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1.0 INTRODUCTION 

Terraphase Engineering Inc. (Terraphase), on behalf of Schnitzer Steel Industries, Inc. 
(Schnitzer), has prepared this Draft Hydrogeologic Investigation Work Plan (“the Work Plan”) for 
the Schnitzer Steel facility (“the Facility” or “the Site”), located at 1101 Embarcadero West in 
Oakland, California (Figures 1 and 2). The work proposed in this Work Plan is in response to 
written, in-person, and email communications with the San Francisco Bay Regional Water 
Quality Control Board (SFBRWQCB).  

 Background  

Groundwater monitoring has been conducted at the Site for 28 years. Monitoring wells were 
first installed at the Site in 1991, and semiannual or annual groundwater monitoring activities 
have been ongoing since 1992, in accordance with requirements of the previous SFBRWQCB  
Site Cleanup Requirement Order (SCR) No. 88-023. SCR Order No. 88-023 has been rescinded. 
The current SFBRWQCB order (Cleanup and Abatement Order (CAO) No. R2-2013-1001) does 
not include periodic groundwater monitoring. However, Schnitzer continues to monitor 
groundwater on a voluntary basis.  

In 2016, in accordance with the CAO, Schnitzer performed site-wide sampling, which included 
the collection and analysis of groundwater samples from 18 soil borings and four monitoring 
wells (Terraphase 2016). In 2017, the groundwater monitoring well network was expanded to 10 
wells. The monitoring network was further expanded to 14 wells in 2019.  

Groundwater samples collected between 1992 and 2015 were analyzed for metals and 
polychlorinated biphenyls (PCBs). After the 2016 sampling event, the groundwater monitoring 
analytical suite was expanded to include Title 22 dissolved and total metals, and total petroleum 
hydrocarbons (TPH) as diesel (TPH-d) and motor oil (TPH-mo), with and without silica-gel 
cleanup (SGC). Concentrations of TPH-d have been below the SFBRWQCB Saltwater Ecotox 
Environmental Screening Level (ESL) of 640 micrograms per liter (µg/L), except for one sample 
collected in 2017. TPH-mo is usually not detected or is detected at concentrations below 
screening levels (Terraphase 2019).  

Petroleum-hydrocarbon oxidation products (HOPs; often referred to as “polar compounds”) 
have been detected in several wells. HOPs cannot be measured using currently available 
analytical methods. Rather, they are qualitatively estimated as the difference between TPH-d 
analyzed without and with SGC. HOPs concentrations in several wells at the Site exceed the 
recently established Saltwater Ecotox ESL of 510 µg/L. The highest concentrations of HOPs are 
found in wells in the southeastern portion of the Site, including in wells along the southeastern 
shoreline along the Oakland Harbor. Minor exceedances of the nickel Saltwater Ecotox ESL have 
been observed in three shoreline wells. Minor exceedances of the Saltwater Ecotox ESLs for 
arsenic, copper, lead, and zinc were measured in one shoreline well (MW-11). 

In their April 16, 2019, letter, the SFBRWQCB requested that Schnitzer develop an Interim 
Corrective Action Plan (ICAP) to address potential discharges of HOPs and metals to the Oakland 
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Harbor. As an alternative to the requested ICAP, Schnitzer recommended, in a letter dated 
May 16, 2019, the collection of additional data to evaluate whether groundwater discharges to 
the Bay are posing an ecological risk. Schnitzer proposed to conduct a comprehensive site-
specific groundwater evaluation to accurately define site-related hydrogeologic conditions and 
evaluate the characteristics of site-related groundwater discharges to the Bay. The SFBRWQCB 
approved the proposed groundwater evaluation in a letter dated June 11, 2019. The scope of 
the groundwater evaluation was discussed during a meeting with SFBRWQCB, Schnitzer, and 
Terraphase representatives, on June 18, 2019, which was documented by the SFBRWQCB in a 
letter dated July 2, 2019. 

 Objectives 

This Work Plan presents an approach for conducting a hydrogeologic investigation that will 
provide data to evaluate potential discharges of HOPs and metals to the Oakland Harbor. If the 
evaluation, developed during implementation of this Work Plan, determines that groundwater 
discharges to the Bay are posing an ecological risk, Schnitzer will appropriately respond to those 
conditions by preparing a long-term Corrective Action Plan (CAP) to improve groundwater 
discharge quality. An appropriate understanding of the complex hydrogeologic conditions at the 
margin of the Site is necessary before any potential corrective action can be proposed.  

 Investigation Approach 

The proposed scope of this Work Plan includes document and historical data research, 
preparation of additional graphical materials (cross-sections and flow-net diagrams), and field 
investigations to collect hydrogeologic data. These multiple lines of evidence will provide a 
comprehensive evaluation of the Site’s hydrogeology and support a defensible evaluation of 
potential discharge threat from chemicals of potential concern (COPCs) in site groundwater.  

The investigation approach is described in the following sections:  

• Section 4.0 – Characterization of Subsurface Conditions. The work will include desktop 
reviews of historical boring logs, maps, and aerial photographs, and the development of 
figures and cross-sections representing current subsurface conditions, including buried 
historical infrastructure.  

