Toxic Substances Control 
(DTSC) at a meeting on February 27, 1996. As discussed in Section 1.1, Chevron has submitted several 
documents discussing various elements of the proposed plan to the DTSC for their review in advance of the 
submittal of this plan. All of these elements have been incorporated into this document. 

This revised plan provides a history of activities to date and summarizes the facility and hydrogeologic 
conditions. The plan also presents details of the Landfarms closure and post-closure activities, the closure 
and post-closure cost estimate, and evidence of the financial assurance. 

1.1 History of Landfarms Activities 

Between the mid 1970s and 1987, Chevron conducted landfarming operations at five locations within the 
Refinery. The landfarming was designed to promote biodegradation of oily soils that had been generated 
within the Refinery from various operations. 

On November 12, 1980, Chevron submitted Part A of the hazardous waste permit application for the 
Refinery, which included the five Landfarms. Subsequently, in February 1981, Chevron submitted Part B 
of the hazardous waste permit application as requested by the U.S. Environmental Protection Agency (U.S. 
EPA). Revisions to both Part A and Part B of the Resource Conservation and Recovery Act (RCRA) 
permit application were submitted in August 1984. On February 10, 1987, Chevron was notified that the 
Landfarms did not qualify for a hazardous waste permit because some of the permit conditions could not be 
met. In response to this condition, Chevron entered into a Consent Agreement with the U.S. EPA and 
DTSC to close the Landfarm units. 

Chevron submitted the original Landfarms Closure Plan on March 31, 1988, and initiated closure of the 
Landfarms under that plan in the first quarter of 1988. This plan included a Biodegradation Activities Plan 
that outlined details of how the Landfarms would be managed during the closure period to degrade org~ic 
residues in the soil. The closure period was estimated to require approximately five years. The plan also 
included a groundwater monitoring plan to evaluate the condition of the groundwater during the closure 
period. As part of the plan implementation, BEDM conducted a Reconnaissance Survey to evaluate the 
vertical and horizontal extent of residual oil in the Landfarms soils. This survey consisted of soil core 
sampling and soil pore liquid sampling. The results of the survey indicated that the zone of Landfarm 
influence ranged from 3 to 7 feet below ground surface (bgs) in No. 1 Landfarm, 3 to 5-1/2 feet in No.2 
Landfarm, 1 to 5 feet in No.3 Landfarm, 3-1/2 to 5 feet in No.4 Landfarm, and 2 to 4 feet in No.5 
Landfarm (BEDM, January 9, 1989). Results of the pore water testing indicated that concentrations were 
not statistically different from background levels. The study concluded that the time required to biodegrade 
the remaining constituents could range from 2.3 to 8.2 years, based on the presence of relatively immobile 
polynuclear aromatic hydrocarbons (PAHs). 

In response to the Regional Water Quality Control Board (RWQCB), San Francisco Bay Region's Order 
No. 89-175, Revised Waste Discharge Requirements for: Chevron U.S.A., Inc., Richmond Refinery, 
Richmond, Contra Costa County, Chevron and BEDM developed and constructed a Groundwater 
Protection System (GPS) for the Refinery. The objective of the GPS for the entire Refinery, including the 
Landfarms areas, is to establish and maintain a physical or hydraulic barrier to prevent the off-site 
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movement of potentially contaminated near-surface groundwater. Construction of GPS elements in the 
vicinity of the Landfanns began in 1990 and are scheduled to be completed in 1997. Details of the GPS are 
discussed in Section 3.6 of this document. 

On July 13, 1990, BEDM submitted the Landfarm Biodegradation Study Report presenting the progress of 
biodegradation activities to date (BEDM, July 13, 1990). The study consisted of compiling and evaluating 
monthly surface soil data to establish a baseline oil concentration value against which future data and 
trends could be compared. Based on the results of this study, BEDM recommended modifications to the 
Biodegradation Activities Plan. 

On February 27, 1992, BEDM submitted ·the Landfarms Bioremediation Assessment Report. The purpose 
of the assessment was to evaluate, with existing data, the effectiveness of biodegradation and to propose 
additional modifications to the Biodegradation Activities Plan. The report concluded that, although the 
total oil concentrations were decreasing at a very slow rate, biodegradation was likely to have been 
continuing. However, due to the nature of analytical methods used, the degree of biodegradation could not 
be quantified. Recommendations were made by BEDM regarding modifications to the Biodegradation 
Activities Plan and were subsequently implemented. 

On August 10, 1993, BEDM submitted the Landfarms Sampling and Analysis Report. The purpose of the 
investigation was to further evaluate the effectiveness of hydrocarbon biodegradation based on a 
comparison of the current data with the 1988 Reconnaissance Survey data. Results of this assessment 
indicated that the parameters analyzed were within the target range of levels necessary to support active 
hydrocarbon biodegradation. Based on these results, it was concluded that the Landfarrns had been 
operating as an active biodegradation unit and had been effective in reducing petroleum wastes applied to 
the ground surface prior to 1987. However, the degree to which constituents had been degraded suggested 
that biodegradation activities may have reached a point of diminishing returns. Therefore, BEDM 
recommended that landfarming activities be discontinued and the Landfarrns be permanently closed. 

On March 17, 1995, the DTSC issued a letter requesting a revised closure plan for the Landfarms (Letter 
from Lester Kaufman of DTSC to P.S. Williams of Chevron). Chevron requested BEDM to prepare a 
closure plan in response to the DTSC's request. The revised Closure Plan was submitted on June 21, 1995. 
The DTSC reviewed the plan for technical adequacy and issued a Notice of Deficiency (NOD) for the 
Revised Closure I Post-Closure Plan, Richmond Refinery Landfarm Nos. 1 Through 5, Chevron U.S.A. 
Products Company, Richmond, California, 94801 EPA !D. No CAD 009114 919 on August 15, 1995. 

At Chevron's request, BEDM prepared a second revision to the Landfarms closure plan, which was 
submitted to the DTSC on September 14, 1995. Following discussions with the DTSC, Chevron 
reconsidered their closure options in relation to a detailed review of the regulatory requirements for closure 
of land treatment units and requested the DTSC to discontinue reviewing the September 1995 plan. 
Chevron presented their revised conceptual plan to the DTSC in a meeting with Ms. Wei Wei Chui and Mr. 
Tony Morales of the DTSC, Elizabeth Christian of the Regional Water Quality Control Board (RWQCB), 
San Francisco Bay Region, and Mr. Ron Leach of the U.S. EPA on February 27, 1996. After reaching 
tentative consensus with the DTSC on the revised closure plan elements, Chevron requested BEDM to 
prepare this final revised closure plan. In the interim, the DTSC requested that Chevron submit documents 
on the following subjects for the DTSC' s review for the purpose of expediting approval of this plan: 

• A vegetation plan for the interim period prior to closure; 

• A GPS effluent sampling plan to evaluate the nature of the groundwater being removed from 
the Landfarms; 
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• The proposed final cover design; 

• The plan for free phase hydrocarbon recovery; 

• Piezometric monitoring around No. 1 Landfarm; and 

• The impact of the 250-Foot Channel on the Nos. 2 and 5 Landfarms. 

Consistent with the decision to close the Landfarms, active biodegradation activities were modified and 
Chevron submitted the Proposed Interim Vegetation Plan for Nos. 1 through 5 Landfarms (BEDM) to the 
DTSC on May 23, 1996. The plan specified the criteria and procedures that will be used to assure 
continued subsurface biodegradation at the Landfarms until the Post-Closure Maintenance Plan, contained 
in this Revised Closure Plan, is approved by the DTSC and implemented by Chevron. 

BEDM then prepared the Proposed GPS Effluent Water Sampling Plan (dated May 6, 1996), which has 
been transmitted to the DTSC by Chevron. The GPS sampling plan was developed to document that the 
groundwater being extracted from the vicinity of the Landfarms was non-hazardous. The results of this 
sampling plan to-date are discussed in Section 3.7 of this document. . 

The Final Cap Design Proposal (dated July 26, 1996) contained preliminary versions of Sections 4.0, 4.1 
and 4.2, Table 4-2, Plates 4-1 and 4-2, Drawings D-367512, D-367513, and D-367515, and Appendix 0 to 
this report. The design drawings have been revised to those submitted earlier to reflect changes in the 
surface drainage plan. 

2.0 FACILITY CONDITIONS 

2.1 General Refinery Information 

The Landfarrns are located within Chevron's Richmond Refinery. The Richmond Refinery is situated on 
2,800 acres roughly bounded by Castro Street to the East, Interstate Highway 580 to the South, and San 
Pablo Bay to the West and North. A map showing the location of the Refinery is presented on Plate 1-1. 

