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FIVE-YEAR REVIEW REPORT 
HOWARD TERMINAL 

Oakland, California 

1. INTRODUCTION 

This report presents a Five-Year Review for the Charles P. Howard Terminal (“Howard 
Terminal” or the “Site”) in Oakland, California (Figure 1).  This report was prepared by 
BASELINE Environmental Consulting (“BASELINE”) on behalf of the Port of Oakland (“Port”) 
in accordance with the U.S. Environmental Protection Agency (“EPA”) guidance for conducting 
five-year reviews (U.S. EPA, 2001).  The purpose of the Five-Year Review is to evaluate the 
effectiveness of the selected remedy (monitored natural attenuation in conjunction with 
institutional and engineering controls) implemented at the Site. 

2. BACKGROUND 

Howard Terminal was constructed by the Port in about 1980 and the eastern section of the wharf 
was extended in 1995.  The current Howard Terminal occupies areas that formerly were used as 
a manufactured gas plant (“MGP”) (Station B and Station B West) and a shipping terminal 
(Howard Company) (Figure 2). 

The Site is currently owned by the City of Oakland.  Pursuant to City Charter Section VII, the 
Board of Port Commissioners has control and jurisdiction over the Site.  Station B was 
previously owned by Pacific Gas and Electric Company (“PG&E”); the various parcels that 
constituted Station B were sold to the City of Oakland between 1965 and 1984.  Station B West 
was also previously owned by PG&E and was sold to the City of Oakland in 1966.  The area 
formerly owned and operated by the Howard Company was bought by the City of Oakland in 
1978. 

2.1 Fill History 

The land underlying Howard Terminal has been successively filled since the late 1800s.  The 
high-tide line in 1868 was within or slightly landward of the current Embarcadero right-of-way 
and, prior to 1868, the Site was tidal mud flats.  By 1902, fill had been placed across the 
northeastern portion of the Site, corresponding to the area occupied by the former PG&E Station 
B.  The Station B West area was less than half filled and the Howard Company area was 
approximately two-thirds filled.  The parties responsible for the filling activities and the 
source(s) of fill materials placed during the first decade of the 1900s are unknown, but may have 
been PG&E and/or its predecessors readying the area for development. 

Beginning around 1910, the City of Oakland began construction of a quay wall.  The quay wall 
is a concrete structure that extends across the eastern 80 percent of the Site (Figure 3).  The 
dimensions of the wall are 18 inches wide at the top, 22 feet wide at the bottom, and 40 feet high.  
The bottom of the quay wall is at an elevation of approximately -30 feet mean sea level (“msl”).   
The quay wall was completed in 1914.  A 150-foot wide strip of land was created behind the 
quay wall by the deposition of sediments dredged from outside the quay wall by 1915.  Along 
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the entire bayside length of the quay wall sediments were dredged to an elevation of 
approximately -30 feet msl (Brady and Associates, 1994).  Between the western end of the quay 
wall and the western boundary of the Site steel sheet piles and timber were used to construct a 
bulkhead (Figure 3) for the Howard Company in the early 1900s. 

The next filling event at Howard Terminal occurred around 1926 when the Grove Street Pier was 
constructed by the Port of Oakland (Figure 2) (BASELINE, 2001).  The central portion of the 
Grove Street Pier was supported on fill that was placed inside a constructed rock dike.  A 
drawing that appeared to have been prepared for planning purposes indicates that sediments from 
either side of the proposed Grove Street Pier were to be dredged and placed inside the rock dike 
as fill (Port of Oakland, 1925).  Other piers constructed at the Site (Market Street Pier and 
Howard Docks) were supported on piles and had no associated filling activities. 

The last major filling activity at the Site occurred around 1980 when the area between the quay 
wall and bulkheads was filled.  A rock dike was constructed around the edge of the new terminal 
to contain the new fill.  All Bay Mud under the rock dike footprint, some of the Bay Mud from 
within the fill area, and all sediment beyond the edge of the new terminal down to an elevation of 
approximately -45 feet msl were dredged.  Bay Mud was transported to the disposal site near 
Alcatraz Island; sand dredged from the Inner Harbor was placed as fill behind the new rock dike 
(BASELINE, 2001).  In addition to dredged sand, other fill materials consisted of construction 
rubble from various Port projects, sand imported from shoals located in Central San Francisco 
Bay, and soil from the Oakland City Center construction projects. 

In 1995, the southeastern corner of Howard Terminal was extended to lengthen the terminal by 
300 feet.  Bay Mud was dredged from the extension area, transported to Berth 10 for temporary 
storage, and disposed of at a permitted landfill.   

2.2 Land and Resource Use 

The Howard Terminal currently encompasses three separate historical areas: 1) Station B, an 
MGP owned and operated by PG&E; 2) Station B West, owned and operated by PG&E for 
various uses associated with gas manufacturing, including gas storage; and 3) the Howard 
Company area, a commercial transportation and shipping company (Figure 2).   

As stated above, the land underlying Howard Terminal has been successively filled since the late 
1800s.  PG&E operated Station B, an MPG located on the northeastern portion of the current 
Howard Terminal, from 1902 through 1961.  Some of the structures that were contained in the 
former Station B site included aboveground tanks, salt and freshwater pumps and pump houses, 
oxide shed, oil pit, several industrial supply wells, transformer house, blowoff tank, weld shop, 
and pipe shop.  Following the closure of the plant, parcels on the former Station B site were 
incrementally sold to the Port and equipment associated with MGP operation was dismantled.  
By 1982, the former Station B site was cleared of all structures associated with the operation of 
the MGP and was incorporated into the current Howard Terminal. 

PG&E’s Station B West was formerly located at the center of present day Howard Terminal.  
Historic uses of the Station B West site included a briquette plant, beginning in 1915, and a 
maintenance yard, beginning in 1957.  The Station B West site also contained: 1) an eight 
million cubic foot gas holder; 2) an eight-inch oil pipeline that extends from the Station B to 
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Howard Company; and 3) storage sheds.  The Station B West site was used as a maintenance 
yard until the mid-1960s, when it was purchased by the City of Oakland.  By 1982, all structures 
related to historic operations had been removed and the former Station B West site was 
incorporated into the current Howard Terminal. 

The Howard Company site, historically located on the western portion of the current Howard 
Terminal, was operated primarily as a commercial transport and shipping terminal from 1900 to 
the mid-1970s.  Other historic structures at the Howard Company site included: 1) a coal 
tramway; 2) a briquette plant; 3) an asphalt paving plant; 4) a locomotive house; 5) a garage, 
blacksmith, and machine shop; and 6) oil pump plant.  Structures consistent with these historic 
land uses included: 1) a 600,000-gallon aboveground storage tank; 2) a 10,000-barrel oil tank; 3) 
a pump house; 4) oil houses; 5) wire works; and 6) transformer house.  Sanborn Maps indicated 
that by 1938, the northwest corner of the Howard Company site contained a 2,250-gallon 
underground storage tank.  In December 1974, the commercial transport and shipping terminal 
operations ceased and the Howard Company site was used for office and warehouse storage until 
1978, when it was subsequently purchased by the Port.  By 1980, structures associated with the 
former Howard Company had been demolished.  In 1982, the Port used the former Howard 
Company site as part of the current Howard Terminal operations. 

The operation of the current Howard Terminal involves container handling (e.g., transport, 
storage, loading), vehicle fueling, equipment cleaning, and vehicle repair and maintenance.  
Major features of the terminal include a dock area, container cranes, large container storage area, 
steam cleaning rack, two vehicle fueling areas, an aboveground gasoline storage tank, and an 
underground diesel storage tank.   

The shallow groundwater underlying Howard Terminal is currently not a source of drinking 
water.  Domestic water and sanitary sewer services are provided by East Bay Municipal Utility 
District.   

The current land uses of properties surrounding the Site are commercial and industrial.  To the 
immediate west of the Site is industrial recycler Schnitzer Steel.  North of the Site are various 
commercial/industrial enterprises.  The nearest schools are the Oakland International School at 
345 12th Street, Lincoln Elementary School at 225 11th Street, and the Yuk Yau Early 
Childhood Center at 291 10th Street.  All are located approximately three-quarters of a mile to 
the east.  There are no hospitals located within a mile of the Site.  The nearest residential area is 
about one-third of a mile north of the Site. 

2.3 Sources of Contamination 

The operations of previous occupants at the Howard Terminal site involved the use, storage, and 
handling of hazardous materials.  These materials included: benzol; carbon fuel; lampblack; 
coke; crude oil; diesel; distillate; gasoline; hexavalent chromium; iron oxides; paint; soda ash; 
and solvents at Station B.  Petroleum products, oil, paints, and solvents were used, stored, or 
handled at Station B West.  Asphalt, coal, coke, copper ore, diesel, gasoline, oil, and solvents 
were used, stored, or handled at the Howard Company site. 

In addition to the use, storage, and handling of hazardous materials, the former land uses also 
involved generation, storage, use, and handling of waste streams containing hazardous 
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substances as a by-product of the gas manufacturing process.  The wastes included lampblack, 
lampblack sludge, oil tar sludge, naphthalene, spent coke, spent iron oxide (including cyanide), 
spent soda ash, waste oil, waste paint, and waste solvent at Station B and lampblack, waste oil, 
waste paint and paint sludge, and waste solvent at Station B West site.  The Howard Company 
site was documented to have used, stored, or handled iron slag, lampblack, and waste oil. 

The current operation at Howard Terminal includes activities that involve the use, storage, and 
handling of hazardous materials such as diesel, unleaded gasoline, oil, coolant, solvent, and 
batteries.  These materials are mostly used at the steam cleaning rack, two vehicle fueling areas, 
and the maintenance shops. 

The soil contamination at the Howard Terminal site may have been caused by spills, leaks, or 
disposal wastes containing hazardous substances.  These contaminants have reached the 
groundwater as a result of long-term releases into the soil.  

2.4 Current Conditions 

Howard Terminal is currently leased and operated by Stevedoring Services of America.  The 
terminal serves as a marine container terminal for loading and unloading of ocean-going cargo 
ships.  The current Site configuration is shown on Figure 4. 

Environmental investigations conducted at the Site between 1986 and 2000 have indicated the 
presence of polynuclear aromatic hydrocarbons (“PAHs”), volatile organic compounds 
(“VOCs”), petroleum hydrocarbons, metals, and cyanide in soil and groundwater, primarily in 
the fill landward of the quay wall (Figure 5).  Investigation and remedial work at the Site have 
been performed in accordance with the requirements of the California Environmental Protection 
Agency, Department of Toxic Substances Control (“DTSC”), Imminent and Substantial 
Endangerment Determination Order and Remedial Action Order Number, Docket 
No. I/SE 00/01-001, dated 17 October 2000. 

2.5 Physical Characteristics 

The Site, approximately 50 acres in size, is bounded by Embarcadero West and the Gas Load 
Center (owned and operated by PG&E) to the north, Linden Street to the west, Jefferson Street to 
the east, and the Oakland Inner Harbor to the south (Figure 4).  The Site is located within the 
Oakland West USGS 7.5-minute quadrangle, at longitude –122o17’15 and latitude 37o47’45. 

The entire Site is nearly level and paved with asphaltic concrete, which ranges between four and 
30 inches in thickness.  The major portion of the Site’s surface area is used as container storage.  
Enclosed structures at the Site include a scale building, a guard shed, and an office building.  The 
perimeter of the Site is fenced and Stevedoring Services of America maintains around-the-clock 
security to prevent access by unauthorized persons.  Utilities underlying the Site include storm 
drains, sewer, water, gas, and electrical conduits.  

The Oakland Inner Harbor is the nearest surface water body and is located along the southern 
boundary of the Site.  The storm drain system of the Site discharges into the Oakland Inner 
Harbor. 
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2.6 Hydrology 

The Site is located within the East Bay Plain groundwater basin.  The Franciscan Assemblage 
forms the bedrock underlying the area and is composed of sedimentary, volcanic, and 
metamorphic rocks.  Five unconsolidated sedimentary formations overlie the bedrock.  The 
deepest is the Alameda Formation, which consists of marine and continental deposits of clay, 
silt, sand, and gravel.  Old Bay Mud overlies the Alameda Formation and consists primarily of 
gray silty clay with thin, isolated sand lenses.  This layer forms a mostly continuous aquitard 
across the region.  Above the Old Bay Mud is the San Antonio Formation, which includes the 
Merritt and Posey sands. 

The San Antonio Formation generally consists of clean sands with interbedded layers of clayey 
sand.  Young Bay Mud, a soft gray silty clay deposit, overlies the San Antonio Formation 
throughout much of the region.  The uppermost layer at the Site is fill, which was placed on top 
of the Young Bay Mud, where present, or on the San Antonio Formation, where Young Bay 
Mud is absent. 