• Section 5.0 – Hydrogeologic Investigations. A tidal study will be conducted to assess the 
influence of the tidal cycle on groundwater gradients to support the evaluation of local 
groundwater discharge. Aquifer testing will be performed through slug tests. The results will 
aid in the understanding of the complex hydraulic conditions at the Site. Flow net diagrams 
will be constructed for near-shoreline areas of the Site. 

• Section 6.0 – Development of a Conceptual Site Model. Data collected during the 
implementation of activities described in Sections 4.0 and 5.0 will be synthesized and 
described in the context of a conceptual site model (CSM).  
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2.0 SITE DESCRIPTION 

 Site Location 

The Facility is located at 1101 Embarcadero West in Oakland, Alameda County, California. The 
Facility is a scrap metal recycling facility occupying approximately 26.5 acres of flat-lying land 
adjacent to the Oakland Inner Harbor waterfront and the Port of Oakland (Figure 1). The Facility 
is bounded to the south by the Oakland Inner Harbor, to the east and west by the Port of 
Oakland, and to the north by Embarcadero West and Union Pacific Railroad tracks. 

The Facility Plan (Figure 2) indicates the Facility boundaries and locations of specific industrial 
activities and significant materials. 

 Facility Operations 

Operations at the Facility include shredding of light iron products, including automobiles, 
appliances, and other recyclable light steel materials; shearing and torch cutting of heavy 
recyclable steel products; preparation and sorting of ferrous and non-ferrous metal recycling 
feedstock; temporary storage of finished recycled metal products and shredder residue; and 
maintenance of Facility equipment. Raw bulk scrap is delivered to the Facility by both rail and 
truck at the main commercial entrance, where it is inspected and sorted.  

 Hydrogeologic Setting 

The Facility is located in the East Bay Plain Groundwater Basin (East Bay Plain), with the 
southern Facility boundary fronting on the Oakland Inner Harbor, which separates the Oakland 
mainland from Alameda. A major portion of the Facility consists of filled marshland overlying 
Young Bay Mud (YBM).  

Shallow groundwater is typically within 5 to 10 feet below ground surface (bgs), with a 
pronounced tidal influence along the southern Facility boundary (Hageman-Aguiar, Inc. 1991). 
The general direction of shallow groundwater at the Facility is to the south.  

The Facility is within the Oakland Shoreline/Alameda Point Brackish Shallow Groundwater Zone. 
In 1999, the SFBRWQCB recommended the de-designation of shallow groundwater in this area 
from municipal/domestic beneficial use due to naturally occurring high salinity (SFBRWQCB 
1999). The YBM is not considered an aquifer for water supply due to low permeability and high 
salinity (SCWA 2007). 
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3.0 SITE HISTORY 

The Site was the location of marsh land in the late 1800s (1895 topographic map and 1889 
Sanborn map; EDR 2013a and 2013b). By 1902, the area of the Site had been partially filled. 
According to the 1902 Sanborn map, the Site was occupied by the WA Boole & Sons, Inc., 
Shipyard. A winding engine powered by steam that ran through a pipe on trestles from the main 
wood working area was located north of the Marine Ways inlet, presumably where WA Boole 
worked on the ships. The Boole Shipyard was purchased by Moore & Scott Iron Works in 1909 
(San Francisco Call 1909). 

Moore & Scott Iron Works was started in San Francisco in 1905 but was destroyed in the 1906 
earthquake. In 1909, Moore & Scott Iron Works purchased the Boole Shipyard at the foot of 
Adeline Street (during later expansion in the 1940s, this would be referred to as the “East 
Yard”). The 1912 Sanborn map shows the operations were small at this time, and the structures 
associated with the operations were located primarily within the central and western side of the 
present-day site boundaries. According to the Sanborn maps, the eastern side of the Site (which 
is the area of the excavation pits that are the subject of this investigation) does not appear to 
have been developed at this time. One shipway was present at the Site with associated 
structures to aid in ship repair and building, including a winding engine, machine and iron shops, 
a boiler shop, water tanks, and a planing mill. Work in this time frame included building and 
repairing ships such as tankers, ferryboats, and dredges (Moore 1994). 

In 1917, Moore bought out Scott, and the company name changed to Moore Shipbuilding. 
Around this time, Moore Shipbuilding saw significant growth due to increased demand as a 
result of World War I (Pacific American Steamship Association 1920). An aerial photograph of 
the Oakland Estuary estimated to have been taken around 1918 shows significant development 
at the Site. It appears that at least four or five ships were under construction or undergoing 
repairs in the photograph. Buildings, aboveground storage tanks (ASTs), an elevated water tank, 
and rail lines for transporting materials around the Site are visible. Also visible in the photograph 
are coal piles (on the adjacent property to the east) and the Howard dock to the east of the Site 
and the Western Pacific roundhouse and rail yard to the west. In 1919, Moore Shipbuilding 
broke a world record when it launched six ships in one tide (Moore 1994). 