The Refinery street address is: 

Chevron Products Company 
Richmond Refinery 
841 Chevron Way 
Richmond, Contra Costa County 
California 94801 

The Refinery Mailing address is: 

Chevron Products Company 
Richmond Refinery 
P.O. Box 1272 
Richmond, California 94802-0272 
phone: (510)242-3000 

The facility is within the Richmond Township: 

Range 
Sections 

R054041MJW/mjw 

1 North 5 East 
2, 3, 4, 9, 10, 11, 14, 15, 16, 34, and 35 
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Principle Meridian 
Zoning 

Mt. Diablo Base Meridian 
M-3 Heavy Industrial 

The Richmond Refinery is situated at 37 degrees, 56 minutes, 30 seconds, N. latitude and 122 degrees, 23 
minutes, 30 seconds, W. longitude. The entire refinery is located between: 

Latitude: 
Longitude: 

37 degrees, 55 minutes, 17 seconds, to 37 degrees, 58 minutes, 30 seconds 
122 degrees, 22 minutes, 31 seconds, to 122 degrees, 25 minutes, 31 seconds 

t~:::.:· The principal products provided by this facility can best be described by the following Standard Industrial 
'· · Classification (SIC) Directory codes: .· 

1 

1. 

1 

r 

1 

2911 
·2869 
2819 

Petroleum Refinery 
Industrial Organic Chemicals 
Industrial Inorganic Chemicals 

A discussion of the Hazardous Waste Management Units located within the Refinery is contained in Part A 
of the RCRA permit application submitted by the Refinery in November 1980, and its revision submitted in 
August 1984. 

2.2 Landfarms Information 

2.2.1 General Description 

The Landfarms facility covers approximately 29 acres. The facility is made up of five separate areas 
designated Nos. 1 through 5 Landfarms. The locations of the five Landfarms are shown on Plate 1-1. All 
of the Landfarms areas are internal to the Refinery and are not adjacent to the perimeter of the Refinery. 
The approximate size of each Landfarm is as follows: 

No. 1 Landfarm 
No. 2 Landfarm 
No. 3 Land farm 
No.4 Landfarm 
No. 5 Landfarm 

13.5 acres 
8 acres 
3.5 acres 
3 acres 
1 acre 

The Landfarms are comprised of imported fill that was placed at the site prior to landfarm operation. The 
thickness of this fill ranges from 10 to 25 feet. The perimeter of each Landfarm is encircled by an above
grade berm designed to minimize access and surface water run on/runoff. A typical cross section of these 
perimeter berms is presented on Plate 2-1. The interior surface of each Landfarm is generally about 3 feet 
above the surrounding grade elevation, and is graded to control runoff. Plate 2-2 shows the existing 
topography for No. 1 Landfarm and Plate 2-3 shows the topography for Nos. 2 through 5 Landfarms. 

Access to the Landfarms facility is controlled by the Environmental Operations Section of the Refinery's 
Utilities/Environmental Area Business Unit (ABU). The Environmental Section's security measures are 
designed to prevent unknowing or unauthorized access to the Landfarms facility. 

Areas of the Refinery that do not border the Bay waters are secured by a 6-foot-high cyclone fence, which 
is generally topped by three rows of barbed wire. The only unfenced landward access to the Refmery is 
across Herman Slough from the property of Chevron Chemical Company, to which the public does not have 
access. 
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All unguarded gates are locked. In the case of the railroad gate, access is controlled electronically. Locked 
gates fall into two categories: 

Single-locked gates to which only assigned Refinery personnel have access; or 

Double-locked gates (cowboy locks) to which assigned Refinery personnel have access , as 
well as outside personnel who must service equipment within the area protected by the gate. 

Routine entry for Refinery personnel and approved contractors is through guarded gates. Visitors to the 
Refinery must enter and exit through guarded gates, and must be cleared by authorized personnel prior to 
entry. 

Warning signs are posted at 100-foot intervals around the perimeter of each Landfarm. These signs are 
posted in English and Spanish and bear the following wording: 

CAUTION 
HAZARDOUS WASTE 

STORAGE AREA 

UNAUTHORaEDPERSONS 
KEEP OUT 

CUIDADO 
ZONA DE RESIDUOS 

PELIGROSOS 

PROHIBA LA ENTRADA A 
PERSONAS NO AUTORIZADAS 

These signs are yellow and black, which is consistent with the general Refinery usage for caution signs. 
They each measure 10 inches high by 14 inches wide, and bear 2-1/2-inch yellow letters for the word 
"CAUTION" against a black background. The balance of the text is in 3/4-inch black letters against a 
yellow background. 

1 2.2.2 Regulatory Status 

r·· 

i 

As summarized above, Chevron submitted Part A of the RCRA hazardous waste permit application for the 
Richmond Refinery in November 1980 and Part B of the permit application in February 1984. Revisions to 
both Part A and Part B of the RCRA permit application were submitted in August 1984. The U.S. EPA, the 
California Department of Health Services (now the DTSC), and the RWQCB subsequently determined that 
the Landfarms did not qualify for a RCRA hazardous waste permit, primarily because the Landfarms lacked 
adequate separation between the treatment zone and the seasonal high groundwater table. The U.S. EPA 
then issued a Consent Agreement and Final Order in January 1988 to ensure that the Land farms are closed 
in accordance with applicable U.S . EPA regulations. The DTSC followed by issuing a Stipulation and 
Order to ensure that the Landfarms are closed in accordance with applicable California regulations. 
Chevron ceased all waste applications to the Landfarms in 1987 and submitted a Closure Plan to the U.S. 
EPA, DTSC, and RWQCB in April1988. 

In summary, the following orders and permits are directly applicable to the site: 
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• California Environmental Protection Agency Department of Toxic Substances Control 
(DTSC), 1988, Stipulation and Order (Docket No. HWCA 87188-019), March 23 (transmittal 
letter dated April 1, 1988). 

• California Regional Water Quality Control Board, San Francisco Bay Region (RWQCB), 
1993, Order No. 93-109, Order to Revise and Rescind Order No. 89-175, Waste Discharge 
Requirements for: Chevron U.S.A., Inc., Richmond Refinery, Richmond, Contra Costa 
County, September 15. 

• 

• 

DTSC, 1992, Hazardous Waste Facility Permit for a Hazardous Waste Treatment and 
Storage Facility, September 10. 

United States EnvironmentalProtection Agency, Region 9 (U.S.EPA), 1988, Agreement and 
Final Order, RCRA 09-88-0005, January 20. 

• U.S.EPA, 1990, Administrative Order on Consent (Docket No. RCRA-09-89-0010), June 18. 

In addition, the Refinery's treated effluent water is governed by a National Pollutant Discharge Elimination 
System (NPDES) permit administered by the RWQCB (Order No. 92-111). 

2.2.3 Waste Characteristics 

For discussion purposes, the Landfarms were divided into three areas. Area I includes No. 1 Landfann, 
Area II includes Nos. 2, 4, and 5 Landfanns, and Area ill includes No.3 Landfarm. The Landfanns were in 
operation for the biological treatment of oily wastes generated form on-site petroleum processing from the 
mid-1970's to 1987. The principle wastes applied were oil!water separator sludge (Nos. 1, 2, 4, and 5 
Landfanns), non-leaded tank bottoms (Nos. 1, 2, 3, and 4 Landfarms), oil!water mixtures, algae water, pond 
sediments and oily dirt. When in operation, wastes were applied to the surface of the Landfarms and tilled 
into the top 6 to 12 inches. Prior to 1980, no data are available on waste application rates to the Landfarms. 
Since 1980, a total of 188,000 tons of waste were applied to the Landfarms. The characterization of the 
Landfarms wastes presented herein is based on the results presented in the Landfarms (Soil) Sampling and 
Analysis Report (BEDM, August 10, 1993). Additional information on the waste application history can 
also be found in the 1993 document. 

Waste characterization was evaluated based on four criteria: ignitability, corrosivity, reactivity and toxicity. 
The definitions used in this investigation for the characterization of hazardous waste are defined in 
California Code of Regulations, Title 22, and are summarized below: 

• 

R05404/MJW/mjw 

Ignitability: A substance is considered hazardous when the flash point is below 140° F 
(60° C). 

Corrosivity: A substance is considered hazardous when the pH is less than or equal to 2.0, or 
greater than or equal to 12.5. 