The fill material is heterogeneous, consisting of sand, silty sands, silty clay, clayey sands, 
gravelly sand, clayey silts, and silty clays.  The fill contains significant amounts of debris, 
including brick, wood, charcoal, and metal slag.  Black-stained soils were observed in the 
majority of the boreholes drilled in the Station B area (Figure 2).  The thickness of black-stained 
soil ranged from eight to eleven feet and was directly overlying the native Bay Mud or San 
Antonio Formation. 

Groundwater in the fill is unconfined and significantly influenced by the presence of the quay 
wall (Figure 5).  The concrete quay wall appears to divert shallow groundwater toward the 
western terminus of the quay wall.  Based on six groundwater elevation data from six 
groundwater monitoring events between 4 June 2002 and 3 November 2006, the groundwater 
flow direction in both the fill material and the San Antonio Formation is toward the southwestern 
corner of Howard Terminal to the area of the historic bulkhead (Figures 6 and 7). 

A 72-hour tidal study was conducted in 1998 (BASELINE, 1998).  During the study, the tide 
height at the edge of Howard Terminal ranged between -5.97 and +2.63 feet referenced to mean 
sea level, a maximum variation of 8.6 feet.  The maximum variation in groundwater elevations in 
wells MW-H1B through MW-H5B (shallow wells) during the same period ranged between 0.03 
in wells MW-H3B and MW-H4B to 0.13 foot in MW-H5B.  The water levels in the San Antonio 
Formation wells (deeper wells) had nearly immediate responses to the tide.  The maximum water 
elevation variation was observed in well MW-H1A (3.6 feet) and the minimum in well MW-
H3A (0.4 foot). 

2.7 Initial Response 

Between 1986 and 2000, six investigations were conducted at Howard Terminal by various 
consultants.  In 1986, Environmental Resources Management West (“ERM West”) conducted a 
subsurface investigation at the former Station B site to characterize soil and groundwater quality 
in connection with expansion of the wharf (ERM-West, 1986).  The soil and groundwater 
samples were collected and analyzed for VOCs and semi-volatile organic compounds 
(“SVOCs”). 
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In 1994, construction activities related to the modification of the gate area of Howard Terminal 
uncovered impacted soils.  Uribe & Associates collected samples of soil and aggregate base 
material, which were analyzed for SVOCs, Title 22 Metals, and petroleum products 
(BASELINE, 2001). 

The third investigation occurred in 1994 in preparation for expansion of the wharf at the 
southeastern corner of Howard Terminal in 1995.  Samples of the sediments that were to be 
dredged were collected for analysis by MEC Analytical Systems, Inc (BASELINE, 2001). 

In 1998, BASELINE conducted a remediation investigation to define the extent and magnitude 
of impact to soil and groundwater at Howard Terminal (BASELINE, 1998).  This investigation 
consisted of installing 26 soil borings, 12 groundwater monitoring wells, and seven 
hydropunches.  BASELINE collected soil and groundwater samples and performed a tidal study. 

In 1999, BASELINE collected soil samples for environmental analysis during the removal of an 
underground storage tank (“UST”) and the installation of conduits that serve refrigerated 
containers (BASELINE, 1999).  Lastly, in 2000, BASELINE collected groundwater samples at 
the southwest corner of Howard Terminal, where a viscous free-phased aged petroleum was 
identified in the subsurface (BASELINE, 2001). 

Based on data collected from the Site from 1986 through 2000, BASELINE prepared, on behalf 
of the Port, a Final Removal Action Work Plan (“RAW”), dated 22 February 2002 (BASELINE, 
2002a), which was approved by the DTSC in a letter to the Port dated 22 February 2002.  The 
RAW identified the major contaminants underlying the Site as petroleum hydrocarbons, PAHs, 
aromatic hydrocarbons, and cyanide. 

The soil and groundwater data were also used by BASELINE to prepare a Human Health and 
Ecological Risk Assessment (BASELINE, 2002a).  The conceptual model indicated incomplete 
exposure pathways for current and future Site workers due to the presence of a cap across 
Howard Terminal.  Complete exposure pathways were identifiable for construction and utility 
workers and ecological aquatic receptors in the Inner Harbor.  However, the risk to construction 
workers could be successfully mitigated by implementation of a Site-specific Health and Safety 
Plan and a Risk Management Plan (“RMP”).  The Ecological Risk Assessment results indicated 
that the contaminants identified in the groundwater would not pose an excessive risk to aquatic 
organisms. 

The removal action objectives identified in the RAW were: 

  To perform remediation of soil, groundwater, and free product, if needed, to protect human 
health and the environment; 

  To ensure that the health and safety of on-Site occupants and future construction and utility 
workers are protected from exposure to subsurface contaminants; 

  To eliminate potential continuing sources of contaminants, if present, and potential 
conduits for contaminant migration; and 

  To conduct all removal actions in a manner that does not prevent the terminal from 
operating, and that minimizes disruption of normal terminal activities. 
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2.8  Basis for Taking Action 

The removal action was implemented to ensure protection of Site users and the environment 
from the possible adverse effect associated with exposure to residual contaminants present in the 
soil and groundwater.  The residual contamination underlying the Site is above the levels that 
allow for unrestricted land use.  The RAW presented a number of alternatives that were 
evaluated to meet the removal action objectives to ensure the protection of human health and the 
environment. 

3. REMOVAL ACTION 

The RAW prepared by BASELINE identified the remedial action objectives for the Site and 
provided remedial alternatives consistent with the remedial action objectives.  BASELINE 
evaluated each alternative based on effectiveness, implementability, and cost.  The recommended 
alternatives and their implementation are presented below. 

3.1 Remedy Selection 

3.1.1 Remediation Area 1: Soil Contamination 
The selected alternative was the implementation of an RMP to protect human health and 
ecological receptors.  This alternative included risk management measures, including cap 
maintenance, groundwater monitoring, health and safety plan for any subsurface construction, 
and a deed restriction. 

3.1.2 Remediation Area 2: Groundwater Contamination 
The selected alternative was natural attenuation and groundwater monitoring to ensure protection 
of potential ecological receptors and beneficial uses of the Bay.  The ecological risk assessment 
and fate and transport modeling indicated that aquatic receptors in the Inner Harbor would not be 
adversely affected by the contaminants identified in the groundwater underlying the Site. 

3.1.3 Remediation Area 3: Free Product 
The selected alternative was groundwater monitoring to ensure protection of potential ecological 
receptors and beneficial uses of the Bay.  The free product identified in the southwestern portion 
of the Site would remain.  Data from groundwater monitoring wells, installed downgradient of 
the product, indicated that the material was not migrating toward the Oakland Inner Harbor.  The 
aged, viscous petroleum hydrocarbon had limited, if any, solubility in water, and therefore, was 
not mobile, as evidenced by the quality of groundwater in the downgradient monitoring wells. 

3.1.4 Remediation Area 4: Potential Presence of Historic Features 
The selected alternative was a geophysical survey and removal/abandonment  of any subsurface 
features (if present) that could act as a source of contamination and/or a pathway for contaminant 
migration (Figure 8). 
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3.2 Remedy Implementation 

The RAW proposed a geophysical survey of areas identified from previous investigations as 
possibly containing underground historic features that can act as a source and/or pathway of 
contamination.  The geophysical survey was performed by BASELINE in accordance with the 
Final Phase I Remedial Design and Implementation Plan (“Phase I RDIP”) (BASELINE, 
2002b), approved by the DTSC on 30 September 2002. 

3.2.1 Phase I – Geophysical Survey 
On 14 and 15 January 2003, Norcal Geophysical Consultants, Inc. (“Norcal”) conducted a 
geophysical survey of six areas on Howard Terminal.  A BASELINE professional geologist 
and/or engineer was present during the survey.  The six areas of interest were suspected to 
contain subsurface structures that were identified during Site historical research, but which 
records did not clearly indicate had been removed or abandoned.  The geophysical survey was 
conducted to search for a UST, three water supply wells, and two fuel pipelines and was 
conducted using a metal detector, ground penetrating radar (“GPR”), and electromagnetic line 
locator.  The results of the survey, including a description of the each survey area, are presented 
below. 

3.2.1.1 Area 1: Underground Storage Tank   
A 1938 Sanborn Fire Insurance map showed a 2,500-gallon UST in the northwestern corner of 
the Site (Figure 8).  The UST does not appear on any subsequent maps or drawings.  There were 
no records to indicate that the UST had been removed.  Various anomalies were detected within 
the search area; however, none were identified to indicate the presence of a tank.  The anomalies 
may have represented changes in subsurface conditions and/or debris. 

3.2.1.2 Water Supply Wells 
Previous Site investigations indicated the possibility that up to four water supply wells may have 
been located on-Site.  Three of the wells were identified in the northeast corner of the former 
Station B site; one was suspected to be located on the western portion of Station B, on a property 
currently owned by PG&E.  The possible water supply well located on PG&E property was 
excluded from the geophysical survey. 

Area 2: Water Supply Well #1.  The geophysical survey identified a number of anomalies 
within and adjacent to the survey area, including utilities and remnant foundations (Figure 8).  
However, none of the anomalies indicated the presence of a vertical metal pipe (e.g., a metal well 
casing). 

Area 3: Water Supply Well #2.  No anomalies were identified within the survey area.  
However, a metal detector anomaly was identified immediately east of the survey area, which 
was confirmed with GPR (Figures 8 and 9).  The size of the anomaly was greater than what 
would be expected for a metal well casing.  The anomaly may or may not represent a water 
supply well. 

Area 4: Water Supply Well #4.  A metal detector anomaly was identified within the survey 
area; however, the GPR could not verify the anomaly (Figures 8 and 9).  The size of the anomaly 
suggests that it could represent a water supply well. 
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3.2.1.3 Fuel Pipelines   
Two fuel pipelines were identified on historical drawings for the PG&E facility.  The locations 
of these fuel pipelines were investigated as described below.  The locations of the possible 
pipelines are shown on Figure 8 as Areas 5 and 6. 

Area 5: Fuel Pipeline # 1 (Eight-Inch Fuel Line).  Historical drawings indicate an eight-inch 
pipeline extended from the former Station B to the former Howard Company along the southern 
border (Figure 8).  The pipeline was 1,180 feet in length, of which 815 feet was aboveground.  
The aboveground portion of the pipeline had been removed; however, it was not known whether 
the remaining underground portion of the pipeline was removed or properly abandoned. 

The survey area proposed in the Phase I RDIP was 30 feet by 250 feet, but was later expanded 
300 feet to the west for a total of 550 feet (Figures 8, 9, and 10).  Two separate “undifferentiated 
utility” alignments were identified within the survey area that could be indicative of the fuel line.   

Area 6: Fuel Pipeline # 2 (Four-Inch Fuel Line).  A 1968 PG&E drawing referenced the 
proposed installation of a 900-foot long four-inch fuel oil pipeline from the southeast corner of 
Station B extending northward parallel with Martin Luther King Jr. Way (formerly Grove 
Street), then westward across the former Station B site (Figure 8).  It was unknown whether the 
four-inch pipeline was actually installed, and if so, if it was ever removed or properly abandoned. 

The survey area proposed in the Phase I RDIP was abandoned due to the presence of K rails and 
an underground utility corridor that would interfere with geophysical instruments.  As a result, 
the presumed line alignment was marked in the field, based on historic maps, immediately west 
of the original area, and the geophysical survey was conducted around that alignment (Figure 8), 
including the 90-degree turn of the pipeline from a north-south to an east-west direction.  No 
geophysical anomalies were identified indicative of the four-inch fuel pipeline.  It is possible that 
the line, identified as “proposed” on the historic PG&E map, was never installed. 

3.3 Supplemental Phase I – Subsurface Excavation  

Based on the findings of the geophysical survey, three survey areas contained anomalies that 
may have represented the target historical subsurface features: 1) Area 3 (Well #2); 2) Area 4 
(Well #4); and 3) Area 5 (Fuel Pipeline #1).  Further investigations were conducted to confirm 
the absence or presence of the historic features. 

The remedial activities supplemental to Phase I RDIP activities were performed by BASELINE 
in accordance with the Phase I Remedial Design and Implementation Report and Supplemental 
Phase I Work Plan (“RDIR/WP”), dated March 2003 (BASELINE, 2003c) and a letter from 
BASELINE to DTSC, dated 15 July 2003.  The RDIR/WP was approved by DTSC on 11 April 
2003.  The letter provided a status report to the DTSC and proposed additional work to complete 
the Phase I activities.  The actions proposed in the letter were approved by the DTSC in a letter 
dated 24 July 2003. 

On 23 June 2003, Controlled Environmental Services, Inc. (“CES”), under the direction of 
BASELINE, initiated the Supplemental Phase I work.  The Supplemental Phase I work consisted 
of the subsurface excavation (“pothole”) to determine whether geophysical anomalies identified 
at three survey areas represented the suspected historical features. 
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The potholes dug by CES at Survey Areas 3 and 4 did not provide any evidence of water supply 
wells.  At Survey Area 5, an eight-inch diameter steel pipe was exposed.  The pipe contained 
residual petroleum product and was determined to be the historic fuel line.   