In 1922, the company was renamed again as Moore Dry Dock Company. Following World War I 
and during the Great Depression, demand for new ships declined and work at the yard shifted to 
the repair of ships in dry dock as well as production of structural steel for buildings and bridges 
(Moore 1994). With the onset of World War II, shipbuilding capabilities again expanded. Moore 
Dry Dock Company would build over 100 ships for the U.S. Navy and merchant marines from 
1938 to 1945 (Moore 1994). Although historical site and aerial photographs (EDR 2013c) 
indicate the structures at the East Yard remained relatively the same from the 1930s until the 
1960s (although the locations of smaller storage buildings and storage tanks appear to have 
changed), the increased demand of the 1940s resulted in Moore Dry Dock Company leasing 
additional land and building slips, steel fabricating and machine shops, and worker housing 
(Moore 1994). Within the East Yard, the 1951 Sanborn map shows six wharves, two floating dry 
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docks, four slips, three marine ways, and seven fitting-out berths present along the shoreline. 
The larger buildings present at the Site included a boiler shop on the eastern boundary; a joiner 
shop, planing shop, machine shop, and storerooms located in the central portion of the Site; a 
fabricating shop and steel storage buildings in the northern portion of the Site; and a plate shop, 
offices, and woodworking/metal shop along the western side of the Site. Numerous smaller 
structures at the Site were labeled on the 1951 Sanborn map as storerooms, pump houses, 
engine rooms, riggers loft, electric shop, a paint shop, change houses, an oil room and transfer 
house, a winching engine room, a hospital, an area labeled paints and oils, and a 500-gallon oil 
tank. Also present at the Site were a number of cranes and a network of rail lines to transport 
materials around the Site, between the buildings and wharves, in support of the ship building 
and repair operations. 

Moore Dry Dock Company closed in 1961 and Schnitzer purchased the property in August 1961. 
It appears that many of the structures associated with the Moore Dry Dock Company had been 
demolished by 1968 (1968 aerial photograph). 

 Historical Use of Surrounding Properties 

The 1889 Sanborn map shows that the Pacific Iron and Nail Company’s Nail Works was located 
to the north and northeast of the Site at this time, within the boundaries of the present-day 
Matson property. Associated with the Nail Works were coal piles and scrap iron piles on the 
property. By 1902, significant filling of the area had occurred, and the Nail Works was gone. 
Based on information from the Remedial Investigation Report for the Howard Terminal (Baseline 
2001), the Howard Company occupied the property east of the Site from 1900 to the mid-1970s. 
Howard Company used the property as a commercial transport and shipping terminal. The 
terminal operated its own railroad tracks and locomotives for the purposes of loading, 
unloading, and transferring cargo throughout the Site. As shown on the 1912 Sanborn map, coal 
piles (indicated as an average of 10 feet high) were located immediately adjacent to the fence 
line that ran between the eastern boundary of the Moore & Scott Shipyard and the Howard 
Company property. A briquetting plant and associated buildings, an oil tank (25 feet high, 
located on the ground and identified as a 600,000-gallon oil storage tank in the Howard 
Terminal Remedial Investigation Report [Baseline 2001]), and a pumping plant (with notations 
that it was leased to Standard Oil) were noted on the Sanborn map within the boundaries of the 
Howard Company property. Coal was the primary material handled by the Howard Company 
when operations first started, but operations would later expand to include sacked grain, copper 
ore, coke, cement, copra, gravel, sand, crushed rock, lumber, and general merchandise (Baseline 
2001). Shipping operations at the Site continued until 1974. The 600,000-gallon tank and other 
structures present at the Site were removed between 1979 and 1980 (Baseline 2001). Further to 
the east of the Howard Terminal was a Pacific Gas & Electric Manufactured Gas Plant, which 
operated from the early 1900s until 1930 (Baseline 2001). In 1930, operations were placed on 
standby status due to the availability of natural gas in Oakland. Gas manufacturing operations 
ceased in 1961 and the property was subsequently sold to the Port of Oakland in the 1960s 
(Baseline 2001). 
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From the early 1900s until the late 1960s, the Western Pacific Railroad Yard and Shops were 
located west of the Site (EDR 2013a, 2013b, and 2013c). In the early 1900s, one rail line 
extended onto the Site from the Western Pacific Rail line. In subsequent years, several 
additional lines are shown extending onto the Site. The railroad’s roundhouse and numerous 
shop buildings are visible on topographic maps and aerial photographs until the late 1960s. By 
1974, the roundhouse is no longer visible. By 1984, the area had been paved and used for 
storage of shipping containers (EDR 2013c). 

To the southwest of the Site, along the shoreline, was the location of the El Dorado Oil Works 
and El Dorado Terminal. El Dorado Oil Works processed, sold, and shipped coconut oil in 
interstate commerce (DTSC 2009). El Dorado first began operations at the property around 1937 
(DTSC 2009). Warehouses and ASTs are visible in the aerial photographs from 1939 through the 
1970s. The property would subsequently be occupied by the Foremost Food and Chemical 
Company from 1953 to 1969, Ashland Chemical Company from 1969 to 1979, and Sherex 
Chemical Company from 1979 to 1986 (DTSC 2009). By 1984, the area had been paved and 
appeared to be used for storage of shipping containers (EDR 2013c). 