Reactivity: A substance is considered hazardous if~ when exposed to conditions of pH 
between 2.0 and 12.5, toxic gases (hydrogen sulfide [H2S] and hydrogen cyanide [HCN]) are 

generated at levels that present a danger to human health or the environment. The current 
EPA action levels are 500 mg/kg for H2S and 250 mg/kg for HCN. 

Toxicity: A substance is considered hazardous when the total metals concentration is greater 
than the corresponding Total Threshold Limit Concentration (TTLC) value or when the 
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soluble metal concentration, following the Waste Extraction Test (WET), is greater than the 
corresponding Soluble Threshold Limit Concentration (STLC) value. 

2.2.3.1 Area I 

The flash point was above the ignitability criterion of 140° Fin all Area I samples. The corrosivity 
measurements were recorded between pH 5.1 and pH 8.4. Hydrogen cyanide was not detected in any of the 
samples. Area I reported 8 detections of hydrogen sulfide ranging from 4.5 mg/kg to 150 mg/kg. 

There were no metals detections greater than the TILC value in Area I. Only 1 sample had a WET result 
greater than the respective STLC value.: Mercury in 1 sample was above the STLC value of 0.2 mg!L at a 
concentration of 0.25 mg!L. This value is considered suspect because the total concentration of mercury 
was insufficient to account for a soluble concentration of 0.25 mg!L. 

Based on an evaluation of the vertical distribution of constituents in soils samples, the zone of influence of 
the Landfarms wastes ranges from 3 to 7 feet bgs. 

2.2.3.2 Area II 

All Area II samples had a flash point above the ignitability criterion of 140° F. The corrosivity 
measurements were recorded between pH 5.6 and pH 8.1. Hydrogen cyanide was not detected in any of the 
samples; there were, however, 6 detections of hydrogen sulfide ranging from 4 mglkg to 196 mg/kg. There 
were no metals detections greater than the TTLC value in Area II. No WET sample results were greater 
than the respective STLC value. 

No samples in Area II were found to exceed hazardous waste characterization criteria. The zone of 
influence in Area II ranges from 2 to 5.5 feet bgs. 

2.2.3.3 Area III 

All Area III samples had a flash point above the ignitability criterion of 140° F. The corrosivity 
measurements were recorded between pH 5.1 and pH 7 .8. Hydrogen cyanide and hydrogen sulfide were 
not detected in any of the samples. There were no metals detections greater than the TTLC value in 
Area III. No WET sample results were greater than the respective S1LC value. 

No samples in Area III were found to exceed hazardous waste characterization criteria. The zone of 
influence in Area III ranges from 1 to 5 feet bgs. 

2.2.3.4 Soil Physical Characteristicss 

Physical testing and field observations of the Landfarms soil texture ~uggested the soils are fine-grained 
silts and clays, with some residues of construction debris from the original fill. Based on the fine-grained 
nature of both upper and lower fill, the permeability of the fill strata to both liquids and gases is relatively 
low. As a result, slow infiltration and areas of ponded water have been observed at the Landfarrns during 
precipitation cycles. Comparing the observed soil moisture content to the field capacity (defined as the soil 
moisture content of a well-drained soil 2 to 3 days after saturation) suggests that most soil samples were at 
or above the field capacity moisture content. This fact along with the estimate of the air-filled pore space 
suggest that the Landfarrns soils are poorly drained, possibly limiting the gaseous transport from the surface 
to the subsurface soils. 
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2.2.4 1988-1995 Bioremediation Activities 

Landfanns activities in the period from 1988 to 1995 were performed in accordance with the U.S. EPA 
Refinery Landfann Consent Agreement (January 1988), the California Environmental Protection Agency 
(California EPA) Stipulation and Order (April 1988), and subsequent negotiations with the California EPA 
(now DTSC). The objective of the landfanning activities performed in that period was to optimize soil 
physical, chemical and biologic conditions in order to maximize biodegradation of organic wastes. The 
Landfanns operations included regularly scheduled soil tilling, irrigation, runoff control, addition of soil 
amendments (fertilizers and nutrients), and a soil and groundwater monitoring program. 

The Landfanns Soil Monitoring Program was conducted in accordance with the 1988 Landfanns Closure 
Plan to document the progress of bioremediation and to guide Landfanns watering and fertilizing practices. 
The monitoring program, in its fmal form, included monthly soil sampling for pH, oil content, moisture 
content, and microbe count; and quarterly for specific conductance, phenol, total phenolics, total organic 
carbon (TOC), and four metals: chromium, lead, nickel, and vanadium. The results of these tests were 
compiled quarterly in the Landfann Soil and Groundwater Monitoring Program Reports and submitted to 
the U.S. EPA, the DTSC, an:d the RWQCB. Information on the chemical and agricultural characterization 
of the Landfanns soils is contained in the quarterly reports, as well as in the Landfarms (Soil) Sampling and 
Analysis Report(BEDM, August 10, 1993), and are not repeated in this document. 

Information collected during the Landfanns Soil Monitoring Program was used to optimize soil conditions 
for aggressive biodegradation of the residual petroleum hydrocarbons. The effectiveness of the soil 
optimization activities was evaluated in the Biodegradation Activities Report (BEDM, 1992) and again in 
the Landfarms (Soil) Sampling and Analysis Report (BEDM, August 10, 1993). The Biodegradation 
Activities Report presented a comprehensive summary for the chemical constituents present in the 
Landfanned soil, a discussion of sources generating the soil, and histogram plots showing the trend of 
concentrations against time. The Landfann (Soil) Sampling and Analysis Plan evaluated the condition of 
the Landfanns soil at the same locations as those evaluated in 1989. The conclusion was reached that the 
ongoing active biodegradation activities had reached a point of diminishing returns and that the Landfanns 
should be covered with a vegetative cap to allow continued passive biodegradation. 

2.2.5 Interim Vegetation Plan Activities 

As outlined in the interim vegetation plan, Chevron is in the process of optimizing a vegetated surface on 
the Landfann soils to promote continued biodegredation of the residual waste constituents until the fmal 
closure cover is installed. The activities currently performed on the Landfarms fall into the two general 
categories that include operations and monitoring. The objectives of the Landfanns operations are to: 
1) continue degrading residual organic waste constituents present in the Landfanns soils (primarily in the 
top 12 inches of the soil); 2) maintain conditions that reduce the potential for metals to become solublized 
in the soil; and 3) prevent the erosion of the Landfanns soils and berms by wind and water. The objectives 
of monitoring include: a) tracking the types and concentrations of organic and inorganic hazardous waste 
constituents in the groundwater; and b) assessing the need for soil amendments to promote the growth of 
surface vegetation. A brief description of the interim vegetation plan is presented below. 

2.2.5.1 Interim Landfarms Vegetation Activities 

Vegetation Status Monitoring- A survey of the vegetated surface of the Landfarms is performed quarterly 
to evaluate plant germination, irrigation, and the need for fertilization, mowing and reseeding. The surveys 
identify the appearance and nature of vegetative cover on the surface of each Landfann, symptoms of 
drought stress, chlorosis (indicative of nutrient deficiency), and the need for mowing and/or reseeding. 
Maintenance modifications, such as fertilizing, reseeding, and/or irrigation, will be made to address 
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observations made during the surveys and promote a healthy vegetated surface. These modifications and 
their resulting effectiveness will be documented in Semi-Annual Landfarms Status Letters. 

Mowing I Reseeding- The composition and extent of vegetation present on each Landfarm will largely 
determine the need to mow and/or reseed. Winter annual grasses such as oats (Aventa sativa) and ryegrass 
(Poa annua) normally set seed in spring and early summer and then turn brown and die. If mowed and 
irrigated, some winter annuals will stay green longer into the summer. Mowing winter annuals would be 
coupled with over-seeding with common perennial grass/legume mixtures used to maintain year-round 
vegetative cover. The grass/legume mixture recommended for over-seeding or reseeding Land farm soils 
includes: 

• "Alta" tall fescue (Festuca arundinacea); 
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• Rose clover (Trifolium prateuse); 

• White clover (Trifolium repens); 

• Birdsfoot trefoil (Lotus corniculatus); 

• Blue wildrye (Elymus glaucus); 

• Creeping wild rye (Elymus triticoides); 

• Bermuda grass (Cynodon dactylon): and 

• California brome (Bromus carinatus) . 

These species are adapted to the Northern California climate and soils, and have been used by various State 
agencies for vegetation projects. 