Between 30 June and 2 July 2003, Norcal induced a radio signal on the exposed portion of the 
fuel line in order to determine the extent and alignment of the pipeline.  The total length of the 
underground fuel line was found to be approximately 200 feet (Figures 8 and 9).  

CES recovered approximately 110 gallons of oily liquid from the pipe using a vacuum truck.  
The liquid was transported by Clearwater Environmental to Alviso Independent Oil, a recycling 
facility, under Uniform Hazardous Waste Manifest. 

3.4 Phase II – Fuel Line Abandonment and Soil Disposal 

Following Supplemental Phase I work, BASELINE, in a letter to the DTSC dated 15 July 2003, 
presented a status report on the Supplemental Phase I activities and proposed abandonment of the 
uncovered historic fuel pipeline.  The DTSC approved the proposed work in a letter dated 24 
July 2003. 

On 4 August 2003, CES, under the direction of BASELINE, initiated the abandonment of the 
historic fuel pipeline.  The work involved pressure washing followed by cement grouting of the 
interior of the pipeline.  A 55-gallon drum was placed at the ends of each section to contain wash 
water and debris as a result of pressure washing.  Water and debris collected by the 55-gallon 
drum was transferred into a vacuum truck for off-Site disposal.  Approximately 1,150 gallons of 
oily liquid were removed and transported by Clearwater Environmental to Alviso Independent 
Oil, a recycling facility, under Uniform Hazardous Waste Manifest.  On 7 and 8 August 2003, 
CES and Precision Sampling Inc., under the direction of BASELINE, pressure-grouted the 
former fuel line.  Approximately 510 gallons of grout were used to fill the former fuel line. 

Following abandonment of the historic fuel line, the open excavations were backfilled with soils 
excavated from the same location.  After backfill activities were completed, approximately eight 
cubic yards of soil remained to be disposed of off-Site.  On 11 August 2003, BASELINE 
collected soil samples from the remaining soil stockpile.   

The results of the laboratory analyses indicated that the soil did not contain chemicals or 
chemical compounds, or have characteristics of toxicity such that it would be characterized as a 
Federal or California hazardous waste.  The soil was transported to Forward Landfill and 
disposed of as non-hazardous waste. 

In November 2003, BASELINE, on behalf of the Port, submitted a Phase II Removal Action 
Implementation Report (BASELINE, 2003a) to the DTSC.  This report documented the activities 
related to the abandonment of the historic fuel line and requested a Remedial Action 
Certification from the DTSC following the completion of removal activities.  The Remedial 
Action Certificate for the Site was issued by the DTSC on 23 December 2004. 
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3.5 Operations and Maintenance 

In August 2004, the Port and DTSC entered into an Operations and Maintenance (“O&M”) 
Agreement, dated 12 August 2004.  The O&M Agreement contains provisions regarding the 
implementation of certain remedial actions prescribed in the RAW.  Specifically, these remedial 
actions pertain to long-term groundwater monitoring, cap maintenance, and risk management.  
The O&M Agreement also includes provisions for notification and reporting, emergency 
response, future activities, and cost recovery.   

3.6 Groundwater Monitoring 

The RAW specified a groundwater monitoring schedule of semi-annually for the first year, then 
annually for the following four years.  Groundwater monitoring was initiated on 29 May 2002, 
following approval of the RAW by the DTSC (letter dated 22 February 2002).  The purpose of 
the groundwater monitoring was to confirm that the contaminants underlying the Site were not 
increasing in concentration and that aquatic organisms were not being adversely affected.  
Groundwater monitoring was also used to determine whether the free-phase viscous 
hydrocarbons on the southwest portion of the Site were stable or migrating toward the Inner 
Harbor. 

All groundwater monitoring events were conducted by BASELINE in accordance with the RMP 
contained in the RAW.  Previous to 2005, a groundwater monitoring report was submitted to the 
DTSC following each monitoring event.  The groundwater monitoring report contained details of 
the event, evaluation of laboratory analytical reports, and recommendations for future action.  
Beginning in 2005, groundwater monitoring events were reported as part of the annual O&M 
report in accordance with the O&M Agreement.  The last groundwater monitoring event was 
conducted on 3 November 2006.  Documentation of that groundwater monitoring event is 
contained in Appendix A.   

Groundwater monitoring involved the collection of groundwater samples from ten monitoring 
wells and the measurement of groundwater elevation in 14 monitoring wells.  All monitoring 
wells are located within the boundaries of the former Station B, Station B West, and Howard 
Company sites.  Monitoring Wells MW-H1B, MW-H2B, MW-H3B, MW-H4B, MW-H5B, MW-
H6B, MW-H7B, and MW-H8B are shallow wells (Figure 2 in Appendix A) and screened in the 
fill; monitoring wells MW-H1A, MW-H2A, MW-H3A, MW-H4A, MW-H5A, and MW-H6A 
are deep wells (Figure 3 in Appendix A) and screened in the San Antonio Formation.  During 
each groundwater monitoring event, BASELINE collected groundwater samples from 
monitoring wells MW-H1A, MW-H2A, MW-H4A, MW-H5A, MW-H1B, MW-H2B, MW-H4B, 
MW-H5B, MW-H7B, and MW-H8B.  The groundwater samples were submitted to a California 
certified laboratory for the following analyses: 

  PAHs in accordance with EPA Method 8310; 

  Total extractable petroleum hydrocarbon (“TEPH”) as diesel and as motor oil in 
accordance with EPA Method 8015M following silica gel cleanup; and  

  Total cyanide in accordance with EPA Method 335.2. 
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3.7 Risk Management Measures 

The RMP, contained in the RAW stipulated that risk management measures should be 
implemented to protect receptors from exposure to harmful levels of residual chemicals and 
chemical compounds contained in soil and groundwater underlying the Site.   

3.8 Cap Maintenance 

The maintenance of the asphaltic concrete cap is a component of the RMP.  Maintaining the 
integrity of the cap limits the on-Site worker’s risk of exposure to residual chemicals and 
chemical compounds present in the subsurface by providing a barrier.  The Port’s Environmental 
Department conducts cap inspections semi-annually.  The inspections involve a survey of the 
physical condition of the surface pavement, particularly cracks, gaps, slough, settlement, 
damage, seepage, or other features that would indicate or put into the question the integrity of the 
cap.  These features and other identified physical conditions of the cap are documented and 
submitted annually to DTSC.  Beginning in 2004, the semi-annual cap inspection was reported as 
part of the annual O&M report.  The semi-annual cap inspection forms for years 2004, 2005 and 
2006 are contained in Appendix B. 

3.9 Implementation of Health and Safety Plan 

The Human Health Risk Assessment determined that implementation of a health and safety plan 
could mitigate the risk to construction workers.  BASELINE provided a model health and safety 
plan (“MHSP”) in the Phase I RDIP.  The MHSP described the potential chemical hazards, the 
minimum health and safety procedures that will be followed to protect Site workers/visitors and 
the surrounding community from exposure to residual chemicals or chemical compound in the 
Site’s subsurface.  The MHSP was revised to delineate separate requirements for areas inside the 
quay wall [Health and Safety Plan (“HASP”) A] and areas outside the quay wall HASP B 
(BASELINE, 2005b).  The revised MHSP (“MHSP/AB”) was approved by DTSC in a letter 
dated 28 September 2005. 

Contractors or Port personnel can only perform subsurface work at Howard Terminal if they 
have a HASP that is at least as stringent as the applicable MHSP/AB or they can adopt either of 
these HASPs, as applicable, after having fulfilled the documentation requirements for each of the 
HASPs.  Contractors are required to submit a HASP to the Port’s Environmental Department 
prior to beginning subsurface work at Howard Terminal.  The purpose of a HASP is to describe 
the potential hazards and the health and safety procedures for work at the Site.  The health and 
safety procedures must be followed to protect Site workers/visitors and the surrounding 
community from potential hazards.   

The primary difference between MHSP A and MHSP B is that the work performed inside the 
quay wall is known to have the potential to expose workers to hazardous substances and 
therefore, MHSP A conforms to the requirements of 29 CFR 1910.120 and 8 CCR 5192 for 
Hazardous Waste Operations and Emergency Response (“HAZWOPER”).  The MHSP B 
assumes that the work performed outside the quay wall does not expose workers to hazardous 
substances and that the work is performed in accordance with 29 Code of Federal Regulations 
(“CFR”) 1926, OSHA Construction Industry Standards, 29 CFR 1910, General Industry Safety 
Orders, and 8 California Code of Regulations (“CCR”), California Construction Safety Orders. 
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The MHSP A stipulates that construction workers performing activities that involve breaching 
the cap where personnel would have the potential to be exposed to hazardous levels of chemicals 
or chemical compounds in the soil would be HAZWOPER-trained in accordance with Title 8 
CCR, Section 5192 and fit-tested for respirator use.  The MHSP A requires that pre-entry 
briefings and daily tailgate safety meetings be conducted and that work is to be performed in 
Level C Personal Protection Equipment (“PPE”) including Tyvek suits, gloves, earplugs, eye 
protection, and respirators equipped with chemical and particulate filters.  The MHSP A provides 
procedures and action levels for monitoring of workers’ breathing zones for benzene, cyanide, 
and ammonia using colorimetric tubes, for respirable dust using a nephelometric meter, for 
organic vapors using a photo-ionization detector, and for personal lead using a filter media 
analyzed in an analytical laboratory. 

3.10 Covenant to Restrict Use of Property 

A Covenant to Restrict Use of Property (“CRUP”) was recorded in Alameda County on 3 March 
2003 and subsequently amended and re-recorded on 8 September 2004.  The CRUP establishes 
the legal definition of the “property” and sets forth land use restrictions for the Site.  The 
restrictions are binding on all owners of the Site.  Prior to sale or lease of the property, the Port 
must provide written notice of the presence of hazardous substances.  The restrictions are to be 
incorporated by reference into all deeds or leases for the property.  The CRUP prohibits 
development of the property for residential, hospital, school, day care center, un-capped park, or 
un-capped open space uses. 

4. CURRENT STATUS 

The Site is currently operated as a modern marine terminal used to load and unload cargo ships.  
The Port intends to continue operating the Site as a container terminal in the future.  The Site 
maintains the same configuration that existed in 1995, when the southeast portion was extended.  
The components of the RAW have been implemented, which include an RMP, and O&M 
Agreement, a CRUP, and location and abandonment of historical structures.  On-going removal 
actions at the Site are long-term groundwater monitoring and semi-annual cap inspection. 

5. PROGRESS SINCE LAST REVIEW 

This report constitutes the first Five-Year Review for the Site. 

6. FIVE-YEAR REVIEW PROCESS 

The BASELINE personnel involved with the preparation of this Five-Year Review were Yane 
Nordhav, P.G. (Principal-in-charge/Technical Director), James McCarty, P.E. (Project Engineer), 
and Reginald Ramirez, E.I.T. (Staff Engineer). 

6.1 Cap Inspection 

  A cap inspection was performed on the Site on 3 November 2006 (Appendix B). 
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6.2 Review of Documents Relevant to a Five-Year Review Process of the Site   

BASELINE staff reviewed existing reports and documents associated with the environmental 
characterization and remediation of the Site.  These documents included:  1) Site Investigation 
(BASELINE, 1998); 2) Final Remedial Investigation Report (BASELINE, 2001); 3) Final 
Removal Action Workplan (BASELINE, 2002a); 4) Final Phase I Remedial Design and 
Implementation Plan (BASELINE, 2002b); 5) Phase I Remedial Design and Implementation 
Report and Supplemental Phase I Workplan (BASELINE, 2003c); 6) Supplemental Phase I 
Remedial Design and Implementation Report (BASELINE, 2003b); 7) Phase II Removal Action 
Implementation Report (BASELINE, 2003a); 8) Construction Implementation Report 
(BASELINE, 2004); and 9) 2005 Annual Operations and Maintenance Report (BASELINE, 
2006).  BASELINE also reviewed the CRUP, O&M Agreement, RMP, and the MHSPs to 
determine whether the provisions continue to provide adequate protection to human health. 

6.3 Review of Data Collected during the Past Five Years   

BASELINE evaluated groundwater monitoring data collected during the past five years to 
determine whether groundwater quality in the fill and San Antonio Formation continues to 
support the conclusions of the ecological risk assessment.   

Groundwater monitoring occurred semi-annually for the first year and annually for the following 
four years, yielding data from six groundwater monitoring events.  To determine the trend in 
chemical or chemical compound concentrations in the groundwater, BASELINE performed a 
statistical evaluation of the data using the Mann-Kendall test. 

