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EXECUTIVE SUMMARY

Applied Remedial Technologies, Inc. (ART) has conducted a Hydrogeologic Assessment that included a

groundwater aquifer test and performance of construction dewatering analysis for Heitz Trucking

(formerly DiSalvo Trucking) facility located at 4919 Tidewater Avenue, Oakland, California (Site). This

assessment was conducted to obtain a better understanding of the aquifer properties of the underlying

subsurface material. Results ofthis assessment will be used in the preparation ofthe Final Design which

may include excavation and dewatering activities as part of remediation to be conducted at the Site.

Soil borings from previous onsite environmenial investigations indicate the area beneath the Site was

likely frlled to create land and lift the surface roughly 5 feet above the high tide line (Gentech, 1994 Soil

and Groundwater Investigation'). The underlying arlificial fill material is comprised primarily of gravel

and sand which may contain debris such as concreie or asphalt as well as silt and clay. The fill is

rmderlain by organic clay with thin interbeds of organic or plart material (Bay Mud). The isopach map

shows the estimated thickness of the artificial fil1 where the base ofthe filI is defiIed as the top ofthe clay

matedal. The clay unit forms a sort of bowl with the thickness of the fill material increasing to

the north-east, varying from about 1.5 feet near the southern corner and 4 to 5 feet along the north

property boundary to greater than 9 feet along Tidewater Avenue @F-AS,2006 Report of Environmental

Investigations).

A constart-rate aquifer test was performed using well EW-l to estimate the aquifer parameters of the

subsurface fill materials. These aquifer parameters were then used to conshxct a numerical groundwater

flow model to evaluate several dewateting alternatives and simulate the response of the aquifer system to

the recommended dewatering altemative. The model was calibrated to a transient condition by simulating

the EW- l constant-rate aquifer test. Following the non-pumping (steady state) simulation and transient

calibration ofthe model, dewatering conditions were simulated by lowering the water table to the bottom

of the fill material, which is the proposed excavation depth at the site (except in the vicinity of the fomer

UST area), using a combination ofperimeter and intemal dewatering wells. These dewatering wells were

assumed to be installed in a manner such that the bottom of each of the proposed dewatering wells is

expected to lie 5 feet within the bay mud r.nderlying the fill material (well completion depth varying from

approximately 8 to 14 feet below ground sudace (bgs) for the varying fill material depth of approximately

3 to 9 feet, respectively). The procedures and conclusions from our aquifer testing activities and

conshuction dewatering analysis for the proposed remediation activities can be summarized as follows:
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Executlve Summary

A constart-rate aquifer test was performed on well EW-l io estimate the aquifer paxameters of the

subsurface fill material, and also to deternine the extent of hydraulic communication between the fill

material and the clay unit/Bay Mud underlying the fill material. EW-1 is an 8-inch diameter well that

is screened from a depth of approximately I foot to 11 feet bgs. As part of the aquifer testing

activities, newly installed observation wells (OB-3, OB-4, OB-5, and O8-6) and some of the existing

on-site monitoring wells (MW-2 and MW-3) were monitored elecfonically to estimate the tesponse

of water levels during the aquifer test. Water levels were moniiored i the pumping well and

observation v/ells for 4S-hours prior to initiating the step drawdown test. Prior to commencement of

the consta.nt-rate aquifer test, a step-dmwdown test was also performed to assess the sustainable yield

of the pumping well for a 48-hour constatt-rate pumping test. Based on the results of the step-

drawdown test, a 48.5-hour constant-rate pumping test was performed on well EW-1 at a constart

discharge rate of 1.91 gallons per minute (gpm). After cessation ofthe aquifer test, aquifer recovery

daia was also recotded for the pumping and moniioring wells for a period of 27.5 hows.

Estimates of T and S, for the fill material ranged ftom 50 fflday to l$ fflday, and 0.006 to 0.056,

respectively. Assuming a sahrated thickness of7 feet for the fill material, estimates of the hydiaulic

conductivity (K) ranged flom 7 ftlday to 72 fr/day.

During the duration of the constart-rate aquifer test, no drawdown was observed in observation well

OB-5, which is soeened only in the Bay Mud and is located approximately 7 feet from the pumping

well EW-1. This implies that pumping ftom the fill material will exhibit minimal or no influence on

the grormdwater levels in the Bay Mud.

A gloundwater flow model was consffucted using the parameters obtained from the aquifer test, site

lithologic logs, arrd groundwater elevations. These aquifer patameiers were fuilher modified during

the steady state simulation and transient calibration simulation to obtain the final calibrated aquifer

parameters that would be used in evaluating and simulating the proposed dewatering system at the

Site. The groundwater flow model was calibrated io the tralsient condition by simulating the EW-l

constant-rate aquifer test. Both the steady state simulation and hansient calibration simulation results

were found to be representative ofthe observed site conditions.

The proposed dewatering system, comprising 47 extraction wells along the perimeter and the interior

of the Site, was simulated using the calibrated groundwater flow model. Each of these dewatefing

wells is proposed to be installed in a manner such that the bottom of each of the proposed dewatering

wells is expected to lie only in the top portion of the clay unit which lies beneath the fill material.
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Exoculive Summaty

Several simulations were performed to evaluate the effectiveness of the proposed dewatering system,

and also to evaluate the effects of various aquifer parameters including groundwater levels, storage

coefflcient, hydraulic conductiyity, and hydraulic communication between the zones (represented by

the leakance) on the time to dewater the site.