Irrigation - Irrigation is supplied to the Landfarms soils to enhance seed germination and to meet plant 
water requirements throughout the warm months when plant evapotranspiration requirements exceed 
rainfall. An electronically controlled stationary sprinkler system is used to irrigate Nos. 2 through 5 
Landfarms as well as a portion of the No. 1 Landfarrn. The balance of the No. 1 Landfarm is inigated with 
a self-propelled linear sprinkler system. Treated Refinery effluent water that meets the NPDES pennit 
requirements for discharge is used as the water supply for irrigation. Consistent with the current 
Biodegradation Activities Plan, the target soil moisture content is between 6 and 20 percent. To ensure that 
the irrigation schedule is adequate, soil moisture monitoring is conducted as part of the soil monitoring 
program (see Section 2.2.3.3). Results of the soil moisture monitoring will be included in the Semi-Annual 
Landfarms Status Reports. 

Stormwater Runoff and Run-on .Control- The surface of each Landfarm is graded to control the runoff 
of rainwater. The interior grading of the Landfarms causes rainwater to pond in a single low area in each 
Landfarm. When rainwater has ponded in the Landfarms, it is pumped out for treatment in the Refinery 
effluent treatment system. The first stormwater of the season is sampled and analyzed to verify its 
suitability for discharge to the Refinery effluent treatment system. Historical results have confirmed that 
the chemical nature of the stormwater meets effluent treatment system requirements. 

Surface water run-on at the Landfarms is prevented by means of above-grade berms that encircle the 
perimeter of each Landfarm. These berms prevent stormwater in the adjacent areas from running onto the 
surface of the Landfarrns. 

General Maintenance- In addition to the above-mentioned activities, the Landfarms are surveyed weekly 
to check the integrity of the berms and the general condition of the facility. Berms are repaired if any 
erosion is observed. The vegetative cover on the berms, warning signs, and operating equipment are also 
regularly maintained. 

2.2.5.2 Monitoring 

Soil Monitoring Program - The objective of the Soil Monitoring Program is to document maintenance of 
soil nutrients, pH, and to evaluate soil conditions for plant growth. To meet these objectives, Chevron will 
collect a minimum of one sample per acre within each Landfann from the surface to 1 foot below ground 
surface (bgs) on a quarterly basis. The sample locations will be identified and sampled in accordance with 
the Landfarrns Quarterly Soil Monitoring procedures included in the initial Closure Plan (Chevron, 1988). 
The collected samples will be analyzed for the following: 

• Water soluble ammonia by EPA method 365.3; 

• Total acid soluble potassium by EPA method 601 0; 

R0540-t/MJW /mjw 9 1:!196 



! .·. :~'" 

f 'i!\·'· 

·~':~ 

r.,·'. 
: .. L: .,I 

t'·'-" 

•]•:.:\') 

:· ~: ' 

r 
\ 
r·· 

( ·~ 
~ 

1 ... 

1 

.. .. -" 

l 

• 
• 
• 

Water soluble orthophosphate by EPA method 300.0; 

Acid hydrolyzed phosphate by EPA method 365.3; 

Soil pH; and 

• Total heterotrophic bacteria enumeration (semi-annually only). 

In addition to the quarterly monitoring, weekly monitoring of the soil moisture will be conducted at 
locations where there is evidence of insufficient irrigation and/or dry soil. The irrigation plan will be 
adjusted as necessary to address areas of insufficient soil moisture. 

Groundwater Monitoring Program - Quarterly groundwater sampling is performed for the Landfarms 
facility. The results of the chemical analyses performed on the samples are presented in the Landfanns 
Groundwater Monitoring Program Quarterly Reports that are submitted to the U.S. EPA, DTSC, and the 
RWQCB. The groundwater monitoring program involves the sampling of 24 Landfanns area monitoring 
wells and 5 background monitoring wells. A summary of the Landfanns Groundwater Monitoring Program 
is presented in Section 3.5 .below. 

It has been generally recognized by Chevron and the various regulatory agencies that there is no physical 
separation between the wastes in and under the Landfanns and the first underlying groundwater table, 
leaving no clean vadose zone to monitor for the migration of constituents. Therefore neither the U.S.EPA 
nor the DTSC require Chevron to perform vadose zone monitoring. Section 3.6 discusses the corrective 
actions Chevron has implemented for the potentially contaminated "A" Zone groundwater. 

2.2.5.3 Reporting 

The results of the quarterly reconnaissance of the Landfanns vegetation and surface soil conditions will be 
presented to the DTSC in the Semi-Annual Status Letter. The status letter will summarize observations of 
the Landfarms vegetation and soils analysis, coupled with a description of the modifications made to the 
operating procedures including mowing, reseeding, irrigation cycles, microbial counts, and fertilizer 
requirements in response to the quarterly results received. 

2.3 Climatology 

The marine climate at the Refinery is characterized by prolonged, essentially rainless periods during half of 
the year, with most of the precipitation falling between the months of November and March. Based on the 
rainfall data collected between 1950 and 1994 at the City of Richmond's City Hall, which is located 2-1/4 
miles southwest of the site, the mean annual precipitation is 22.0 inches. The m~imum annual recorded 
rainfall is 45.77 inches and occurred between July 1, 1982 and June 30, 1983. The minimum annual 
recorded rainfall is 9.05 inches and occurred between July 1, 1975 and June 30, 1976. The maximum 
recorded 24-hour rainfall is 6.83 inches, recorded on January 4, 1982. 

As presented in the U.S. Department of Commerce Technical Paper No. 40, Rainfall Frequency Atlas of the 
United States for Durations from 30 Minutes to 24 Hours and Return Periods from 1 to 100 years (May, 
1961), the precipitation depth for a 24-hour event with a 100-year return frequency at the Refinery is 5.6 
inches. Precipitation duration-frequency curves are not available for a 1,000-year recurrence interval. 
Therefore, the rainfall value for a 1,000-year return period, 24-hour event was extrapolated from the data 
prepared by the U.S. Department of Commerce for recurrence intervals of 1, 2, 5, 10, 25, 50, and 100 years. 
The extrapolated depth of precipitation was calculated to be 7.4 inches, as presented in the Landfill 15 
Facilities Construction Workplan (BEDM, April 30, 1992). 

Castro Creek is located in the eastern portion of the Refinery (Plate 2-4). The current flood hazard rating 
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maps for Castro Creek (FEMA, 1978), adjusted for more recent tidal elevation data (United States Corps of 
Engineers, 1984) indicate that the still water level in Castro Creek is not expected to rise above an elevation 
of 8.6 feet Richmond Refinery Datum (RRD) during a 1 00-year storm event (Elevation 0 RRD corresponds 
to Elevation -2.2 feet National Geodetic Vertical Datum of 1929). 

2.4 Surface Water 

As described in the Refinery-Wide Report ofWaste Discharge (ROWD, Dames & Moore, August 31, 1988), 
several surface water bodies exist within a one-mile radius of the Richmond Refinery perimeter. Those 
identified include the saline waters of the San Francisco and San Pablo Bays, and the man-made shipping 
harbor channel, Santa Fe Channel, and the Lauritzen Canal. Wildcat Creek and San Pablo Creek are two 
tidally influenced freshwater streams located northeast of the Refinery. Castro Creek is located on the 
boundary between the Chevron Refinery property and the Chevron Chemical property. Two marsh areas 
are located north of the Refinery between San Pablo Creek and Wildcat Creek. These contain many small 
tidal tributaries that drain and feed the marshes. Seasonal changes in surface water and representative 
chemical analyses are discussed in the 1988 Refinery-Wide ROWD. 

The surface water bodies that lie in the vicinity of the Landfarms facility are: Castro Creek (800 feet from 
No. 3 Landfarm), Herman Slough (2,000 feet from No. 3 Landfarm), Wildcat Creek (2,500 feet from No. 3 
Landfarm), and Castro Cove (2,500 feet from No. 1 Landfarm). These surface water features lie in the 
north and eastern portions of the Refinery, to the north of the Land farms (Plate 2-4). 

3.0 GEOLOGIC AND HYDROGEOLOGIC CONDITIONS 

The regional geologic setting of the Richmond Refinery is described in detail in the 1988 Refinery-Wide 
ROWD. Excerpts of the geology section as it pertains to this closure plan are included in the following 
sections. The seismic setting section from the 1988 Refinery-Wide ROWD is included in its entirety in 
Appendix C. A supplementary section discussing the expected Maximum Credible Earthquake (MCE) for 
the site can be found in Section B .2.2.2 of Appendix B. 