The Mann-Kendall evaluation was performed on data from wells that had reported 
concentrations of chemicals of potential concern (“COPC”) over the past five years.  These data 
were primarily from MW-4B and MW-5B, though other wells were evaluated where there were 
sufficient data.  The Mann-Kendall worksheets are provided in Appendix C.  The trend analysis 
was performed for the following COPCs: 

  Anthracene; 

  Chrysene; 

  Fluoranthene; 

  Phenanthrene; 

  Pyrene; 

  TEPH-diesel; and 

  Total cyanide. 

The evaluation indicated that the concentration of anthracene in wells MW-H4B and MW-H5B 
was increasing.  There was not any discernable trend for chrysene, fluoranthene, pyrene, or 
TEPH-diesel.  The evaluation indicated an increasing trend for phenanthrene in MW-4B and no 
discernable trend in MW-H5B.  The concentration of cyanide in MW-H2B and MW-H4A 
exhibited an increasing trend while no discernable trend in cyanide concentrations was found in 
the data from MW-H4B, MW-H2A, and MW-H5A. 
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7. TECHNICAL ASSESSMENT 

Following the EPA guidance for conducting Five-Year Reviews, a technical assessment of a 
remedy addresses the following three questions. 

Question A: Is the remedy functioning as intended by the decision documents? 

Answer A:  Yes.  The remedial action implemented for this Site continues to provide 
protection to human health and the environment through reduced exposure pathways from 
the cap, engineering controls incorporated into the MHSPs, cap maintenance, and 
institutional controls restricting land use. 

Evaluation of potential health impacts to human receptors at Howard Terminal was based 
on a conceptual site model (“CSM”).  The CSM continues to represent current contaminant 
sources, relevant fate and transport mechanisms, exposure pathways, routes of exposure, 
and potential receptors. 

In the evaluation of human health risk, potential human receptors were limited to 
occasional utility workers at the Site.  Highly conservative estimates of risk to potential 
future utility workers were calculated based on the assumption that soil and groundwater 
remediation would not be performed.  Risks to utility workers will be mitigated through 
development and implementation of health and safety plans.  

Semi-annual cap inspections have been performed in accordance with the O&M 
Agreement.  No cracks of sufficient size to penetrate the cap to the soil have been 
observed.  Construction activities at the Site involving subsurface work have been carried 
out in accordance with the MHSPs and, upon completion of the work, the cap has been 
restored. 

Question B: Are the exposure assumptions, toxicity data, cleanup levels, and 
remedial action objectives used at the time of the remedy selection still 
valid? 

Answer B:  Yes.  The exposure assumptions and remedial action objectives used during 
the remedy selection process are still valid.  These exposure assumptions and remedial 
action objectives were based on the CSM, which assumed continued use of the Site as a 
marine shipping terminal.  The exposure scenarios described in the RAW are consistent 
with the current conditions and anticipated future use of the Site. 

BASELINE reviewed the groundwater data collected since the risk assessment was 
performed in the RAW to determine whether new data warranted re-evaluation of the 
health or environmental risk.  Analysis of the groundwater data using the Mann-Kendall 
statistical test has indicated that the COPC concentrations in groundwater were stable or 
slightly increasing (Appendix C).  The maximum concentrations of five of the 32 COPCs 
identified in groundwater and evaluated in the risk assessment (acenaphthene, 
benzo(a)anthracene, fluorine, naphthalene, and cyanide) have increased (Table 1).  
However, these increases do not change the result of the risk assessment since the health 
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risks from COPCs in soil, not groundwater, were the dominant factors in the cumulative 
risk. 

There have been no new documented releases of hazardous materials into the soil, 
therefore, concentrations of COPCs in the soil remain the same or less.  The CSM remains 
valid as the Site is being used as an active shipping terminal and the asphaltic concrete cap 
has been maintained in good condition over the last five years.  The RMP and MHSPs will 
continue to provide monitoring and engineering controls to protect construction workers 
involved in subsurface work. 

Nine of the COPCs have new toxicity factors as compared to those used when the Health 
Risk Assessment for the Site was prepared in the RAW.  These COPCs are arsenic, 
barium, benzene, cadmium, naphthalene, phenanthrene, toluene, vanadium, and xylenes.  
However, these updated toxicity factors have no impact on the effectiveness of the remedy 
because the remedy was not contingent on cleanup goals that would have been calculated 
from toxicity factors, but rely on engineering and institutional controls to protect receptors 
from exposure.   

A screening-level ecological risk assessment (“ERA”) was performed in the RAW for 
chemicals of potential ecological concern (“COPECs”) present at Howard Terminal.  The 
ERA focused on potential impacts to aquatic organisms inhabiting the Oakland Inner 
Harbor due to discharge of groundwater from the Site.  The CSM for the ecological risk 
assessment identified the only complete ecological exposure pathway identified for the Site 
consisted of chemicals leaching into the groundwater from the soil, and subsequent 
transport of the chemicals to the Inner Harbor in the groundwater.  Potential receptors 
associated with this pathway include marine aquatic organisms, which are exposed via 
ingestion, respiration, and dermal contact.  There have been no changes in the marine 
surface water quality criteria since the ERA was performed. 

BASELINE re-evaluated the ERA using the most recent groundwater monitoring data 
(collected 3 November 2006) against the applicable ambient surface water quality criteria 
(Appendix D).  BASELINE screened the maximum detected analyte concentrations against 
the appropriate ambient water quality criteria (Table 2).  Three COPECs, cyanide, TEPH 
as diesel, and TEPH as motor oil, were reported above the ambient water quality criteria in 
groundwater samples collected during the last monitoring event and, therefore, have the 
potential to impact ecological receptors in the Oakland Middle Harbor.  The reported 
concentrations of these COPECs were further evaluated by performing fate and transport 
modeling to determine if the concentrations exceeded the ambient water quality criteria at 
the point of discharge. 

Modeling was performed using BIOSCREEN, a fate and transport modeling software 
supported by the EPA.  The model uses chemical data, soil and groundwater flow 
parameters, other Site-specific characteristics, retardation factors, and first-order decay 
parameters to estimate the transport and attenuation of chemicals and chemical compounds 
in groundwater.  The modeling performed was conservative since the reduction in 
chemical or chemical compound concentration due to decay was ignored and only the 
modeling of cyanide fate and transport accounted for retardation (i.e., for TEPH as diesel 
and motor oil, only dispersion was considered in the fate and transport modeling) (Figure 
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11).  The modeling was performed using published and Site-specific input parameters 
(Table 3).  Modeling indicated that the concentration of cyanide, TEPH as diesel, and 
TEPH as motor oil at the point of discharge would be less than the marine surface water 
quality criteria (Table 4).  Backup documentation from the BIOSCREEN modeling is 
provided in Appendix D. 

Question C: Has any other information come to light that could call into question 
the protectiveness of the remedy? 

Answer C.  Yes.  BASELINE discovered measurable free-phase product in groundwater 
monitoring well MW-H6B during the groundwater monitoring performed in November 
2006.  This is the first time that product has been detected in this well.  The product was 
observed to be heavy viscous oil.  On 15 December 2006, BASELINE collected a product 
sample from MW-H6B and submitted it to Friedman and Bruya, Inc. (“F&B”), an 
analytical laboratory that specializes in forensic analysis.  The sample was submitted for 
the following analyses: 

  Hydrocarbon Fuel Scan by ASTM D-3328 Modified, 8015 Modified 
  Simulated Distillation by ASTM 2887 Modified, 8015 Modified 
  Viscosity 

A copy of the laboratory report is provided in Appendix E. 

The hydrocarbon fuel scan (‘HFS”) is a qualitative gas chromatography (“GC”) analysis.  
Samples are extracted or diluted into a solvent and analyzed using a GC fitted with a flame 
ionization detector (“FID”).  The resultant output provides information on the boiling 
range and general composition of the material in the sample.  Sample results are then 
compared to previously analyzed hydrocarbon fuels, and the expected chemical properties 
of products based on their physical characteristics.  The carbon range of the material was 
reported at Carbon 15 (“C-15”) to C-31, with the bulk of the material between C-17 and C-
27 (Appendix E). 

Simulated distillation provides information on the boiling point of organic materials that 
are present in a sample using GC.  Simulated distillation is used to distinguish petroleum 
distillates such as gasoline, diesel, and motor oil.  If a sample contains multiple petroleum 
products, simulated distillation can provide information on each product.  Information 
related to the extent that gasoline or diesel has degraded can also be ascertained.  The 
figures provided in F&B’s report show that the material is not consistent with diesel or 
motor oil (Figures 1 through 3, Appendix E). 

Viscosity is a measure of the resistance of a fluid to deform under shear stress.  It is 
commonly perceived as "thickness", or resistance to pouring.  Viscosity describes a fluid's 
internal resistance to flow and may be thought of as a measure of fluid friction.  Thus, 
water is "thin", having a lower viscosity, while motor oil is "thick" having a higher 
viscosity.  Viscosity results may be reported in units of poise (“P”) or stokes (“St”), or 
dynamic vs. kinematic viscosity, respectively.  The kinematic viscosity equals the dynamic 
viscosity divided by the density of the material. 
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The laboratory analytical results indicated that the material has a relatively high kinematic 
viscosity of 130,000 centistokes (“cSt”) at 20 degrees Celsius (“°C”).  In order to achieve 
some understanding of the reported value, it is necessary to compare the laboratory 
reported value against published values.  Most published values for viscosities are reported 
in units of poise, i.e., dynamic viscosity.  Since viscosity decreases with an increase in 
temperature, when comparing viscosities of different materials it is necessary to compare 
viscosities measured at similar temperatures.1 

Most petroleum oils (automotive, hydraulic, and crude oils) have densities in the range of 
800 to 975 kg/m3.  Therefore, converting the kinematic viscosity of the product from MW-
H6B to dynamic viscosity would yield estimated dynamic viscosity values ranging from 
104,000 to 126,800 cP.  For comparative purposes, heavy machine oil at 20 °C has a 
dynamic viscosity of 233 cP, honey at 20 °C has a dynamic viscosity of 10,000 cP, ketchup 
at 25 °C has a dynamic viscosity of 98,000 cP, and peanut butter at 20 °C has a dynamic 
viscosity of 250,000 cP.2  This indicates that the product at 20°C, which is the general 
temperature of groundwater, is very viscous and not likely to be mobile. 

Studies on the oil spills in marine environments have indicated that the viscosity of heavy 
oil such as bunker fuel increases with age when the product is spilled onto water, as the 
lighter end hydrocarbons are lost due to volatilization (Leeder, 2005).  Test performed on 
different types of bunker fuel that were exposed to water over several days found that the 
viscosities increased as much as 1,000 times within 96 hours. 

Based on tests performed, F&B concluded that the material was consistent with a high 
boiling point product such as residual fuel, lube oil, or similar material.  Friedman and 
Bruya also concluded that the product was consistent with a residual fuel from a historic 
release of up to 50 years or more.  The material appears to be residual fuel from historic 
operations at the Site.  This material’s high viscosity will limit its ability to migrate 
through the soil.   

8. ISSUES 

Three issues were identified during this Five-Year Review that may affect the current and 
anticipated future protectiveness of the remedy.  BASELINE’s review of groundwater 
monitoring data indicates: 1) that the concentrations of anthracene, phenanthrene, and cyanide 
are increasing in some or all wells; 2) free-phase product was observed in MW-H6B during 
groundwater monitoring performed in November 2006; and 3) the review of the ERA indicated 
that cyanide, TEPH as diesel, or TEPH as motor oil are still present in the groundwater 
                                                 
1  Kinematic viscosity is measured in units of meters squared per second (“m2/sec”) or stokes.  It is sometimes expressed in terms 
of centistokes.  The units for dynamic viscosity are kilogram per meter-second (“kg/m sec”) or poise and centipoise (“cP”).  
These relationships are expressed mathematically below: 
  1 stoke = 100 centistokes = 0.0001 m2/sec. 
  1 poise = 100 centipoise = 0.1 kg/m sec 

Conversion between kinematic and dynamic viscosity, then, is given by  = μ where: 
 = kinematic viscosity (m2/sec) 
 = density (kilograms per cubic meter [“kg/m3”]) 

μ = dynamic viscosity (kg/m sec) 
 
2 Transtronics, Inc. webpage, http://xtronics.com/reference/viscosity.htm, accessed 22 January 2007. 
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exceeding the ambient water quality criteria.  However, fate and transport modeling indicates 
that cyanide, TEPH as diesel, or TEPH as motor oil are not discharging into the Oakland Inner 
Harbour at or above the applicable ambient water quality criteria concentrations.  While cyanide 
has not been reported in samples collected in downgradient wells, the laboratory reporting limit 
for cyanide is higher that the ambient water quality criteria of 1µg/L. 