 Previous Site Investigations 

3.2.1 1987 Soil and Groundwater Investigations 

In 1984, Schnitzer excavated soil in the central part of the Site, to the north and west of the 
shredder operation, in preparation for the construction of a concrete pad. The excavated soil 
was disposed of at the former Berkeley Landfill. Sampling of the waste soil conducted in 1986 
indicated the presence of PCBs at concentrations exceeding the 50-milligram-per-kilogram 
(total) threshold for hazardous waste. The waste soil was subsequently moved to an approved 
hazardous waste landfill at Kettleman Hills. In March 1987, a soil and groundwater investigation 
was conducted in the vicinity of the original soil excavation at the Oakland facility, in accordance 
with an agency-approved sampling plan. Soil and grab-groundwater samples collected from 14 
and 11 soil borings, respectively, were analyzed for PCBs and metals. A background soil sample 
and Bay water were also collected. 

In June of 1987, Schnitzer performed a follow-up soil and groundwater investigation, which 
focused on potential impacts to soil and groundwater near the Site shoreline. Six soil pits were 
excavated approximately every 250 feet along the shoreline down to the first encountered 
groundwater. Soil samples collected from the top foot of soil and from soil near the 
groundwater table were analyzed for PCBs, metals, and total hydrocarbons. Grab-groundwater 
samples were analyzed for filtered and unfiltered PCBs and metals, and for total hydrocarbons.  

3.2.2 Periodic Groundwater Monitoring 

In 1991, Schnitzer installed four groundwater monitoring wells at the Site, three of which 
(MW-1, MW-2, and MW-3) were installed along the site shoreline. Well MW-4 was installed 
upgradient of the majority of the Facility’s operational areas, just south of Embarcadero West. 
The four wells were monitored on a quarterly basis through 1994, and on a semiannual basis 
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through 1997. Starting in 1998 and continuing to the present day, the wells are monitored on an 
annual basis. The reductions in monitoring frequency followed SFBRWQCB approvals.  

In April and May 2017, six additional groundwater monitoring wells were installed at the Site 
(MW-5 through MW-10). In May 2019, four additional groundwater monitoring wells were 
installed at the Site (MW-11 through MW-14). At present, a total of 14 groundwater monitoring 
wells are present at the Site, nine of which are located along the shoreline. 

Prior to 2016, groundwater monitoring activities included analysis of samples for selected 
metals. Beginning in 2016, TPH analyses were added to the program. 

3.2.3 Soil and Groundwater Investigation in the Vicinity of the Excavation Pits 

In June 2013, nine pits were excavated in the southeastern corner of the Site, immediately 
adjacent to the Howard Terminal, for the construction of concrete footings to support a wind 
barrier along the eastern boundary of the Facility. During the course of soil excavation activities, 
an area of subsurface oily soil was encountered. Construction activities were temporarily 
suspended and Terraphase personnel inspected the area and performed subsequent soil 
sampling activities.  

In May 2015, an additional field investigation in the vicinity of the excavation pits was conducted 
through work proposed in a separate work plan as requested by the SFBRWQCB. Soil and 
groundwater samples were collected from 11 locations in the eastern part of the Facility.  

3.2.4 Multi-Media Investigation 

In May and June 2016, Terraphase performed a site-wide investigation pursuant to Tasks B.1 
and B.2 of the CAO. Field work was conducted from May 23 to June 2, 2016. As part of this 
mobilization, soil, grab groundwater, monitoring well, and light fibrous material (LFM) samples 
were collected. A total of 19 soil borings was advanced by direct-push technology for the 
collection of soil and grab-groundwater samples.  

• Soil samples were collected from 15 of 19 advanced soil borings. Up to three soil samples 
were collected from each of the advanced borings for a total of 25 soil samples.  

• Grab groundwater samples were collected from 18 borings.  

• Groundwater samples were collected from four groundwater monitoring wells. 

• LFM samples were collected from four surface locations. 

The data collected during this investigation provided a site-wide characterization of surface and 
subsurface soil conditions, and groundwater conditions.  
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4.0 EVALUATION OF SUBSURFACE CONDITIONS 

Environmental investigations at the Site date back to 1987. Subsurface borings and excavations 
have been advanced site-wide. The subsurface characteristics of the Site are complex and not 
fully understood due to the complex history of Site use, buried infrastructure, and progressive 
filling and development activities. Remnants of previous structures, such as piers, building 
foundations, or dry docks, which may exist beneath the current ground surface, have not been 
definitively located or mapped. These features, along with the heterogenous nature of the fill 
materials emplaced on top of native YBM, may influence the flow rate and direction of first 
encountered groundwater at the Site. In addition, the construction of the current shoreline and 
Site boundary, characterized by riprap and, in some areas, a sheet-pile bulkhead, influence the 
characteristics of the groundwater to surface water discharge zone. An understanding of these 
features and their effects is needed to accurately model the hydrology of the Site.  