3.1 Regional Geology 

The Refinery is located within a localized northwest trending graben, or trough, along the eastern margin of 
San Francisco Bay, as shown on Plate 3-1. Franciscan bedrock below the graben has been down-dropped 
along the now inactive San Pablo Fault, which parallels the eastern face of the Potrero-San Pablo Ridge, 
and along the Hayward Fault Zone, which forms the western scarp of the Berkeley Hills. 

Throughout the Pleistocene, there were cycles of sea level rise and fall. Because the site is located near the 
edge of the inundated zone, in an area that is nearly level, even minor fluctuations in the Bay water level 
would have resulted in extensive interfingering of alluvial and estuarine sediments as the site area 
underwent episodic shallow flooding. Because of uncertainty surrounding the stratigraphic classification of 
the Pleistocene bay and alluvial sediments, the interfingering alluvial and estuarine deposits underlying the 
site have been identified only in terms of their environments of deposition rather than by correlation with 
deposits in other parts of the Bay. The Refinery can be subdivided geologically into two areas: the Bay 
margins and the Potrero-San Pablo Ridge. 

3.1.1 Bay Margin Area 

In general, the developed portions of the Refinery in the flat Bay Margin zone are underlain by a layer of 
fill that ranges in thickness between 2 and 15 feet. Below the fill is a layer of soft silty clay with organic 
matter known as Young Bay Mud. The upper 2 to 3 feet of the Young Bay Mud layer are generally peat
rich . The configuration of the bottom of the Bay Mud seems to define a northwest trending valley that 
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parallels the Potrero-San Pablo Ridge and an east-west trending valley through the center of the Refinery 
(Dames & Moore, 1981). The thickness of the Bay Mud under the Refinery ranges from 60 feet, below the 
No. 1 Oxidation Pond northwest dike, to 4 feet, below the Kelham Warehouse parking lot near the junction 
of Interstate 580 and Castro Street. East of Castro Street and toward the Potrero-San Pablo Ridge, the Bay 
Mud pinches out, and it is not present in areas landward of and higher than the 1898 shoreline. In these 
areas, recent fill is underlain by alluvium. 

In areas where the Young Bay Mud is present, it is underlain by 3 to 15 feet of a stiff silty clay known as 
Old Bay Mud, which is underlain in turn by a thick sequence of interfingering alluvial fan and estuary 
deposits over Franciscan bedrock. The Young Bay Mud and Old Bay Mud are the most recent estuary 
layers in the alluvial/estuarine sequence:described below. 

The alluvial deposits are highly variable, ranging from brown and grayish-brown silty clays to silty sands 
with occasional fine gravel lenses. This variability reflects two major processes. The first is the internal 
depositional regime of the alluvial fans, which are formed as sediment is gradually eroded from hills and 
deposited in a series of poorly sorted sheet wash deposits. In general, coarser gravel and sands are 
deposited in the upper, or proximal, part of the fan, while silts and clays are deposited out along the more 
flat-lying, distal portion of the fan. The second process takes place as runoff channels on the fan surface 
further transport and sort sediments of varying size, and large storms carry pulses of coarse sediment onto 
the distal end of the fan. 

The basic alluvial fan structure has been complicated by sea level changes that may be related to 
Pleistocene glacial cycles. As sea level rises and falls, the fan base level changes so that the boundaries of 
the proximal and distal environments, gradational in any case, are constantly migrating. In addition, the 
fans that overlapped in the Refinery area originated from two sources, the Berkeley Hills to the east acting 
as the major sedimentary source with the Potrero-San Pablo ridge yielding smaller quantities of material. 

The estuary deposits generally consist of brownish-gray to gray silty clays and clayey silts that were 
deposited in the shallow marine environment of the early Bay. These clays can be calcareous and 
frequently contain shell fragments. Localized thin sandy deposits within the estuarine sequence could 
represent former tidal inlets or channels within the estuary environment. Because the Refinery is located 
near present and past Bay shorelines, the estuary sediments frequently contain an alluvial component. In 
general, the shallow, near-shore environment receives an influx of alluvial sands and silts, which are then 
reworked by current action and benthic organisms. 

Bedrock under the Refinery consists of sandstones and siltstones of the Franciscan Formation, and its depth 
is variable. It can be found at the surface in the form of the Potrero-San Pablo Ridge. 

3.1.2 Potrero-San Pablo Ridge 

The ridge areas are typically underlain by thin soil and colluvium, over bedrock. The colluvium typically 
consists of gravelly clay with angular rock fragments. In downslope areas near the flatland, it is anticipated 
there will be alluvial deposits as described in Section 3 .1.1, which may be locally covered by structural 
fills, overlying colluvium. The underlying bedrock consists of sandstones and shales of the Franciscan 
assemblage. 

3.2 Site-Specific Geology 

Based on the regional geologic setting described above, the Refinery has been divided into four 
physiographic/geologic provinces: the "Flats", the "Ridge", the "Alluvial", and the "Transition" Zones 
(Plate 3-2) . The Flats Zone comprises the flatland Bay Margin areas adjacent to San Pablo Bay that were 
once marshlands. The Ridge Zone comprises the San Pablo Ridge above an elevation of approximately +50 
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feet RRD. The Alluvial Zone comprises flatland areas of alluvial fan deposits, derived from the Berkeley 
Hills, east of the Refinery. The Transition Zone is the area that separates the Flats Zone from the Alluvial 
Zone and the Ridge Zone. 

The Landfarms are located in the Flats Zone of the Refinery. Site stratigraphy in this area is interpreted 
from observation of surface conditions and the evaluation of data obtained from monitoring wells and 
borings drilled during the Landfarms Reconnaissance Survey (Dames & Moore, January 9, 1989) and 
previous studies in the vicinity. The locations of geologic cross sections through the Landfarms are shown 
on Plate 3-3. The stratigraphy beneath No. 1 Landfarm is shown on Plate 3-4. The stratigraphy beneath 
Nos. 3 and 4 Landfarms is shown on Plate 3-5. Details regarding site groundwater conditions are presented 
in Section 3.3. 

The stratigraphic units within this area consist of fill that is underlain, in order, by Young Bay Mud, Old 
Bay Mud, inter-fingering alluvial and estuarine deposits, and Franciscan bedrock. Bedrock was not 
encountered in any of the borings drilled within the area and none of these borings extended through the 
alluvial/estuarine deposits. Therefore, the actual thickness of the alluvial/estuarine deposits beneath this 
area is unknown. The presence of bedrock is inferred based on borings drilled elsewhere in.the Refinery 
and on exposures in the adjacent hills. Bedrock probably occurs at a depth greater than 200 feet beneath 
the Landfarms. The artificial fill and underlying units are discussed below. · 

1 3.2.1 Fill 

I ~·· 

l 

Fill at the Landfarms generally consists of two stratigraphically distinct layers that differ in color, grain 
size, and material type. The upper layer, or Landfarms fill, is 1.5 to 7.5 feet thick and consists of dark gray 
to brown silty clay with black mottling, plant roots, and scattered gravel and sand. Currently, each 
Landfarm fill zone is tilled and watered and has soil amendments added to promote biodegradation. The 
lower fill layer (the fill underlying the upper Landfanns fill) ranges from 3 to 19 feet, and is generally 
composed of gravelly to silty clay with variable amounts of gravel, sand, silt, man-made materials such as 
brick, concrete and glass, and pockets of black, soft sludge (silty clay saturated with oily and tarry 
substances). The present location of the northwestern part of the No. 1 Landfarrn and the Isomax Plant area 
to the north of the No. 1 Landfarm and the present Nos. 2 through 4 Landfarms areas were underlain by 
several ponds that were backfilled. A detailed summary of the history and a chemical characterization of 
the landfills are presented in the RCRA Facilities Investigation for the Landfills Under Isomax and No. 1 
Landfarm and Landfill Under Nos. 2 and 3 Landfarms (BEDM,.November 24, 1992). The pockets of 
sludge found within the lower fill probably represent old fill material and oily wastes within the ponds. 
Portions of the lower fills have been historically described as "the Landfills beneath the Landfarms." A 
description of the former ponds and pre-Landfann fill material is presented in the Biodegradation Activities 
Report (BEDM, 1992) and the RCRA Facilities Investigation, referenced above. 