9. RECOMMENDATIONS AND FOLLOW-UP ACTIONS 

The Port will continue to implement the provisions of the O&M Agreement and CRUP.  
Continued groundwater monitoring should be performed to monitor the concentrations of 
anthracene, phenanthrene, and cyanide in the groundwater.  Groundwater samples collected at 
MW-H4 and MW-H5 will continue to be analyzed for TEPH as diesel and motor oil to monitor 
possible migration of the product observed in MW-H6B.  In order to more closely monitor the 
trend of cyanide concentrations, BASELINE recommends that future analyses of cyanide be 
performed using EPA Method 1677, which will provide a lower reporting limit.  In addition, it is 
recommended that TPH analyses be discontinued from all deeper wells, since no concentrations 
have been reported in the last three years. 

10. PROTECTIVE STATEMENT 

The findings of this Five-Year Review indicate that the remedy continues to be protective of 
human health and the environment.  The level of protectiveness is expected to continue into the 
future based on the performance of the remedy during the past five years.  Evaluation of 
groundwater monitoring data indicates that the groundwater contaminants, with the exception of 
cyanide, are relatively stable.  Modeling has indicated that contaminant concentrations are not 
adversely affecting ecological receptors.  In addition, a Site inspection conducted during this 
Five-Year Review did not identify any visible evidence of potential problems with the asphaltic 
concrete cap. 

11. NEXT REVIEW  

The next Five-Year Review will be conducted in December 2011 and a Final Five-Year Review 
Report will be submitted to the DTSC in January 2012. 
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CURRENT SITE LAYOUT Figure 4

Source: Pacific Aerial Surveys, Aerial Photograph - 16 August 1996.
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SCHEMATIC CROSS-SECTION ACROSS QUAY WALL Figure 5
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FATE AND TRANSPORT OF DISSOLVED CHEMICALS OF
POTENTIAL ECOLOGICAL CONCERN

Figure 11
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Howard Terminal
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TABLE 1: Changes in Maximum Groundwater Concentration of Chemicals of Potential Concern (mg/L)
Howard Terminal
Port of Oakland, CA

Analyte

Maximum 
Groundwater 

Concentration 2006 2

Acenaphthene 9.5E-04 3 3.8E-02

Benzo(a)anthracene 1.1E-04 2.0E-04

Fluorene 2.3E-03 2.6E-03

Naphthalene 4.8E-04 3 3.5E-03

Cyanide 1.5E+00 4.1E+00

1 Maximum concentration at time of the RAW - 2002.
2 Maximum concentration based on an additional six groundwater monitoring events 2002-2006.
3 Analyte not reported above reporting laboratory limit; used one-half the reporting limit.

Maximum 
Groundwater 

Concentration  2002 1
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TABLE 2: Screening for Chemicals of Potential Ecological Concern (mg/L)
Howard Terminal
Port of Oakland, CA

Chemical COPEC

Polycyclic Aromatic Hydrocarbons (PAHs)
Acenaphthene 0.71 1,2 0.38 <0.00095 no
Acenaphthylene 0.3 1,3 0.039 <0.0019 no
Anthracene 0.3 1,3 0.0074 <0.0001 no
Benzo(a)anthracene 0.3 1,3 0.002 <0.0001 no
Benzo(a)pyrene 0.3 1,3 <0.0001 <0.0001 no
Benzo(b)fluoranthene 0.3 1,3 <0.0002 <0.0019 no
Benzo(k)fluoranthene 0.3 1,3 <0.0001 <0.0001 no
Benzo(g,h,i)perylene 0.3 1,3 <0.0002 <0.0019 no
Chrysene 0.3 1,3 0.00016 <0.0001 no
Dibenz(a,h)anthracene 0.3 1,3 <0.0002 <0.00019 no
Fluoranthene 0.016 1,2 0.0045 0.00065 no
Fluorene 0.3 1,3 0.0026 <0.00019 no
Indeno(1,2,3-cd)pyrene 0.3 1,3 0.0018 <0.0001 no
Naphthalene 2.35 1,3 <0.0001 <0.00096 no
Phenanthrene 0.0046 1,2 0.0028 <0.0001 no
Pyrene 0.3 1,3 0.0052 0.00088 no

Other Constituents
Available Cyanide 5 0.001 1,2, 6 3.6 0.37 yes

TEPH as diesel 0.64 4 0.68 <0.050 yes
TEPH as motor oil 0.64 4 0.75 <0.30 yes

Notes:
Maximum concentrations are based on the results of groundwater sampling, and subsequent analyses, performed on 
3 November 2006.
SAF = San Antonio Formation.
COPEC = Chemical of potential ecological concern.
<xx = Chemical not identified above laboratory reporting limit of xx in any of the samples.
NA = Not available.
Yes = Chemical selected as COPEC.
No = Chemical not selected as COPEC.
TEPH = Total extractable petroleum hydrocarbons.
mg/L = milligram per liter

1 National Oceanic and Atmospheric Administration, 1999, Screening Quick Reference Tables , September. Criteria Continuous 
 Concentration (chronic) was used unless not available, in which case the Ctriteria Maximum Concentration (acute) was used.
2 Chronic
3 Acute

5 Available cyanide species are more bioavailable than other (iron-cyanide complexes) and include free cyanide or complexes that ma
form free cyanide.

6 Free cyanide

Contaminated Soil and Groundwater, Interim Final, February.

Marine Water 
Quality Criteria

Maximum 
Concentration in 

Fill

Maximum 
Concentration in 

SAF 

4 San Francisco Regional Water Quality Control Board (“RWQCB”), 2005, Screening for Environmental Concerns at Sites with 
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TABLE 3: BIOSCREEN Model Input Data
Howard Terminal
Port of Oakland, CA

Parameter Definition (units) Value Reference

Source Zone Width
 (feet)

Cyanide - 100
TPH - 25

Site specific - assume a large source width 
for cyanide because it is in fill and a smaller 
source width for TPH because it appears to 
be from limited releases.

Source Mass
 (kilogram) Infinite Conservitive assumtion, assumes no 

depletion of source material over time.

Source Thickness in Saturated Zone
 (feet)

Undifferentiated Fill - 10
San Antonio Formation - 20

BASEINE, Site Investigation Howard 
Terminal, November 1998.
Depth of fill is 6 to 14 feet, depth ot 
groundwater 5 to 12.5 feet bgs

Saturated Hydraulic Conductivity
 (centimeters per second)

Undifferentiated Fill - 0.001
San Antonio Formation - 0.005

Subsurface Consultants, Draft Hydrogeologic 
Investigation -50 Foot Navigatioin 
Improvement Project, Port of Oakland, 
December 23, 1997. Based on the results of 
slug tests.  Values are within the range of 
published hydraulic conductivity values for 
silty sand: Freeze, Allan and Cherry, John, 
1979, Groundwater , Prentice-Hall, Inc.

Groundwater Gradient
 (unitless)

Undifferentiated Fill - 0.0026
San Antonio Formation - 0.0004

BASELINE Groundwater Monitoring 
Reports. Average groundwater gradient 
observed in fill from six groundwater 
monitoring events between June 2002 and 
November 2006. See Figures 7 and 8.

Modeled Plume Length
(feet) Well specific Distance in the direction of groundwater flow 

to the edge of the wharf
Modeled Plume Width
(feet) 0.25 time plume length Modeled plume width was one-fourth the 

plume length

Effective Porosity in Water-bearing Unit
 (percent) 28%

Ram S. Gupta, Hydraulic and Hydraulic 
Systems , Prentice Hall 1989, page 130. 
Medium sand.

Organic Carbon Partition Coefficient
 (liters per kilogram) Considered only for cyanide - 17 U.S. EPA Region 9 PRGs, 2004

Fraction of Organic Carbon
 (percent) 0.001 BIOSCREEN default

Soil Bulk Density
 (kilogram per liter) 1.7 BIOSCREEN default

Longitudinal Dispersivity
 (feet) Alpha x = 3.28*0.83*[log10(Lp/3.28)]2.414

Transverse Dispersivity
 (feet) Alpha y = 0.10*alpha x

Vertical Dispersivity
 (feet) Alpha z = 1*10-99

BIOSCREEN program defaults based on 
commonly used relationships representative 
of typical and low-end dispersivities.
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TABLE 4: Chemicals of Potential Ecological Concern Source Concentrations and Modeling Results (mg/L)
Howard Terminal
Port of Oakland, CA

Formation and
Well ID

Groundwater
Concentration

Distance to Harbor in 
the Direction of 

Groundwater Flow Marine Water Criteria 1
Estimated Groundwater 
Concentration at Harbor

(feet) After 50 Years

Fill
MW-H2B 3.6 1600 0.001 <0.001
MW-H4B 0.23 1000 0.001 <0.001
San Antonio Formation
MW-H2A 0.086 1600 0.001 <0.001
MW-H5A 0.013 600 0.001 <0.001

Fill
MW-H1B 0.68 150 0.64 0.31

Fill
MW-H1B 0.75 150 0.64 0.34

Notes:
See Figures 7 and 8 for well locations.
Groundwater monitoring data provided in Appendix B.
1 See Table 2.

Cyanide

TPH as Diesel

TPH as Motor Oil
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2006 ANNUAL GROUNDWATER MONITORING 
CHARLES P. HOWARD TERMINAL 

Oakland, California 

INTRODUCTION 
This report documents the 2006 annual groundwater monitoring event performed on 3 November 
2006 at the Charles P. Howard Terminal (“Site”) (Figure 1) in accordance with the requirements 
of the Operations and Maintenance Agreement between the City of Oakland, a municipal 
corporation, acting by and through its Board of Port Commissioners (“Port”) and the Department 
of Toxic Substances Control (“DTSC”), dated 12 August 2004.  These activities were performed 
in accordance with the Final Removal Action Workplan (“RAW”), approved by DTSC on 22 
February 2002. 
 
FIELD ACTIVITIES 
Groundwater monitoring activities were performed by BASELINE at the Site on 3 November 
2006 and are documented in groundwater sampling forms provided in Attachment A. 
 
Between 12:00 PM and 2:10 PM on 3 November 2006, the depth-to-groundwater from the top of 
the well casing (“TOC”) was measured to the nearest one-hundredth of a foot in each of the 
monitoring wells at the Site using a dual-phase interface probe (Table 1).  The thickness of any 
free-phase product was also recorded.  These measurements were made following a predicted1 
high-high tide for the Oakland Inner Harbor Tide Correction Station, which occurred at 9:53 AM 
at 6.8 feet on 3 November.  The probe was decontaminated after each use by washing the probe 
with an Alconox™ and water solution and rinsing with deionized water. 
 
Each monitoring well was purged prior to sampling using a peristaltic pump and new disposable 
polyethylene tubing.  The wells were purged until the electrical conductivity, pH, and 
temperature of the water had stabilized. 
 
The volume of groundwater purged from the wells screened in the shallow fill material ranged 
from approximately two to twelve times the well’s casing volume.  The pump intake was initially 
placed near the well bottom in all shallow wells except in MW-H1B.  A different sampling 
protocol was use at MW-H1B because of the presence of free-phase product in that well, as 
discussed below. 
 
Free-phase product was detected in monitoring wells MW-H1B and MW-H6B at depths of 8.27 
and 8.14 feet below the TOC, respectively.  Product thickness was estimated to be 1.37-foot at 
well MW-H1B and 0.58-foot at MW-H6B.  Due to the viscous nature of the product, a precise 
measurement was not possible.  Approximately 20 milliliters of the product were removed from 
the groundwater surface using a peristaltic pump and new disposable polyethylene tubing.  

                                                 
1 Predicted tide levels for the nearby Oakland Inner Harbor Correction Station are based on astronomic 

conditions and do not account for barometric pressure or wind speed and direction and therefore may differ from 
actual tide levels. 
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Immediately following product removal, a one-inch temporary stainless steel casing was inserted 
into the well, extending from the TOC to a depth of 13 feet.  Purging and sampling of the 
groundwater from this well was conducted by inserting a new polyethylene tube inside the 
temporary casing and setting the intake at eleven feet below the TOC, two feet above the bottom 
of the temporary casing, in order to exclude free-phase product from the sample to the maximum 
extent possible.  The temporary casing was removed following monitoring activities. 
 
Wells screened in the deeper San Antonio Formation were purged of the approximate volume of 
water in the well casing and sand filter pack.  The intake point during purging was initially 
placed near the well bottom, and raised to near the water surface while purging. 
 