 Review of Historical Boring Logs 

Historical boring logs, lithologic descriptions, cross-sections, and excavation logs will be 
compiled and reviewed. Information regarding the nature and extent of fill materials, areas of 
drilling refusal, and depth to native material (YBM) will be compiled. This information will be 
used to evaluate the presence of buried infrastructure, which could potentially control shallow 
groundwater flow. 

 Review of Historical Aerial Photos  

Historical aerial photographs of the Site and the surrounding area provide an important timeline 
of site development and changing features. Aerial photographs will be reviewed to evaluate the 
potential for man-made subsurface features and their locations at the Site. For example, several 
docks were previously present at the Site during its operation as a shipbuilding facility; fill 
materials were progressively added between these features to build out the shoreline and 
create more useable property. While portions of the docks and associated features were likely 
dismantled during site improvements, remnants or buried portions of these features likely 
remain at the Site.  

 Delineate Extent and Progression of Historical Filling 

Figures will be prepared to show the progression of filling activities at the Site over its history. 
The figures will be based on the review of boring logs and aerial photographs, as described 
above, as well as on available historical drawings and plans. The extent of the shoreline over 
time will be superimposed on aerial backgrounds to show the changing site conditions. 
Information regarding the source or nature of fill materials used will be noted, if available. The 
locations of current groundwater monitoring wells will be presented relative to historically filled 
areas.   
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 Hydrogeologic Cross-Sections  

Hydrogeologic cross-sections will be prepared to depict subsurface conditions normal to and 
along the shoreline, based on the review of available subsurface information. Potential physical 
barriers to groundwater flow, such as buried dry dock infrastructure and sheet piling, will be 
depicted, as appropriate. Lithology and depth to water from borings and monitoring wells will 
be presented.  
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5.0 HYDROGEOLOGIC INVESTIGATIONS 

 Tidal Study  

A tidal study will be conducted at the Site to assess the influence of the tidal cycle on 
groundwater gradients and to evaluate the relative tidal influence at different monitoring 
locations. Understanding the relative communication between monitoring wells and water in 
the Oakland Harbor will help in the evaluation of local groundwater discharge. The study will 
also provide data for an analysis of simultaneous groundwater potentiometric surfaces. 

Specific objectives of the tidal study include:  

• Identify the time lag between tidal stage and water levels in each well; 
• Demonstrate the lateral extents of tidal influence in the interior of the Site; and 
• Evaluate the magnitude of tidal influence at various wells and at different tidal extremes. 

The results of the tidal study will be incorporated into the overall evaluation of site 
hydrogeology. The data will be useful in the evaluation of hydraulic connectivity between wells, 
which will aid in the understanding of the complex hydraulic conditions at the Site.  

5.1.1 Approach 

The general approach will be to monitor the pressure head in monitoring wells at the Facility 
over the course of a month to capture the complete lunar tidal cycle. Data from the monitoring 
will be used to calculate the average tidal range, tidal efficiency, and time lag at each monitoring 
location. Tidal lag and tidal efficiency can be used to estimate hydraulic conductivity, which in 
turn can be used to estimate flux between the shoreline and the Bay. This process is described 
in more detail in Sections 5.1.3 and 5.1.4. 

5.1.2 Methods and Equipment 

Vented pressure transducers will be installed within existing site monitoring wells. At each 
monitoring point, the transducer will be placed so a minimum of 2 feet of water will be present 
above the transducer at lowest low tide, if possible. The transducers will be selected to ensure 
that the maximum anticipated water column above the transducer (i.e., at high-high tide) does 
not exceed the manufacturer’s recommendation. Once the transducer and associated cabling 
are installed, a manual depth-to-water measurement will be taken for transducer calibration. 
The data will also be uploaded and checked at the time of installation. Electronic data, including 
pressure, temperature, and electrical conductivity (at shoreline wells) will be collected at five-
minute intervals after installation throughout the tidal study. Data from the transducers will be 
uploaded at one-week intervals. At that time, manual groundwater-level measurements will be 
collected, and batteries in the transducers will be changed as needed. 

At the location of the Oakland Inner Harbor monitoring point, a polyvinyl chloride (PVC) pipe will 
be placed along the sheet metal piling so that the bottom of the pipe extends to a depth of at 
least 5 feet below the lowest expected low-low tide. The pipe will be firmly affixed to the piling 
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such that it does not move with tide or wave action. A pressure transducer will be placed at 
least 1 foot above the bottom of the pipe. The top of the PVC casing will be surveyed to provide 
a reference for tidal elevation data. Before the study begins, a sample will be collected from 
each monitoring point and submitted for total dissolved solids (TDS) analysis to aid in the 
estimation of equivalent freshwater groundwater head, as discussed in Section 5.1.3. Samples 
will be collected using low-flow sampling procedures. 