3.2.2 Young Bay Mud 

The Young Bay Mud underlies the fill, overlies the Old Bay Mud, and ranges between 5 and 30 feet in 
thickness beneath the Landfanns. The Young Bay Mud generally consists of dark brown to dark gray, soft 
to medium-stiff silty clay that contains varying percentages of organic material, peat, and occasional sandy 
units. Trace to abundant amounts of peat are present in the upper 1 to 7 feet of the Young Bay Mud and are 
referred to as the Peaty Bay Mud unit. The available stratigraphic data suggest that the Young Bay Mud 
thins in a southeasterly direction toward Castro Street and in a southwesterly direction toward San Pablo 
Ridge. 

3.2.3 Old Bay Mud 

The Old Bay Mud is generally stiffer than the overlying Young Bay Mud and ranges from 1 to 15 feet thick 
beneath the Landfarrns. The Old Bay Mud consists of bluish to greenish gray, medium-stiff to stiff silty 
clay that contains organic material and local trace amounts of sand. _The Old Bay Mud also thins to the 
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The alluvial and estuarine deposits are inter-fingered, laterally variable, and generally stiffer and more 
consolidated than the overlying Bay Mud deposits. The alluvial sediments range from silty clays and sandy 
silts to silty sands, and vary from brown to olive-gray in color. The estuarine deposits are commonly finer 
grained, consisting of silty clays with local sand lenses and traces of gravel. Color may vary from dark gray 
to mottled orange, brown and gray. Lenses of coarse material within the estuarine deposits probably 
represent former tidal channels or inlets. Jbe complex inter-fingering of the alluvial and estuarine deposits 
is related to periods of submergence and emergence of the shoreline environment during past fluctuations 
in sea level. 

3.3 Regional Hydrogeology 

Six water-bearing zones (de.signated A through F) have been identified in the unconsolidated. sediments 
beneath the Refinery (Dames & Moore, 1981). Four of the uppermost zones (designated A, C, B, and Din 
order with increasing depth) have been investigated by means of observation wells, water sampling, and 
chemical analyses. Each of the zones is separated by a layer of either Bay Mud or estuarine clay, which 
acts as an aquitard between water-bearing units. 

In general, groundwater flows to the northeast, from the San Pablo Hills toward San Pablo Bay, and to the 
northwest from the Berkeley Hills toward San Francisco Bay. Groundwater flow rates are relatively low 
beneath the Refinery due to the heterogeneity and low permeability of the sediments in each of the water
bearing units. Hydraulic characteristics for the upper units were investigated by Dames & Moore (Dames 
& Moore, 1985, 1988) and were used to estimate average flow rates for the various units. The flow rates 
were previously estimated (Dames & Moore, 1988) by calculating the average linear horizontal flow 
velocity using the equation: 

V= (kin) I 

Where: V =linear velocity 

k =permeability 

n = porosity 

I = hydraulic gradient 

Based on previous investigations (Dames & Moore, 1985, 1988) and our understanding of soil conditions at 
the site, the porosity was assumed to be 0.3. Average permeabilities for the "A" and "C" Zones were 
established by conducting limited aquifer testing in 9 "A" Zone wells and 2 "C" Zone wells throughout the 
Land farm area. Permeability in the "B" Zone were calculated from a number of "B" Zone wells throughout 
the Refinery. 

A summary of the aquifer properties and average flow rate ranges in the Landfarms area is presented 
below. 
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ZONE CASE HORIZONTAL AVERAGE AVERAGE 
PERMEABILITY I HYDRAULIC HORIZONTAL 

GRADIENT VELOCITY 
(CM/SEC) 

(Ff/FT) (FriDAY) 

A Minimum 1.4 X lo-7 0.001 1.3 X 10-6 

A Maximum >lo-3.· 0.001 9.5 X lo-3 

c Minimum 5.5 X 10-4 0.1 5.2 X lo-3 

c Maximum 9.7 X 10-4 0.8 4.2 X lo-3 
.. 

B Minimum 1.0 x 1o-6 0.001 9.4 X 10-6 

B Maximum 3.0 x 1o-2 0.001 2.8 X 10-1 

1. Wells with slow rech.arge and untested aquiclude layers were assigned a horizontal permeability of l.Oxl0-7 em/sec. 

The two water bearing zones nearest the surface of the Landfarms ("A" Zone and "C" Zone) contain 
brackish water, have never been suitable for use as drinking water, and can not be practically used for any 
beneficial purpose. The uppermost potentially usable "aquifer" underlying the site occurs at an 

approximate depth of 100 feet ("B" Zone). Chemical test results have shown that this water-bearing zone is 
effectively separated from overlying water-bearing units by a thick layer of estuarine clay and is more 
representative of fresh water as opposed to the brackish water typical of the shallower water-bearing units 
(Dames & Moore 1985, 1988). This distinction is enhanced by hydraulic separation due to an upward 
component of the groundwater gradient from the lower "B" Zone into the upper "A" and "C" Zones 
(Dames & Moore, 1985). Based on the hydrogeologic data collected across the Refinery, it does not appear 
that features such as faults or other natural features exist beneath the Landfarm area. The lack of such 
features suggests that conduits ~o not exist which prevents an artificially enhanced downward migration of 
chemical constituents. The "B" Zone is further protected by the nature of the contaminants; being light 
non-aqueous phase liquids which float on the groundwater as opposed to dense non-aqueous phas~ liquids 
which tend to sink to the bottom of aquifers (BEDM, 1992, 1993). 

3.4 Site-Specific Hydrogeology 

Two upper groundwater zones appear to be continuous across the Landfanns areas. For the purposes of 
this report, and to be consistent with other groundwater studies in this area, we have designated the zones 
"A" and "C," with increasing depth. 

3.4.1 "A" Water Table Zone 

The "A" Zone, or water table zone, is a brackish water-bearing zone that is usually encountered at depths 
less than 15 feet bgs. The "A" Zone water table contour maps for this zone during the second quarter 1996 
are shown on Plates 3-6 and 3-7. A Refinery-wide contour map for the second quarter of 1996 is presented 
on Plate 3-8. 
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Soils within the "A" Zone typically consist of fill materials and the upper organic-rich portion of the Young 
Bay Mud, referred to as Peaty Bay Mud. These "A" Zone soils are underlain by the peat-free portion of 
Young Bay Mud and Old Bay Mud. The "A" Zone matrix is highly variable, consisting of s'ilty, sandy and 
gravelly clay with low to moderate hydraulic conductivities and silty sand and gravel with moderate to high 
hydraulic conductivities. The Peaty Bay Mud may be orders of magnitude more permeable than the 
relatively peat-free Bay Mud and, therefore, is considered to be part of the "A" Zone. The peat-free portion 
of the Young Bay Mud and the Old Bay Mud together act as a low-permeability barrier, or aquitard, 
between the "A" and "C" Zones. 

Overall "A" Zone flow in the Flats Zone ~t the Refinery is northeast toward the Bay. However, local 
mounding of groundwater occurs in the vicinity of the Landfarms. This mounding, due to watering 
activities on the Landfarms, causes local reversals in gradient. Once the proposed Landfarm vegetative 
cover becomes fully established and acts to reduce infiltration, the local mounding of the water table will 
likely be reduced and the gradient will resume an overall northeasterly direction under No. 1 Landfann. 
Groundwater flow under Nos. 2 through 5 Landfarms will be toward the existing and plann~d groundwater 
extraction systems; Other anthropogenic features that affect the configuration of the water table surface in 
the vicinity of the Landfarms include the 250-Foot Channel, the Bioreactor, and the Water Enhancement 
Wetlands Project (Plate 2-4). 

Groundwater flow in the "A" Zone beneath the Landfarms is expected to be relatively slow due to the low 
hydraulic conductivity of the fill material. Based on aquifer tests conducted in 6 wells in the No. 1 
Landfann area and 9 wells in the Nos. 2 through 5 Landfarms area, hydraulic conductivities in the No. 1 

Land farm area range from 2.52x 1 o-5 em/sec to greater than 1 o-3 em/sec, with an average of 2.0x 104 

em/sec. Hydraulic conductivities in the Nos. 2 through 5 Landfanns area range from 1.4x1o-7 em/sec to 

greater than 1o-3 em/sec, with an average of 1.8x1o-5 em/sec. As can be seen on Plates 3-6, 3-7, and 3-8, 
the groundwater gradient across the Landfarms away from the influence of GPS is relatively flat and, when 
coupled with the low hydraulic conductivity, suggests a slow component of groundwater flow. 