Groundwater samples from all wells, except MW-H1B, were collected from near the bottom of 
the well using a peristaltic pump and polyethylene tubing.  A field duplicate (MW-H7B,d), 
consisting of duplicate water sample from monitoring well MW-H7B was poured into the 
appropriate sample containers, was also prepared.  Groundwater sample bottles were labeled and 
stored in a cooler containing ice.  The groundwater samples were submitted under chain-of-
custody protocol to Curtis & Tompkins, Ltd. of Berkeley, a California-certified analytical 
laboratory.  The groundwater samples were analyzed for: 
 
  Polynuclear aromatic hydrocarbons (“PAHs”) in accordance with EPA Method 8310; 
  Total extractable petroleum hydrocarbons (“TEPH”) as diesel and motor oil in accordance 

with EPA Method 8015M with a silica gel cleanup;  
  Total cyanide in accordance with EPA Method 335.2; and 
  Amenable cyanide in accordance with EPA Method 9010. 
 
Approximately 108 gallons of purge and decontamination water were generated from the 2005 
monitoring activities.  The water was placed in two 55-gallon drums, properly labeled, and 
stored on-Site near the existing aboveground fuel tank located on the western portion of the Site.  
Proper drum disposal will be arranged by the Port. 
 
OBSERVATIONS AND ANALYTICAL RESULTS 
Analytical results for the groundwater samples are summarized in Tables 2 through 4.  The 
laboratory reports are provided in Attachment B. 
 
PAHs 
Four of the six groundwater samples collected from the shallow wells contained PAHs above the 
laboratory reporting limits (Table 2).  The sum of the PAH concentrations reported in these 
wells, MW-H1B, MW-H4B, MW-H5B, and MW-H7B, ranged from 0.32 to 50 micrograms per 
liter (“µg/L”).  Total PAH concentration in wells MW-H1B, MW-H4B, and MW-H7B increased 
from the last monitoring event, while concentrations in MW-H5B decreased. 
 
Only one of the four groundwater samples from the San Antonio Formation wells contained 
PAHs above the laboratory reporting limit (Table 2).  The sum of the PAH concentrations 
reported in well MW-H4A was 1.53 µg/L.  This concentration is lower compared to the 2005 
groundwater monitoring results. 
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TEPH 
Free product was encountered in monitoring wells MW-H1B and MW-H6B.  BASELINE 
measured thickness of the product in MW-H1B at 1.37 feet.  The thickness of the product at 
MW-H6B could not be accurately measured due to the viscous nature of the product, which 
coated the sensors at the end of the dual-phase interface probe.  None of the other wells 
contained free product.   
 
Three of the groundwater samples from wells screened in the shallow fill contained TEPH 
quantified by the laboratory as diesel; groundwater samples from MW-H1B, MW-H4B, and 
MW-H5B contained concentrations at 680 µg/L, 150 µg/L, and 53 µg/L, respectively (Table 3); 
the TEPH as diesel concentration in MW-H1B may be elevated due to the presence of free 
product.  The remaining shallow wells did not contain TEPH as diesel above the laboratory 
reporting limit of 50 µg/L.  TEPH as motor oil was only reported in water sample collected from 
monitoring well MW-H1B above the laboratory reporting limit of 300 µg/L.  The reported 
concentration of TEPH as motor oil in the sample was 750 µg/L.  The laboratory report also 
indicated that heavier hydrocarbons contributed to the quantitation of TEPH as diesel in the 
groundwater sample from monitoring well MW-H1B; lighter hydrocarbons contributed to the 
quantitation of TEPH as motor oil in the groundwater sample from monitoring well MW-H1B; 
and chromatographic pattern in samples from monitoring wells MW-H1B, MW-H4B, and MW-
H5B did not resemble the diesel standard. 
  
The four groundwater samples collected from the San Antonio Formation wells did not contain 
TEPH as diesel or motor oil above the laboratory reporting limits. 
 
Total and Amenable Cyanide 
Groundwater samples from the shallow wells MW-H2B and MW-H4B contained total cyanide at 
4.1 and 0.36 milligrams per liter (“mg/L”), respectively (Table 4).  The remaining three shallow 
wells did not contain cyanide above the laboratory reporting limit of 0.01 mg/L; one of these 
wells, MW-H5B, had previously contained low concentrations of cyanide.  San Antonio 
Formation groundwater samples from MW-H2A, MW-H4A, and MW-H5A contained total 
cyanide at 0.50, 0.12, and 0.03 mg/L, respectively.  The groundwater sample from well MW-
H1A did not contain total cyanide above the laboratory reporting limit.   
 
Six samples, three from the shallow wells, MW-H1B, MW-H4B, and MW-H5B, and three from 
the San Antonio formation, MW-H2A, MW-H4A, and MW-H5A, were analyzed for amenable 
cyanide in accordance with EPA Method 9010.  These wells contained total cyanide above 
laboratory reporting limits in previous monitoring events.  Amenable cyanide is equivalent to 
total cyanide in a sample less the iron-cyanide complexes.  For shallow fill samples, 
concentrations of amenable cyanide in MW-H2B and MW-H4B were reported at 3.6 and 0.23 
mg/L, respectively.  Amenable cyanide concentration in MW-H5B was not detected above the 
laboratory reporting limit of 0.01 mg/L.  San Antonio Formation groundwater samples, MW-
H2A, MW-H4A, and MW-H5A contained amenable cyanide concentrations of 0.37, 0.086, and 
0.013 mg/L, respectively. 
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GROUNDWATER FLOW DIRECTION 
The surveyed elevation of the top of each groundwater monitoring well casing and the depth to 
groundwater which were measured after the high-high tide for the day, were used to determine 
the groundwater elevation.  The groundwater elevation data are summarized in Table 1.  
Groundwater elevation contours in the fill and San Antonio Formation were constructed from 
these data (Figures 2 and 3).  The groundwater flow direction in the fill was directed toward the 
southwestern corner of the Site toward the end of the quay wall.  Groundwater flow direction in 
the San Antonio Formation was also to the southwest.  The November 2006 groundwater 
contours are consistent with previous data. 
 
QUALITY ASSURANCE AND QUALITY CONTROL 
The laboratory data was reviewed for completeness and accuracy.  All of the laboratory quality 
assurance and quality control (“QA/AC”) goals were met.  A duplicate sample was collected at 
monitoring well MW-7B and was evaluated using the same analysis for the original sample.  
TEPH-diesel, TEPH-motor oil, and total cyanide were not detected above laboratory reporting 
limits in both the original and duplicate samples.  Pyrene was detected in both samples with a 
relative percent difference of three percent. 
 
CONCLUSIONS 
Based on the analytical data from the November 2006 groundwater monitoring event, the 
following conclusions were drawn: 
 
  PAH constituents were detected in wells similar to previous monitoring events.  The total 

PAH concentrations increased in wells MW-H1B, MW-H4B, and MW-7B, while 
concentrations decreased in MW-H5B. 

  Results of TEPH-diesel was consistent with the last monitoring event with the exception of 
MW-H7B, where the concentration were not identified above the laboratory reporting 
limit.  TEPH-motor oil was only detected above laboratory reporting limit in water sample 
from well MW-H1B.  TEPH-motor oil was not detected above the laboratory reporting 
limit in the 2005 groundwater monitoring event. 

  Total cyanide in shallow wells was reported above laboratory reporting limit in samples 
MW-H2B and MW-H4B.  The results were consistent with the previous groundwater 
monitoring events.  In the San Antonio formation, total cyanide was detected above the 
laboratory reporting limit in three of the four samples submitted for analyses:  MW-H2A; 
MW-H4A; and MW-H5A.  Presence of amenable cyanide was detected above laboratory 
reporting limits in samples that contained total cyanide. 
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TABLE 1: Groundwater Elevation Data, Charles P. Howard Terminal, Oakland, California

Well ID Date Time

Top of Casing 
Elevation

(NGVD 29)

Depth to 
Groundwater

(feet bgs)

Groundwater 
Elevation

(NGVD 29)

Fill Monitoring Wells

MW-H1B1 11/3/06 12:00 9.26 6.94 2.32

MW-H2B 11/3/06 13:42 10.83 8.09 2.74

MW-H3B 11/3/06 13:26 7.51 4.82 2.69

MW-H4B 11/3/06 13:48 9.31 7.89 1.42

MW-H5B 11/3/06 13:54 6.75 5.18 1.57

MW-H6B2 11/3/06 13:35 10.17 -- --

MW-H7B 11/3/06 13:15 5.24 7.19 -1.95

MW-H8B 11/3/06 14:10 5.63 8.20 -2.57

San Antonio Formation Monitoring Wells

MW-H1A 11/3/06 13:59 9.40 6.94 2.46

MW-H2A 11/3/06 13:40 10.37 8.33 2.04

MW-H3A 11/3/06 13:25 7.40 5.75 1.65

MW-H4A 11/3/06 13:46 8.91 7.28 1.63

MW-H5A 11/3/06 13:53 7.06 5.71 1.35

MW-H6A 11/3/06 13:30 10.11 7.88 2.23

Notes:
NGVD 29 = National Geodetic Vertical Datum of 1929.
bgs = below ground surface.
Tidal conditions during collection of water levels:a high-high tide on 11/3/05 was at 9:53 AM at 6.8 feet 
above mean lower low water (MLLW) based on Oakland Inner Harbor Tide Correction Station.
Water levels in the San Antonio Formation wells experience significant tidal influence, 
while the wells in the shallow fill experience only minor influence. 
See Figures 2 and 3 for monitoring well locations and groundwater elevation contours.

1 Free-phase product 0.02-foot thick was measured with a dual-phase interface probe, groundwater elevation data from this well 
were not included in the development of groundwater contours.
2 Free-phase product detected with a dual-phase interface probe, the thickness was could not be accurately measured due to the 
viscous nature of the product, groundwater elevation data from this well were not included in the development of groundwater 
contours.
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TABLE 2:  Summary of PAH Analysis, Groundwater, Charles P. Howard Terminal, Oakland, California (µg/L)

Sample 
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MW-H1B 04/08/98 <0.96 <9.6 2.2 0.11 0.28 0.25 <0.19 <0.10 0.54 0.92 1.0 2.3 1.8 <4.8 4.9 0.77 15
12/19/00 <1.1 <2.1 <0.53 0.19 <0.11 <0.21 <0.21 <0.11 0.28 <0.21 <0.42 <1.10 <0.15 <1.1 <0.53 <0.21 0.47
05/29/02 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 0.16 <0.10 0.16
11/14/02 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 0.10 <0.19 <0.19 <0.19 <0.10 <0.96 0.16 0.10 0.36
11/17/03 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.96 <0.10 <0.10 ND
12/07/04 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 3.5 4.1 <0.10 7.6
11/17/05 <0.96 <1.9 0.28 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 1.2 <0.19 <0.10 1.1 <0.10 <0.10 2.58
11/03/06 <0.99 3.9 <0.1 0.2 <0.1 <0.2 <0.2 <0.1 <0.1 <0.2 0.26 <0.2 <0.1 <0.99 <0.1 <0.1 4.36

MW-H2B 04/08/98 <0.94 <9.4 <0.47 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.38 <0.94 <0.13 <4.7 <0.47 <0.19 ND
05/29/02 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 <0.10 <0.10 ND
11/14/02 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.19 <0.19 <0.09 <0.94 <0.09 <0.09 ND
11/17/03 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 <0.10 <0.10 ND
12/06/04 <0.98 <2.0 <0.10 <0.10 <0.20 <0.20 <0.19 <0.10 <0.10 <0.20 <0.20 <0.20 <0.10 <0.98 <0.10 <0.10 ND
11/17/05 <0.98 <2 <0.10 <0.10 <0.10 <0.2 <0.2 <0.10 <0.10 <0.2 <0.2 <0.2 <0.10 <0.98 <0.10 <0.10 ND
11/03/06 <0.95 <1.9 <0.1 <0.1 <0.1 <0.19 <0.19 <0.1 <0.1 <0.19 <0.19 <0.19 <0.1 <0.95 <0.1 <0.1 ND

MW-H4B 04/08/98 <1.90 29 <0.95 <0.19 0.20 <0.38 <0.38 <0.19 <0.19 <0.38 4.4 <1.90 <0.27 <9.5 <0.95 6.6 40
05/29/02 19 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 0.09 <0.19 3.4 <0.19 <0.09 <0.94 0.96 4.3 28
11/14/02 16 <1.9 0.46 0.15 <0.10 <0.19 <0.19 <0.10 0.17 <0.19 3.7 <0.19 0.10 <0.96 1.1 4.4 26
11/17/03 33 <1.9 0.55 0.15 0.11 <0.19 <0.19 <0.10 0.20 <0.19 4.8 <0.19 <0.10 <0.95 1.5 5.7 46
12/06/04 29 <2.0 0.75 <0.10 <0.10 <0.20 <0.20 <0.10 0.13 <0.20 3.9 <0.20 <0.10 <0.98 1.4 4.7 40
11/17/05 36 <2 0.58 0.12 <0.10 <0.2 <0.2 <0.10 0.14 <0.2 3.7 <0.2 0.12 <0.98 1.4 4.0 46
11/03/06 38 <1.9 0.74 0.17 <0.1 <0.19 <0.19 <0.1 0.16 <0.19 4.5 <0.19 <0.1 <0.95 1.5 5.2 50