Pressure transducers equipped with pressure and temperature sensors will be installed in 
interior monitoring wells MW-4, MW-5, MW-6, MW-7, MW-9, and MW-10, as well as at the 
Oakland Inner Harbor monitoring point. Pressure transducers equipped with pressure, 
temperature, and electrical conductivity sensors will be installed in shoreline monitoring wells 
MW-2, MW-11, MW-8, MW-12, MW-13, MW-3, and MW-14. The addition of electrical 
conductivity sensors at the shoreline wells will provide an estimate of relative seawater 
contribution in these locations over time at the sensor depth. The Oakland Inner Harbor 
monitoring point will be installed along the sheet pile wall near the location of well MW-11 
(Figure 2). 

5.1.3 Data Processing and Evaluation 

The interpretation of pressure transducer data requires several corrections, depending on the 
type of measurement and the nature of the aquifer. Corrections are generally needed for 
fluctuations in barometric pressure and groundwater density. In the proposed study, vented 
pressure transducers will be used, which automatically compensate for changes in barometric 
pressure. TDS will be measured in all locations, and adjustments will be made to correct 
groundwater elevations to equivalent freshwater values. 

The equivalent freshwater head was defined by Lusczynski (1961) as:  

ℎ𝑓𝑓𝑓𝑓 =  𝛾𝛾ℎ𝑚𝑚 + (1 − 𝛾𝛾)𝑧𝑧 

where: 

𝛾𝛾 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔 𝑜𝑜𝑠𝑠 𝑔𝑔ℎ𝑠𝑠 𝑔𝑔𝑔𝑔𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔 

ℎ𝑚𝑚 = 𝑚𝑚𝑠𝑠𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔 ℎ𝑠𝑠𝑔𝑔𝑔𝑔 

𝑧𝑧 = 𝑠𝑠𝑒𝑒𝑠𝑠𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑜𝑜𝑔𝑔 𝑜𝑜𝑠𝑠 𝑔𝑔ℎ𝑠𝑠 𝑚𝑚𝑠𝑠𝑔𝑔𝑔𝑔𝑒𝑒𝑠𝑠 𝑜𝑜𝑠𝑠 𝑔𝑔ℎ𝑠𝑠 𝑔𝑔𝑠𝑠𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔 

The specific gravity of groundwater is based on TDS content, using an empirical equation for 
groundwater density developed by de Marsily (1986): 

𝜌𝜌 = 0.000687𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇 + 998.4575 

where: 

𝜌𝜌 = 𝑔𝑔𝑔𝑔𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔 𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔 (𝑘𝑘𝑔𝑔 /𝑚𝑚3) 

𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝑇𝑇 𝑠𝑠𝑜𝑜𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔(𝑚𝑚𝑔𝑔 /𝑒𝑒) 
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Only the initial measurement will need to be adjusted because all measurements will be 
normalized to the initial manual groundwater level measurement. 

Once pressure data are collected and adjusted, the data can be used to estimate tidal range, 
tidal efficiency, and time lag. Tidal range is the difference in elevation (or head) over one tidal 
cycle (the difference between the highest high tide and the lowest low tide of the day, or the 
head fluctuations in response to the tides). Tidal efficiency is an indication of the degree to 
which tidal effects are dampened before they reach the well and is calculated as the ratio of the 
tidal range in the well to the corresponding tidal range in open water, or in this study, at the 
Oakland Inner Harbor monitoring point. If a well has an average tidal efficiency of 0.5, the water 
table in this well will fluctuate approximately half as much as water in the harbor. Finally, time 
lag refers to the amount of time the tidal cycle in the well lags behind the tidal cycle in the 
harbor. Generally, the farther a well is from the shoreline, the longer the time lag is expected to 
be. 

All three parameters will be calculated from the data set, including cycles (days) that are 
representative of the highest, lowest, and intermediate tides. The monitoring period is expected 
to include two cycles of spring and neap tides. 

5.1.4 Calculating Net Groundwater Flux  

Aquifer parameters will be estimated based on the results of the tidal study. These, in turn, can 
be used to estimate groundwater flux.  

Hydraulic conductivity can be estimated using equations presented in Jacob 1950, Todd 1959, 
and Yim and Mohsen 1992: 

𝐾𝐾𝐻𝐻 =  
−𝑥𝑥2𝜋𝜋𝑇𝑇𝑠𝑠

𝑔𝑔0ln (
𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴
𝑇𝑇𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

)2
 

where: 

𝐾𝐾𝐻𝐻 = ℎ𝑜𝑜𝑔𝑔𝑠𝑠𝑧𝑧𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑒𝑒 ℎ𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑒𝑒𝑠𝑠𝑠𝑠 𝑠𝑠𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔 

𝑥𝑥 = 𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠 𝑠𝑠𝑔𝑔𝑜𝑜𝑚𝑚 𝑔𝑔ℎ𝑠𝑠 𝑔𝑔𝑠𝑠𝑒𝑒𝑒𝑒 𝑔𝑔𝑜𝑜 𝑔𝑔ℎ𝑠𝑠 𝑠𝑠ℎ𝑜𝑜𝑔𝑔𝑠𝑠𝑒𝑒𝑠𝑠𝑔𝑔𝑠𝑠 