3.4.2 "C" Zone 

The "C" Zone is a brackish water-bearing zone underlying the Bay Mud and generally occurring between 
approximately 20 and 110 feet bgs in the Land farms areas. The "C" Zone comprises a stratigraphic interval 
between aquitards that separates it from the overlying "A" Zone and the underlying "B" Zone and is 
comprised primarily of lower-permeability alluvial and estuarine silts and clays. A number of intermittent 
sandy lenses occur at different depths and locations within the "C" Zone deposits. In general, these sandy 
lenses do not appear to be laterally continuous. The "C" Zone water level contour map for the second 
quarter 1996 is shown on Plate 3-9. In general, "C" Zone water levels indicate a lateral gradient toward the 
southeast beneath the No. 1 Landfarm and to the west beneath the Nos. 2 through 5 Landfarms. 

Groundwater flow in the "C" Zone beneath the Landfarms is also expected to be relatively slow for the 
same reasons as in the "A" Zone. Based on aquifer tests conducted on 2 wells in the Nos. 2 through 5 

Landfarms, hydraulic conductivities ranged from 5.5x1o-4 em/sec, to 9.7x1o-4 em/sec, with an average of 

7 .6x 1 o-4 em/sec. These values are generally consistent with thos·e measured in other "C" Zone wells 
throughout the Refinery (BEDM, 1991) and are also expected to be reflective of conditions beneath the No. 
1 Landfarm . . As seen on Plates 3-9, the groundwater gradient across the Landfarms is relatively flat and, 
when coupled with the low hydraulic conductivity, suggests a slow component of groundwater flow. 

3.4.3 Bay Mud Aquitard 

The "A" and "C" Zone are separated by Young and Old Bay Mud units that collectively range from 
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approximately 5 feet to 30 feet thick beneath the Landfarms, as stated above. The permeability of the Bay 

Mud is approximately equal to or less than l.Ox1o-7 em/sec. The Bay Mud acts essentially as a 
low-permeability layer providing an effective barrier to the downward vertical movement of potei)tially 
contaminated groundwater. 

Locally the Bay Mud contains peat zones in the upper 1 to 2 feet of the Bay Mud layer. Where present, the 
peat tends to slightly increase the horizontal permeabilities of the Bay Mud. Where present, elements of 
the closure unit will be keyed into the lower permeability non-peaty Bay Mud (See Section 3.6). The 
integrity of this low-permeability barrier is evidenced by the confined conditions and varied groundwater 
elevations between "C" Zone and the "A":Zone. Evaluation of groundwater elevations in "C" Zone wells 
presented in Plates 3-9 supports the integrity of the Bay Mud barrier and confined groundwater conditions. 
For example, water levels in many of the "C" Zone wells rise well above the Bay Mud into the "A" Zone 
and groundwater elevations in the "C" Zone are notably different than those in the "A" Zone. Additionally, 
influences of groundwater extraction in the "A" Zone (see Section 3.6) are not observed in the "C" Zone. 

3.5 Landfarms Groundwater Monitoring Program 

The Landfarms Groundwater Monitoring Program (LGMP) is implemented in conjunction with the 
Refinery-wide Groundwater Monitoring Program (RG:MP). The LGMP is designed to comply with the 
U.S. EPA and DTSC Consent Agreements and the California Code of Regulations (CCR) Title 23, Article 
5 requirements for corrective action monitoring programs. The LGMP corrective action monitoring 
program includes 24 on-site groundwater monitoring wells located at Nos. 1 through 5 Landfarms (Plate 3-
8) and 5 background wells (Plate 1-1). Monitoring is conducted on a quarterly basis. Details of the 
monitoring program are summarized in the sections below. 

3.5.1 Monitoring Points, Constituents, and Frequencies 

The LGMP includes 19 "A" Zone wells and 5 "C" Zone wells located on site and 3 "A" Zone and 2 "C" 
Zone background wells located off site. The on-site wells are shown on Plate 3-10. The off-site wells are 
located north and east of the Refinery property. Water levels, free-phase hydrocarbon thickness, and 
chemical constituents are monitored on a quarterly basis in all 29 LGMP wells. Metals, VOCs, and SVOCs 
are tested for in those wells that do not contain free-phase hydrocarbons. A detailed list of the specific 
chemical constituents is presented on Table 3-1. 

3.5.2 Concentration Limits/Groundwater Quality 

The results of the chemical testing are compared quantitatively against both background levels and 
historical levels within each respective well. The most recent data reported are for the second quarter 1996 
and were reported in the Landfarms Groundwater Monitoring Program, Second Quarter 1996 Report 
(Chevron, September 27, 1996). Results for the third quarter 1996 will be submitted on or before 
December 29, 1996. This information is included as part of this Closure Plan by reference. 

3.6 Corrective Action 

As part of the overall Refinery-wide Groundwater Protection System (GPS), groundwater extraction 
trenches were installed along the downgradient perimeter of the Landfarms between 1990 and 1993. The 
Landfarms GPS also serves as corrective action for the Landfills that underlie portions of the Landfarms 
(see Section 3.2.1). The objective of the GPS for the entire Refinery, including the Landfarms areas, is to 
establish and maintain a physical or hydraulic barrier to prevent the off-:site movement of potentially 
contaminated "A" Zone groundwater. The GPS includes a perimeter system that consists of either 
extraction trenches, or a combination of soil/bentonite barrier walls with either extraction trenches or 
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extraction wells. Groundwater is continually pumped from the trenches and wells to treatment facilities, 
and the resulting hydraulic depression establishes and maintains a capture zone intended to prevent the 
migration of potentially contaminated groundwater past the GPS alignment. The associated phys.ical 
barriers are intended to provide secondary containment for the hydraulic barriers, and to provide additional 
protection to wetlands or water bodies from the effects of groundwater extraction. The laterally extensive 
Bay Mud deposit constitutes the floor of the system and restricts the flow of groundwater from the "A" 
Zone to the "C" Zone. The GPS concept and details were approved by the R WQCB as appropriate 
corrective action for potentially contaminated "A" Zone groundwater. 

The major GPS groundwater control features for the Landfarrns are: 1) a laterally extensive deposit of low
permeability Bay Mud underlying the entire Landfarrns site; 2) a physical barrier (soil:·bentonite slurry 
wall) to the northeast adjacent to Castro Creek and to the south of Nos. 2 through 5 Landfarrns (the 
southern wall is partially constructed and is scheduled for completion in 1997); 3) an "A" Zone hydraulic 
barrier (groundwater extraction trench or extraction well) between the northeast perimeter of No. 1 
Landfarrn, along the north and west perimeter of Nos. 2 through 5 Landfarrns, and in the gap in the new 
barrier wall where it crosses the Deep Water Outfall Project (DWOP) pipelines; 4) a transfer system for 
extracted groundwater; and 5) a potentiometric and water quality monitoring system sufficient to evaluate 
the effectiveness of the GPS. The northeastern-most end of the Nos. 2 through 5 Landfarms groundwater 
extraction trench is tied into the Landfill 15 extraction trench and the southeastern-most end of the new 
barrier wall to the south of Nos. 2 through 5 Landfarrns is tied to the Landfill 15 barrier wall, providing a 
continuous barrier completely around the Nos. 2 through 5 Landfarrns (Plate 3-10). This configuration 
provides hydraulic control and in some areas physical control on the downgradient and cross gradient sides 
of the Landfarms. 

The design of the extraction trenches and wells was based on the groundwater flow characteristics of the 
"A" Zone water-bearing unit. In general, groundwater flows to the north in the vicinity of Nos. 2 through 5 
Landfarrns with localized mounding directly beneath the Landfarms. This mounding is likely due to a 
combination of surface mounding, topographic configuration, irrigation activities, rainfall, slow 
percolation, low hydraulic conductivity, low hydraulic gradient, and resultant slow groundwater flow. 
Regardless of local groundwater mounding, the general groundwater flow will be toward the GPS. 
Groundwater flow in the vicinity of No. 1 Landfarm is generally to the northeast, directly toward GPS. A 
small mound is present in the northwest comer of the No. 1 Landfarm, which is also suspected to be an 
artifact of irrigation activities. Regardless of the source, the small mound in No. 1 Landfarm does not 
significantly affect the groundwater flow in the area. 

The groundwater extraction trenches are approximately 1.5 to 2 feet wide and extend to a depth of 
approximately 2 feet into non-peaty Young Bay Mud. The trenches are excavated through sheet piles using 
a backhoe, lined with geotextile filter fabric and backfilled with coarse-grained drain rock. A groundwater 
extraction sump is placed approximately every 100 to 150 linear feet along the trench. The sumps are 
typically 12-inch-diameter Schedule 40 carbon steel pipe, screened with 1/4-inch by 6-inch slots across the 
entire length of the casing. The groundwater extraction wells, to be constructed behind the short gap where 
the new barrier wall south of the Nos. 2 through 5 Landfarrns crosses the DWOP pipelines alignment 
(drawing D-318541), will consist of 12-inch-diameter slotted PVC casing extended approximately 13 feet 
bgs. 