MW-H5B 04/08/98 <0.94 <9.4 <0.47 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 1.1 <0.94 <0.13 <4.7 <0.47 1.2 2.3
05/29/02 <0.96 <1.9 0.12 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 1.2 <0.19 <0.10 <0.96 0.20 1.5 3.0
11/14/02 4.9 <1.9 0.37 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 1.1 1.2 <0.10 <0.96 3.1 1.2 12
11/17/03 5.1 <1.9 0.28 0.13 0.13 <0.19 <0.19 <0.10 0.21 <0.19 1.6 1.9 0.16 <0.96 2.8 1.9 14
12/06/04 4.9 <1.9 0.29 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 1.7 0.63 <0.10 <0.96 0.73 2.1 10
11/17/05 10 <1.9 0.5 0.1 <0.10 <0.19 <0.19 <0.10 0.13 <0.19 1.8 2.2 <0.10 <0.96 2.0 1.8 19
11/03/06 7 <1.9 0.43 0.14 <0.1 <0.19 <0.19 <0.1 0.13 <0.19 1.4 2.6 <0.1 <0.95 2.8 1.5 16

MW-H7B 12/19/00 <1.1 <2.1 <0.53 <0.11 <0.11 <0.21 <0.21 <0.11 <0.11 <0.21 2.4 <1.10 <0.15 1.6 7.2 2.4 14
05/29/02 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.19 <0.19 <0.09 <0.94 <0.09 0.45 0.45
11/14/02 <0.98/<0.94 <2.0/<1.9 <0.10/<0.09 <0.10/<0.09 <0.10/<0.09 <0.20/<0.19 <0.20/<0.19 <0.10/<0.09 <0.10/<0.09 <0.20/<0.19 <0.20/<0.19 <0.20/<0.19 <0.10/<0.09 <0.98/<0.94 <0.10/<0.09 0.55/0.55 0.55/0.55
11/17/03 <0.95/<0.95 <1.9/<1.9 <0.10/<0.10 <0.10/<0.10 <0.10/<0.10 <0.19/<0.19 <0.19/<0.19 <0.10/<0.10 <0.10/<0.10 <0.19/<0.19 <0.19/<0.19 <0.19/<0.19 <0.10/<0.10 <0.95/<0.95 <0.10/<0.10 0.52/0.48 0.52/0.48
12/07/04 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 <0.10 0.29 0.29
11/17/05 <0.95/<0.95 <1.9/<1.9 <0.1/<0.1 <0.1/<0.1 <0.1/<0.1 <0.19/<0.19 <0.19/<0.19 <0.1/<0.1 <0.1/<0.1 <0.19/<0.19 <0.19/<0.19 <0.19/<0.19 <0.1/<0.1 <0.95/<0.95 <0.1/<0.1 0.21/0.21 0.21/0.21
11/03/06 <0.95/<0.95 <1.9/<1.9 <0.1/<0.1 <0.1/<0.1 <0.1/<0.1 <0.19/<0.19 <0.19/<0.19 <0.1/<0.1 <0.1/<0.1 <0.19/<0.19 <0.19/<0.19 <0.19/<0.19 <0.1/<0.1 <0.95/<0.95 <0.1/<0.1 0.32/0.31 0.32/0.31

MW-H8B 12/19/00 <0.94 <1.9 <0.47 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.38 <0.94 <0.13 <0.90 <0.47 0.55 0.55
05/29/02 <0.94/<0.94 <1.9/<1.9 <0.09/<0.09 <0.09/<0.09 <0.09/<0.09 <0.19/<0.19 <0.19/<0.19 <0.09/<0.09 <0.09/<0.09 <0.19/<0.19 <0.19/<0.19 <0.19/<0.19 <0.09/<0.09 <0.94/<0.94 <0.09/<0.09 <0.09/<0.09 ND/ND
11/14/02 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.19 <0.19 <0.09 <0.94 <0.09 <0.09 ND
11/17/03 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 <0.10 <0.10 ND
12/07/04 <0.97 <1.9 <0.10 <0.10 <0.10 <0.20 <0.20 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.97 <0.10 <0.10 ND
11/17/05 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 <0.10 <0.10 ND
11/03/06 <0.95 <1.9 <0.1 <0.1 <0.1 <0.19 <0.19 <0.1 <0.1 <0.19 <0.19 <0.19 <0.1 <0.95 <0.1 <0.1 ND

Fill Monitoring Wells
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TABLE 2:  Summary of PAH Analysis, Groundwater, Charles P. Howard Terminal, Oakland, California (µg/L)

Sample 
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MW-H1A 04/08/98 <0.94 <9.4 <0.47 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.38 <0.94 <0.13 <4.7 1.1 <0.19 1.1
05/29/02 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.19 <0.19 <0.09 <0.94 <0.09 <0.09 ND
11/14/02 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 0.19 <0.19 <0.09 <0.94 <0.09 0.11 0.30
11/17/03 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 <0.10 <0.10 ND
12/06/04 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.96 <0.10 <0.10 ND
11/17/05 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.19 <0.19 <0.09 <0.94 <0.09 <0.09 ND
11/03/06 <0.95 <1.9 <0.1 <0.1 <0.1 <0.19 <0.19 <0.1 <0.1 <0.19 <0.19 <0.19 <0.1 <0.95 <0.1 <0.1 ND

MW-H2A 04/08/98 <0.94 <9.4 <0.47 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.38 <0.94 <0.13 <4.7 <0.47 <0.19 ND
05/29/02 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.96 <0.10 <0.10 ND
11/14/02 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.96 <0.10 <0.10 ND
11/17/03 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 0.13 <0.10 0.13
12/06/04 <0.97 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.97 <0.10 <0.10 ND
11/17/05 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.19 <0.19 <0.09 <0.94 <0.09 <0.09 ND
11/03/06 <0.95 <1.9 <0.1 <0.1 <0.1 <0.19 <0.19 <0.1 <0.1 <0.19 <0.19 <0.19 <0.1 <0.95 <0.1 <0.1 ND

MW-H4A 04/08/98 <0.95 13 0.48 0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 3.5 1.9 <0.13 <4.8 4.8 3.3 27
05/29/02 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 0.91 <0.19 <0.10 <0.95 <0.10 1.1 2.0
11/14/02 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 0.80 <0.19 <0.10 <0.96 <0.10 0.9 1.7
11/17/03 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 0.81 <0.19 <0.10 <0.95 <0.10 1.0 1.8
12/06/04 <0.97 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 0.89 <0.19 <0.10 <0.97 <0.10 1.1 2.0
11/17/05 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 0.92 <0.19 <0.10 <0.95 <0.10 1.1 2.02
11/03/06 <0.95 <1.9 <0.1 <0.1 <0.1 <0.19 <0.19 <0.1 <0.1 <0.19 0.65 <0.19 <0.1 <0.95 <0.1 0.88 1.53

MW-H5A 04/08/98 <0.96 <9.6 <0.48 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.38 <0.96 <0.13 <4.8 <0.48 0.24 0.24
05/29/02 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.96 <0.10 <0.10 ND
11/14/02 <0.94 <1.9 <0.09 <0.09 <0.09 <0.19 <0.19 <0.09 <0.09 <0.19 <0.19 <0.19 <0.09 <0.94 <0.09 <0.09 ND
11/17/03 <0.95 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.95 <0.10 <0.10 ND
12/06/04 <0.98 <2.0 <0.10 <0.10 <0.10 <0.20 <0.20 <0.20 <0.10 <0.20 <0.20 <0.20 <0.10 <0.98 <0.10 <0.10 ND
11/17/05 <0.96 <1.9 <0.10 <0.10 <0.10 <0.19 <0.19 <0.10 <0.10 <0.19 <0.19 <0.19 <0.10 <0.96 <0.10 <0.10 ND
11/03/06 <0.96 <1.9 <0.1 <0.1 <0.1 <0.19 <0.19 <0.1 <0.1 <0.19 <0.19 <0.19 <0.1 <0.96 <0.1 <0.1 ND

Notes:
<xx = not identified at or above the laboratory reporting limit of xx.
xx/yy = duplicate sample results.
Analyzed by EPA Method 8310.
Sample locations are shown on Figures 2 and 3.
Laboratory report for the November 2006 samples is in Attachment B.
ND = total PAHs not identified above the varying laboratory reporting limits.
PAH = polynuclear aromatic compounds.
µg/L = micrograms per liter.

San Antonio Formation Monitoring Wells
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TABLE 3: Summary of TEPH Analysis, Groundwater
Charles P. Howard Teminal, Oakland, California

Sample Date
TEPH as diesel 

(µg/L)
TEPH as motor 

oil (µg/L)
Fill Monitoring Wells

MW-H1B1 04/28/98 28,000 2 23,000 3

12/19/00 250 <300
5/29/02 <50 <300

11/14/02 150 4 <300
12/16/03 160 4 <300
12/07/04 1,500 2 810 3,4

11/17/05 410 <300
11/03/06 680 2,4 750 3

MW-H2B 04/28/98 <49/<50 <290/<300
05/29/02 <50 <300
11/14/02 <50 <300
12/16/03 <50 <300
12/06/04 <50 <300
11/17/05 <50 <300
11/03/06 <50 <300

MW-H4B 04/28/98 130 4 <290
05/29/02 78 4 <300
11/14/02 72 4 <300
12/16/03 130 4 <300
12/06/04 130 4 <300
11/17/05 200 4 <300
11/03/06 150 4 <300

MW-H5B 04/28/98 <47 <280
05/29/02 <50 <300
11/14/02 <50 <300
12/16/03 <50 <300
12/06/04 110 4 <300
11/17/05 88 2,4 <300
11/03/06 53 4 <300

MW-H7B 12/19/00 <50 <300
05/29/02 <50 <300
11/14/02 <50/<50 <300/<300
12/16/03 <50/<50 <300/<300
12/07/04 64 4 <300
11/17/05 210 2,4/<50 <300/<300
11/03/06 <50/<50 <300/<300

MW-H8B 12/19/00 <50 <300
05/29/02 <50/<50 <300/<300
11/14/02 <50 <300
12/16/03 <50 <300
12/07/04 <50 <300
11/17/05 <50 <300
11/03/06 <50 <300
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TABLE 3: Summary of TEPH Analysis, Groundwater
Charles P. Howard Teminal, Oakland, California

Sample Date
TEPH as diesel 

(µg/L)
TEPH as motor 

oil (µg/L)
San Antonio Formation Monitoring Wells

MW-H1A 04/08/98 <47 <280
05/29/02 <50 <300
11/14/02 <50 <300
12/16/03 52 4 <300
12/06/04 <50 <300
11/17/05 <50 <300
11/03/06 <50 <300

MW-H2A 04/08/98 <49 <290
05/29/02 <50 <300
11/14/02 <50 <300
12/16/03 <50 <300
12/06/04 <50 <300
11/17/05 <50 <300
11/03/06 <50 <300

MW-H4A 04/08/98 <49 <290
05/29/02 <50 <300
11/14/02 <50 <300
12/16/03 <50 <300
12/06/04 <50 <300
11/17/05 <50 <300
11/03/06 <50 <300

MW-H5A 04/08/98 <47 <280
05/29/02 <50 <300
11/14/02 <50 <300
12/16/03 <50 <300
12/06/04 <50 <300
11/17/05 <50 <300
11/03/06 <50 <300

Notes:
<xx = not identified at or above the laboratory reporting limit of xx.
xx/yy = duplicate sample results.
TEPH = total extractable hydrocarbons.
µg/L = micrograms per liter.
Analyzed by EPA Method 8015M; silica gel cleanup performed prior to analysis.
The marine chronic aquatic water quality criteria for both TEPH as diesel and as motor oil used in the risk assessment included in the
Final RAW was 640 µg/L.
Sample locations are shown on Figures 2 and 3.
Laboratory report for the November 2006 samples is in Attachment B.