𝑔𝑔0 = 𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔𝑒𝑒 𝑠𝑠𝑠𝑠𝑔𝑔𝑠𝑠𝑜𝑜𝑔𝑔 

𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 =
𝑠𝑠ℎ𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠 𝑠𝑠𝑔𝑔 ℎ𝑠𝑠𝑔𝑔𝑔𝑔 𝑜𝑜𝑠𝑠 𝑔𝑔 𝑔𝑔𝑠𝑠𝑒𝑒𝑒𝑒

𝑠𝑠ℎ𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠 𝑠𝑠𝑔𝑔 ℎ𝑠𝑠𝑔𝑔𝑔𝑔 𝑠𝑠𝑔𝑔 𝑔𝑔ℎ𝑠𝑠 ℎ𝑔𝑔𝑔𝑔𝑎𝑎𝑜𝑜𝑔𝑔
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴
2𝜋𝜋(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑙𝑙)

𝑡𝑡0  

𝑇𝑇𝑠𝑠 =
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔ℎ𝑔𝑔 𝑜𝑜𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔 ∗ 𝑠𝑠𝑜𝑜𝑔𝑔𝑜𝑜𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔 ∗ 𝑠𝑠𝑜𝑜𝑚𝑚𝑠𝑠𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠𝑔𝑔𝑔𝑔 𝑜𝑜𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔

(1 − 𝑇𝑇𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)
 

With hydraulic conductivity, flux can be calculated using Darcy’s Law (Oberdorfer, et al. 2007): 
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𝑄𝑄
𝑔𝑔

= −𝐾𝐾ℎ𝑎𝑎
𝑔𝑔ℎ
𝑔𝑔𝑒𝑒

 

where: 

𝑄𝑄 = 𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠 (
𝐿𝐿3

𝑔𝑔
) 

𝑎𝑎 = 𝑔𝑔𝑎𝑎𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠𝑔𝑔 𝑔𝑔ℎ𝑠𝑠𝑠𝑠𝑘𝑘𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠 

𝑔𝑔 = 𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔 𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔ℎ 𝑜𝑜𝑠𝑠 𝑠𝑠ℎ𝑜𝑜𝑔𝑔𝑠𝑠𝑒𝑒𝑠𝑠𝑔𝑔𝑠𝑠 

𝑔𝑔ℎ
𝑔𝑔𝑒𝑒

= ℎ𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑒𝑒𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔 

Aquifer thickness will be estimated based on the results of the boring log review. A range of 
porosity values for coarse-grained media (for fill materials) or fine-grained media (for Bay Mud, 
if applicable) will be used to evaluate the sensitivity of the results to porosity values. Hydraulic 
gradient is expected to vary with tidal cycle. A range of fluxes at different points in the tidal 
cycle will be calculated.  

 Aquifer Testing 

Slug tests will be performed to provide an alternate estimate of hydraulic conductivity in the 
immediate vicinity of selected wells. Slug testing will take place after the completion of the tidal 
study. The wells selected for slug testing will be determined based on the evaluation of 
subsurface conditions and the analysis of the tidal study results. Wells will be selected to be 
representative of typical soil types. Wells near the shoreline may not be suitable for slug testing 
if high tidal efficiency is observed during the tidal study. At each slug testing location, the 
pressure transducers will be set to record at a maximum interval of 0.5 second. Falling-head and 
rising-head slug tests will be performed. If the water column at a slug testing location does not 
accommodate an installed pressure transducer and a cylinder, only the falling-head test will be 
performed. 

5.2.1 Falling-Head Slug Test 

A falling-head test is conducted by rapidly raising the water level in a well and subsequently 
measuring the falling water level. A known volume of de-ionized water will be added to the well, 
which will cause mounding of the water surface. Data will be collected until the mounded water 
has receded to at least 90% of its original level. The water-level data will be plotted against time 
on a logarithmic scale. A best-fit line will be matched to the displacement data, which will be 
used to calculate hydraulic conductivity after Hvorslev (1951): 

𝐾𝐾𝐻𝐻 =  
𝑔𝑔2𝑒𝑒𝑜𝑜𝑔𝑔𝑠𝑠(𝐿𝐿𝑅𝑅)

2𝐿𝐿𝑇𝑇0
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where: 

𝐾𝐾𝐻𝐻 = ℎ𝑜𝑜𝑔𝑔𝑠𝑠𝑧𝑧𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑒𝑒 ℎ𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑒𝑒𝑠𝑠𝑠𝑠 𝑠𝑠𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔 

𝑔𝑔 = 𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠 𝑜𝑜𝑠𝑠 𝑔𝑔ℎ𝑠𝑠 𝑔𝑔𝑠𝑠𝑒𝑒𝑒𝑒 𝑠𝑠𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔 

𝐿𝐿 = 𝑒𝑒𝑠𝑠𝑔𝑔𝑔𝑔𝑔𝑔ℎ 𝑜𝑜𝑠𝑠 𝑔𝑔ℎ𝑠𝑠 𝑔𝑔𝑠𝑠𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔 