A shallow drainage trench will be located directly adjacent to the new barrier wall south of Nos. 2 through 
5 Landfarms on the Landfarms side and extending from the Nos. 2-5 Landfarrns GPS to the DWOP 
pipelines (drawing D-318541). The drainage trench will be designed to intercept groundwater migrating 
south from the Landfarms area that may otherwise build up and over-top the barrier wall. The drainage 
trench will differ from GPS extraction trenches in that it will not penetrate to Bay Mud, and will not be 
designed to affect a hydraulic barrier; rather it will be designed to maintain groundwater levels at least one 
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foot below the top of the barrier wall. The trench will include a perforated drain pipe that will drain the 
intercepted groundwater to strategically placed sumps. Water collected in the sumps will be pumped to the 
Refinery's effluent system for treatment. 

The groundwater transfer system consists of interconnected air ejector pumps placed in each of the sumps, 
pump controllers, piping, and associated instrumentation. The designed groundwater extraction rate from 
the Landfarms extraction trenches is 200 gpm for No. 1 Landfann and 240 gpm for Nos. 2 through 5 
Landfarms. Actual extraction rates during the first quarter of 1996 for No . 1 Landfarm averaged 70 gallons 
per minute (gpm) with a maximum recorded rate of 146 gpm; rates for the Nos. 2 and 3 Landfarms trench 
averaged 45 gpm with a maximum recor~.ed rate of 70 gpm; and rates for the Nos. 2 and 5 Landfarms 
trench averaged 41 gpm with a recorded maximum of 85 gpm. Details of the groundwater extraction 
trenches and transfer system are included in Appendix J. 

Based on chemical analytical data for groundwater samples from wells in the area of the Landfarms GPS, 
the extracted groundwater is non-hazardous and is compatible with the Refinery's effluent treatment 
system. Therefore, the extracted groundwater is routed _through nearby oil-water separators to remove and 
recycle the recoverable free-phase hydrocarbons. The water then flows to the Refinery's Bioreactor, where 
it is further treated prior to discharge through the deep water outfall pipeline into San Pablo Bay under the 
Refinery's NPDES permit. 

The Environmental Operations Section of the Refinery's Utilities/Environmental Area Business Unit (U/E) 
is responsible for operating and maintaining the GPS. Environmental Operations Section personnel 
visually inspect all pipelines and controllers several times a week to assure that the system is operating 
properly. The design of the GPS extraction system, with pumps located at roughly 200-foot intervals, is 
inherently redundant. Hence the malfunction of any one pump is not expected to significantly reduce the 
effectiveness of the system at containing the Landfanns groundwater as the groundwater normally 
recovered by the malfunctioning pump would flow laterally towards the adjacent pumps until the pump 
could be repaired or replaced. The Refmery maintains a supply of spare pumps, so pump replacement 
could be performed in a matter of hours. If needed, Refinery personnel would supplement the GPS pumps 
with temporary air or diesel powered pumps. 

The effectiveness of the GPS in containing "A" Zone groundwater is monitored and reported to the 
RWQCB, DTSC, and the U.S. EPA as part of the Refinery-wide Groundwater Monitoring Program 
(RGMP). The scope of the RGMP is specified in the Monitoring and Reporting Program of RWQCB 
Order 93-109. "A" Zone piezometric monitoring is performed as part of the RGMP to demonstrate that a 
hydraulic barrier is maintained by the GPS at the perimeter of the closure units. Chemical monitoring in 
the "A" Zone supplements piezometric monitoring and assists in evaluating the effectiveness over time of 
the GPS corrective action. Chemical monitoring in the "C" Zone verifies that water quality below the Bay 
Mud at the point of compliance has not been degraded (BEDM, 1991). 
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3.7 GPS Effluent Water Quality Monitoring 

As part of preliminary discussions regarding closure details for the Landfarms, the DTSC requested 
Chevron evaluate the GPS effluent water to verify that it was indeed compatible with the Refinery's 
effluent treatment system and should not be subject to RCRA leachate requirements. As has been 
confirmed in discussions with DTSC staff, if the water collected from the GPS in the vicinity of the 
Landfanns tests to be characteristically non-hazardous, the water is considered non-hazardous and can be 
routed directly to the Refinery NPDES treatment system without pre-treatment, even accepting the DTSC' s 
position that leachate may be co-mingled with the groundwater. 

To evaluate the potentially hazardous nature of the extracted water, BEDM developed a sampling 
methodology, chemical testing program, and data analysis methodology that followed the general 
guidelines presented in the "Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities" 
(February, 1989). Details of the evaluation program were presented to the DTSC with Chevron's letter 
dated May 6, 1996 Waste Discharge Order Project, Richmond Refinery Landfarm Closure, Proposed CPS 
Effluent Water Sampling flan. Briefly, the program consists of collecting a statistically representative 
number of time-integrated composite effluent samples from several locations along the Landfarms GPS and 
evaluating the samples for hazardous waste criteria as specified in 22CCR261. Sixteen sampling rounds 
from the four locations shown on Plate 3-11 were proposed in Chevron's letter. Chemical testing is being 
conducted by CEL of Richmond, California. The effluent water samples are being tested for hazardous 
waste characteristic criteria including: 

Ignitability (flash point less than 60°C (140° F); 

Corrosivity (pH less than or equal to 2 or greaterthan 12.5); 

Reactivity (in terms of reactive cyanide and reactive sulfide); and 

Toxicity (by the Toxicity Characteristic Leaching Procedure (TCLP), 96-hour acute aquatic 
toxicity test (as described in "Static Acute Bioassay Procedures for hazardous Waste 
Samples," California Department of Fish and Game, Water Pollution Control Laboratory, 
revised November 1988) and the California Waste Extraction Test (WET) (22 CCR 
methodology). 

Seven sampling rounds have been completed to date, with the first round having been collected on July 11, 
1996 and the most recent on October 25, 1996 (due to equipment problems, only location GPS-1 was 
sampled in the second round). The most recent set of results presented in this document was for samples 
collected on September 26, 1996. A complete list of the chemical analyses being performed on the water is 
presented in Table 3-2, and the maximum levels of each constituent tested to-date are presented in 
Table 3-3. 

As shown in Table 3-3, of the metals analyzed by the TCLP, barium was detected in samples from all four 
sampling points at concentrations up to 0.810 mg!L, and selenium at two locations at concentrations up to 
0.014 mg!L, all well below the regulatory limits. For the WET metals, arsenic was detected at location 3 
with concentrations up to 0.384 mg!L; barium was detected in all samples, with concentrations up to 
1.35 mg!L; chromium at three locations at concentrations up to 0.084 mg!L; cobalt was detected at two 
locations at concentrations up to 0.084 mg!L; copper was detected at least once at each location at 
concentrations up to 0.592 mg/L; molybdenum at each location with concentrations up to 0.304 mg!L; lead 
was detected in one sample from location 4 at a concentration of 0.103 mg/L; mercury and nickel were 
detected at location three at concentrations up to 0.459 ug!L and 0.144 mg!L respectively; selenium was 
detected at three locations at concentrations up to 0.005 mg!L; vanadium was detected at all locations at 
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Table 4-2. List of Potential Plant Species 
Landfarms Closure Plan 

Chevron Richmond Refinery 

SHALLOW ROOTED SPECIES 

Tall fescue (Festuca arundinacea) 

Bermuda grass (Cynadon dactylon) 

Creeping wild rye (Elymus triticoides) 

California brome (Bromus carinatus) 

Alfalfa (Medicago sativa) 

White clover (Trifolium repens) 

• Saltgrass (Distichlis spicata) 

Annual fescue (Vulpia myuros) 

INTERMEDIATE ROOTED SPECIES 

• Saltbrush (Atriplex sp.) 

Coyotebrush (Baccharis pilularis) 

• Bush Lupine (Lupinus arboreus) 

California broom (Lotus scoparius) 

California encelia (Encelia californica) 

DEEP ROOTED SPECIES 

Hybrid Poplar (Poplus deltoides nigra) 

Cottonwood (Populus fremontii) 

Willow (Salix sp.) 

Toyon (Heteromeles arbutifolia) 

1 of 1 12196 






