1 The marked decrease in TEPH concentration between 4/28/98 and 12/19/00 is probably attributable to different groundwater sampling 
techniques used subsequent to the 4/28/98 event for MW-H1B.  The 4/28/98 sample was collected through the free-phase product and 
as a result, petroleum emulsions were entrained in the sample; therefore the concentration reported by the laboratory may not represent 
dissolved TEPH concentration. From the 12/19/00 event onward, sampling procedures were modified to ensure that petroleum
 emulsions would be minimized in the sample.
2 Sample contained hydrocarbons heavier than those contained in the standard.
3 Sample contained hydrocarbons lighter than those contained in the standard.
4 Sample exhibited pattern that did not resemble pattern of the standard.
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TABLE 4: Summary of Cyanide and TurbidityAnalyses, Groundwater, 
Charles P. Howard Terminal, Oakland, California

Sample Date
Cyanide 
(mg/L)

Amenable 
Cyanide       
(mg/L)

Fill Monitoring Wells
MW-H1B 04/08/98 <0.01 -- 32 1

12/19/00 -- -- 120 1

05/29/02 <0.01 -- 14 2

11/14/02 <0.01 -- 2.1 2

11/17/03 <0.01 -- 2.0 2

12/07/04 <0.01 -- 4.3 2

11/17/05 <0.01 -- 7.1 2

11/03/06 <0.01 -- NR 2

MW-H2B 04/08/98 1.5/1.4 -- 8.5/9.5 1

05/29/02 2.5 -- 2.5 2

11/14/02 2.8 -- 0.7 2

11/17/03 3.0 -- 0.9 2

12/06/04 1.8 -- 1.3 2

11/17/05 3.7 -- 3.9 2

11/03/06 4.1 3.6 <0.05 2

MW-H4B 04/08/98 0.16 -- 2.5 1

05/29/02 0.35 -- 0.25 2

11/14/02 0.49 -- 0.7 2

11/17/03 0.54 -- <0.1 2

12/06/04 0.41 -- <0.05 2

11/17/05 0.41 -- <0.05 2

11/03/06 0.36 0.23 <0.05 2

MW-H5B 04/08/98 <0.01 -- 4.9 1

05/29/02 0.01 -- 8.7 2

11/14/02 0.02 -- 1.3 2

11/17/03 0.02 -- 0.8 2

12/06/04 <0.01 -- <0.05 2

11/17/05 <0.01 -- 1.4 2

11/03/06 <0.01 <0.010 1.72 2

MW-H7B 12/19/00 -- -- 46 1

05/29/02 <0.01 -- 0.37 2

11/14/02 <0.01/<0.01 -- 1.5 2

11/17/03 <0.01/<0.01 -- <0.1 2

12/07/04 <0.01 -- <0.05 2

11/17/05 <0.01/<0.01 -- <0.05 2

11/03/06 <0.01/<0.01 -- 4.12 2

MW-H8B 12/19/00 -- -- 14 1

05/29/02 <0.01/<0.01 -- 9.7 2

11/14/02 <0.01 -- 0.7 1

11/17/03 <0.01 -- <0.1 2

12/07/04 <0.01 -- <0.05 2

11/17/05 <0.01 -- <0.05 2

11/03/06 <0.01 -- 1.31 2

Turbidity (NTU)
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TABLE 4: Summary of Cyanide and TurbidityAnalyses, Groundwater, 
Charles P. Howard Terminal, Oakland, California

Sample Date
Cyanide 
(mg/L)

Amenable 
Cyanide       
(mg/L) Turbidity (NTU)

MW-H1A 04/08/98 <0.01 -- 16 1

05/29/02 <0.01 -- 0.72 2

11/14/02 <0.01 -- 0.5 2

11/17/03 <0.01 -- <0.1 2

12/06/04 <0.01 -- <0.05 2

11/17/05 <0.01 -- <0.05 2

11/03/06 <0.01 -- <0.05 2

MW-H2A 04/08/98 0.40 -- 4.6 1

05/29/02 0.59 -- 1.2 2

11/14/02 0.82 -- <0.1 2

11/17/03 0.81 -- 1.4 2

12/06/04 0.58 -- <0.05 2

11/17/05 0.75 -- <0.05 2

11/03/06 0.50 0.37 <0.05 2

MW-H4A 04/08/98 <0.01 -- 0.40 1

05/29/02 0.04 -- 0.58 2

11/14/02 0.08 -- <0.1 2

11/17/03 0.11 -- <0.1 2

12/06/04 0.09 -- <0.05 2

11/17/05 0.08 -- <0.05 2

11/03/06 0.12 0.086 <0.05 2

MW-H5A 04/08/98 <0.01 -- 13 1

05/29/02 0.02 -- 2.5 2

11/14/02 0.02 -- 2.9 1

11/17/03 0.03 -- 1.4 2

12/06/04 0.02 -- <0.05 2

11/17/05 <0.01 -- <0.05 2

11/03/06 0.03 0.013 <0.05 2

Notes:
NTU = nepholometric turbidity unit.
NR = no reading collected.
mg/L = milligrams per liter.
Total Cyanide was analyzed using EPA Method 335.2.
Amenable Cyanide was analyzed using EPA Method 9010.
-- = not analyzed.
<xx = not identified at or above the laboratory reporting limit of xx.
xx/yy = duplicate sample results.
The marine chronic aquatic water quality criteria for  cyanide
used in the risk assessment included in the Final RAW was 1 µg/L.
Sample locations are shown on Figures 2 and 3.
Laboratory report for November 2006 samples is in Attachment B.

1  Turbidity measured in the laboratory.
2  Turbidity measured in the field using a Remote 2020 turbidity meter.

San Antonio Formation Monitoring Wells
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GROUNDWATER SAMPLING FORMS



GROUNDWATER SAMPLING Well No.: MW-H1B

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 13.43

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 5.75-13.2

Weather: Overcast TOC elevation, NGVD 29 (feet): 9.26

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 2.32

Source: Oakland Fire Station "ONO" Water level from TOC (feet):* 6.94 Time: 12:00

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet):* 8.31 Time: 12:00

CALCULATION OF WELL VOLUME:

(13.43 ft -  6.94 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 1.1 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 1.5 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

No reading collected 1.5

Removed approximately 20 ml of product; inserted 1 inch temporary stainless steel casing to a depth of 13 feet below TOC; set 
poly tubing inlet inside steel casing at 11 feet below TOC.  Started purging; purged well until inlet sucked air; allowed well to
recharge.  Continued this process until 1 to 5 gallons had been removed.

Peristaltic pump intake - during purging: Intake at 11 feet below TOC
Peristaltic pump intake - during sample collection: Intake at 11 feet below TOC

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 13:10

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

* Estimated because viscous nature of the product prevented a precise measurement.

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H2B

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 10.5

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 6.2-10.2

Weather: Overcast TOC elevation, NGVD 29 (feet): 10.83

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 2.74

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 8.09 Time: 13:42

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:42

CALCULATION OF WELL VOLUME:

(10.50 ft -  8.09 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 0.4 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 5 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

8:20 21.5 7.28 3,000 0 1

8:26 22.0 7.23 3,100 0 3
8:41 21.9 7.25 2,980 0 5

Peristaltic pump intake - during purging: Bottom of well
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 8:44

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H4B

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 14.55

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 5.0-14.2

Weather: Overcast TOC elevation, NGVD 29 (feet): 9.31

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 1.42

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 7.89 Time: 13:48

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:48

CALCULATION OF WELL VOLUME:

(14.55 ft -  7.89 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 1.1 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 3 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

9:34 22.5 7.45 4,200 0 1

9:38 22.1 7.46 3,940 0 2
9:44 22.3 7.37 3,750 0 3

Peristaltic pump intake - during purging: Bottom of well
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 9:51

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H5B

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 9.4

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 4.5-8.5

Weather: Overcast TOC elevation, NGVD 29 (feet): 6.75

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 1.57

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 5.18 Time: 13:54

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:54

CALCULATION OF WELL VOLUME:

(9.40 ft -  5.18 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 0.7 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 3 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

10:35 22.3 7.42 11,370 0 1

10:46 22.4 7.38 11,550 0.34 2
10:56 22.1 7.13 14,850 1.72 3

Peristaltic pump intake - during purging: Bottom of well
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 11:00

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H7B

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 16.6

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 6.6-16.6

Weather: Overcast TOC elevation, NGVD 29 (feet): 5.24

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): -1.95

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 7.19 Time: 13:15

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:15

CALCULATION OF WELL VOLUME:

(16.60 ft -  7.19 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 1.5 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 7 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

13:17 20.8 7.78 19,020 3.25 1

13:27 20.8 7.71 16,160 3.16 3
13:36 20.3 7.76 15,550 2.62 5
13:48 20.9 7.64 15,070 4.12 7

Peristaltic pump intake - during purging: Bottom of well
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 13:58

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H8B

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 15.88

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 6.0-15.9

Weather: Overcast TOC elevation, NGVD 29 (feet): 5.63

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): -2.57

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 8.20 Time: 14:10

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 14:10

CALCULATION OF WELL VOLUME:

(15.88 ft -  8.20 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 1.3 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 8 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

14:17 19.2 8.07 40,810 9.84 1

14:28 19.6 7.93 41,600 6.5 3
14:37 19.8 7.82 40,950 2.63 5
14:45 19.9 7.86 39,900 1.31 8

Peristaltic pump intake - during purging: Bottom of well
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 14:50

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H1A

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 58.5

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 50.0-58.0

Weather: Overcast TOC elevation, NGVD 29 (feet): 9.4

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 2.46

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 6.94 Time: 13:59

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:59

CALCULATION OF WELL VOLUME:

(58.50 ft -  6.94 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 8.4 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 20 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

12:10 20.5 8.1 22,400 2.47 5

12:20 20 7.78 23,650 0.19 10
12:35 20.4 7.59 23,790 0 15
12:44 20.5 7.75 23,820 0 20

Peristaltic pump intake - during purging: Initially at bottom of well, then gradually raised to just below water surface
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 12:49

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H2A

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 43.4

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 33.7-42.7

Weather: Overcast TOC elevation, NGVD 29 (feet): 10.37

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 2.04

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 8.33 Time: 13:40

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:40

CALCULATION OF WELL VOLUME:

(43.40 ft -  8.33 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 5.7 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 20 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

8:04 19.1 6.94 6,700 2.8 5

8:17 19.7 7.02 9,320 0 10
8:23 20.0 7.14 12,070 0 15
8:39 19.6 7.06 9,730 0 20

Peristaltic pump intake - during purging: Initially at bottom of well, then gradually raised to just below water surface
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 8:38

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H4A

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 53.93

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 46.0-54.2

Weather: Overcast TOC elevation, NGVD 29 (feet): 8.91

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 1.63

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 7.28 Time: 13:46

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:46

CALCULATION OF WELL VOLUME:

(53.93 ft -  7.28 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 7.6 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 20 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

9:30 20.4 7.43 10460 0 5

9:40 20.3 7.58 11460 0 10
9:50 20.9 7.33 12000 0 15
9:57 20.1 7.44 12400 0 20

Peristaltic pump intake - during purging: Initially at bottom of well, then gradually raised to just below water surface
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 10:00

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707



GROUNDWATER SAMPLING Well No.: MW-H5A

Project No. S590-J1 Recorded by: WKS/RMR Date: 11/3/06

Project Name: Howard Terminal Depth of well from TOC (feet): 57.69

Location: 1 Market Street Well diameter (inches): 2

Oakland, California Screened interval from TOC (feet): 47.6-56.6

Weather: Overcast TOC elevation, NGVD 29 (feet): 7.06

Precip. in past 5 days (in.): 0.22 Groundwater elevation (feet): 1.35

Source: Oakland Fire Station "ONO" Water level from TOC (feet): 5.71 Time: 13:53

Water level instrument: Dual-phase interface probe (Solinst) Product level from TOC (feet): None Time: 13:53

CALCULATION OF WELL VOLUME:

(57.69 ft -  5.71 ft) x 0.083 ft)² x π x 7.48 gal/ft3 = 8.5 gallons in one casing volume

well depth - water level x (well radius)2 x π x gal/ft3 = 20 total gallons removed

CALIBRATION:
Temp EC

Time  (°C) pH DO ORP (µmho/cm) NTU

Calibration Standard: -- 7.00/4.01 1,000 0/4

Before Purging:   8:00 14.8 7.00/4.01 1,000 0/4.74

After Purging: 14:50 21.1 7.19/4.12 1,150 0/2.9

FIELD MEASUREMENTS:
Temp DO ORP EC Cumulative

Time  (°C) pH (mg/L) (mV) (µmho/cm) NTU Gallons Removed

10:35 20.4 8.37 12,810 7.44 5

10:42 19.7 7.5 13,890 0 10
10:47 19.8 7.15 13,980 0 15
10:52 19.2 7.29 14,110 0 20

Peristaltic pump intake - during purging: Initially at bottom of well, then gradually raised to just below water surface
Peristaltic pump intake - during sample collection: Bottom of well

Purge method: Peristaltic pump with polyethylene and silicon tubing Sample Time: 10:53

Duplicate/blank number: MW-H7B,d Duplicate Sample Time: 13:58

Sampling equipment: Pump and tubing VOA attachment: None

Sample containers: Two 1-liter amber glass, one 500-ml poly

Sample analyses: PAH, TEPH, cyanide Laboratory: Curtis & Tompkins

Decontamination method: Alconox and water, DI water rinse Rinsate disposal: Near AST on-site

Comments: Sample was clear

TOC = top of casing S590-J1.00588.xls-2/28/07

bgs = below ground surface

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608 (510) 420–8686  • (510) 420-1707
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