𝑅𝑅 = 𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠 𝑜𝑜𝑠𝑠 𝑔𝑔ℎ𝑠𝑠 𝑔𝑔𝑠𝑠𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑔𝑔𝑠𝑠𝑠𝑠𝑔𝑔 + 𝑠𝑠𝑔𝑔𝑔𝑔𝑔𝑔 𝑠𝑠𝑔𝑔𝑠𝑠𝑘𝑘 

𝑇𝑇0 = 𝑇𝑇𝑠𝑠𝑚𝑚𝑠𝑠 𝑔𝑔𝑔𝑔 𝑔𝑔ℎ𝑠𝑠𝑠𝑠ℎ 𝑔𝑔ℎ𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑜𝑜 𝑜𝑜𝑠𝑠 𝑔𝑔ℎ𝑠𝑠 𝑚𝑚𝑠𝑠𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔𝑠𝑠𝑔𝑔 ℎ𝑠𝑠𝑔𝑔𝑔𝑔 𝑔𝑔𝑜𝑜 𝑔𝑔ℎ𝑠𝑠 𝑜𝑜𝑔𝑔𝑠𝑠𝑔𝑔𝑠𝑠𝑔𝑔𝑔𝑔𝑒𝑒 ℎ𝑠𝑠𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠 0.37 

5.2.2 Rising-Head Slug Test 

A rising-head test is initiated by rapidly lowering the water level in a well and then taking 
measurements of the rising water level in the well. A cylinder with a known volume will be 
rapidly submerged below the water table, which will cause mounding of the water surface. Data 
will be collected until mounded water has receded to at least 90% of its original level. The 
cylinder will then be removed from the well, and data will be collected as the water recovers to 
its initial equilibrium state. The data will be plotted against time on a logarithmic scale. A best-fit 
line will be matched to the displacement and recovery data, which will be used to calculate 
hydraulic conductivity after Hvorslev (1951).  

 Flow Net Diagrams  

Characteristics of groundwater flow, especially at the perimeter of the Site, along the Oakland 
Inner Harbor shoreline, must be understood to appropriately evaluate the potential discharge of 
groundwater from the Site to the Oakland Inner Harbor. Flow net diagrams will be constructed 
at selected locations along the shoreline to estimate areas of potential offshore groundwater 
discharge.  

A flow net is a graphical representation of two-dimensional steady-state groundwater flow 
through aquifers (Ferris, et al. 1962). A flow net consists of two sets of lines which must always 
be orthogonal (perpendicular to each other): flow lines, which show the direction of 
groundwater flow, and equipotential (lines of constant head), which show the distribution of 
potential energy. Flow nets are constructed based on field observations and theoretical 
considerations. Flow nets are particularly useful where the groundwater flow domain includes 
barriers, such as dams or slurry walls. 

Flow net diagrams will be prepared for several locations along the shoreline to illustrate the 
expected flow characteristics at these locations and to identify potential discharge locations. 
The exact locations for which flow nets will be constructed will be determined based on the 
overall hydrogeologic investigation. Flow net diagrams will likely be prepared for the following 
locations, with the stated rationale:  

• Vicinity of wells MW-3, MW-13, and MW-14: To evaluate the eastern shoreline in an area of 
known COPC impacts and likely subsurface historical features; and 
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• Vicinity of wells MW-8, MW-11, and MW-12: to evaluate the central shoreline along the 
sheet-pile bulkhead, in an area of known COPC impacts. 
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6.0 DEVELOPMENT OF A CONCEPTUAL SITE MODEL 

The results of the evaluation described in Sections 4 and 5 will be used to update the CSM. The 
CSM will describe the site geology, hydrogeology, groundwater flow characteristics, tidal 
influences, and the nature and location of contaminated media. The CSM will be presented 
narratively and diagrammatically.  

Potentiometric surface maps will be prepared for shallow groundwater under a range of tidal 
conditions. An average groundwater gradient will be calculated. 

Net groundwater flux will be approximated based on hydraulic conductivity values derived from 
the tidal study and slug testing results. The flux of COPCs will be estimated under conservative 
transport assumptions (i.e., without the consideration of dilution or attenuation). The 
anticipated effects of dilution and attenuation on COPC concentrations will be discussed. 

Areas of potential groundwater discharge in the Oakland Harbor will be estimated based on flow 
net diagrams. 
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7.0 REPORTING 

A report will be prepared summarizing the results of the historical review and field activities 
used to develop the updated CSM. Conclusions and recommendations will include:  

• A discussion of the location and flux of potential discharge of groundwater and COPCs to 
Oakland Harbor; 

• An evaluation of whether additional data are needed to characterize groundwater 
conditions at the Site; and 

• A discussion of the potential need for corrective actions. 

The report will be reviewed and signed by a California Professional Geologist or Professional 
Engineer. 
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8.0 SCHEDULE 

Implementation of the field components of this Work Plan (tidal study, slug testing) will be 
initiated within 30 days after receiving SFBRWQCB approval. It is anticipated that the Tidal Study 
will be conducted over a four-week period. SFBRWQCB staff will be notified at least three days 
prior to initiation of field work. 

Reporting will be completed within 90 days following completion of field activities.  
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