Results ofthe dewatering simulation under the Base Simulation condition (initial groundwater levels

are assumed at a depth of approximately 1.5 to 2.5 feet bgs at the site and S" for the fill material is

0.02) indicated that the Site would take approximately 60 days to dewatel to bottom of the fill

material. As the dewatering results in the drop in grcundwater levels at the Site, the exftaction rate

would decrease from an initial rate of approximately 50 Wm ro a sable rate of approximately 0.5

gpm after 60 days.

As S", which is defined as the drainable porosity of the sediments, is the key physical parameter

controlling the time required to dewater, dewatering simulations were performed with a range of S"

values so as to understand the impacts of higher S, on the dewatering of the site. Results of the

dewatering simulations indicated that the time required to dewatet the fill material (model layer 1)

increased significantly when the S, was increased. For such a condition, additional wells would be

required to completely dewater the site within a limited time ftame.

Model sensitivity analysis indicaie that changes in the aquifer paraneter values of hydraulic

conductivity and leakance can result in a significant change in the time required to dewater the site.

An increase in hydraulic conductivib/ and a decrease in leakance values from the final calibrated

values will increase the time required to dewater the site significantly. In such a condition, the flow

rates of the simulaied dewatering wells may need to increased or additional wells may be required to

completely dewater the site. However, a decrease in hyclraulic conductivity and an increase in

leakance values will decrease the time reouired to dewater the site.

Even though changes in aquifer parameters eflects the drawdowns and time to dewater the site, the

drawdom results obtained ftom the Base Simulation was considered most representative because it is

based on the calibrated values obtained from the transient calibration model runs, which were further

based on the obsewed behavior ofthe aquifer during the EW-1 constant rate aquifer test.
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1.1

I.O INTRODUGTIOH

Applied Remedial Technologies, Inc. (ART) was retained by R.W.L. Investments, Inc. to provide

hydrogeologic assessment by conducting a groundwater aquifer test and construction dewatering analysis

for the Heitz Trucking (formerly DiSalvo Trucking) facility located at 4919 Tidewater Avenue, Oakland,

Califomia (Site). The scope of work and the objectives were presented in a proposal by ART dated

March 30, 2006. This assessment was conducted to obtain a better understanding of the aquifer properties

of the undalying subsurface (fill) material. Results of this assessment will be used in the prepamtion of

the Final Design which may include excavation and dewatering activities as part of remediation to be

conducted at the Site.

The scope ofwork objectives, project background, geological setting and hydrogeology, scope ofservices

provided (and the deviations there from), and the results are presented below.

Scope of lvork Obiectives

The primary objecfives of this analysis, per the scope of work and the objectives presented in ART's

March 30, 2006 proposal and the April 5, 2006 work plan, are as follows:

. Perform ar Aquifer/Dewatering Test (Test) io characterize the hydraulic parameters, including

hydraulic transmissivity (T), conductivity (K), storativity (S) and specific yield (S), of the fill

material, and also determine the pumping capacity ofthe proposed dewatering wel[.

. Using the results of the aquifer testing activities and data from previous site investigations, develop a

numerical groundwater flov/ model to simulate the response ofthe aquifer system to dewatering.

. Calibrate the groundwater flow model by simulating the EW-1 constant-rate aquifer test.

r Using the calibrated groundwatel flow model, evaluate the effectiveness of the rccommended

dewatering aliemative, ard estimate the numbers, locations, and pumping rates of wells/extraction

points required to maintain groundwater levels below the proposed excavation depth.

. Estimate the drawdoms for the recommended dewaterins alternative.

. Evaluate the impacts and effectiveness of proposed mitigation measures like sheet piling on the

existing grouldwater flow, and on the proposed dewatering activities.
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Introduction

1.2 Proiect Background, Geologic Setting, and Hydrogeology

The Site is located in the southwestern part of Oakland, in the eastem part of the San Francisco Bay Area.

The San Francisco Bay Area occupies the central part of the Santa Clara Valley, a broad alluvial valley

that slopes gently nofthward towards Sal Francisco Bay and is flanked by alluvial fans deposited at the

foot of the Diablo Raage to the east and the Santa Cruz Mountains to the west. The upland surfaces rising

abruptly approximately four miles to the east of the Site are known as the East Bay Hills. The Site is at an

elevation of al4roximately five feet above Mean Sea Level according to the USGS Oakland East

Quadrangle Calfornia 7.5 Minute Series topographic map. Regionally, topography in the area ofthe Site

slopes down to the west towards San Francisco Bay. However, the area ofthe Site is generally very flat

with little topographic change.

The Site contains a large concrete warehouse and loading dock building, an office trailer and maintenance

building. Outside yard areas are located along the northwest side of the building and a much larger

outside yard area is located between the buildings. The Owner is plarming io demolish the current

buildings and after the required remediation, the Site is planned to be redeveloped for residential

purposes. The Site is listed as a fuel leak case and is being overseen by the Alameda County

Environmental Health Departnent (ACEHD). Previous and ongoing environmental investigations

conducted at the Site show elevated concentrations ofpetroleum hydrocarbons (predominantly diesel) in

soil beneath the Site, and volatile organic compounds (VOCs) and petroleum hydrocarbons including

diesel, and gasoline constituents benzene, toluene, ethylbenzene and xylenes (BTEX) in groundwater

beneath the Site.

Soil borings from previous onsite environmental investigations indicate the area beneath the Site was

likely filled to create land and lift the surface roughly 5 feet above the high tide line (Gentech, 1994 Soil

and Groundwater Investigqtion\. The Site is underlain by artificial fill comprised of gravel and sand

which may contain debris such as concrete or asphalt as well as silt and clay. The fill is undedain by

organic clay \yith thin interbeds of organic or plant material. This material was often logged as peat in

previous investigations. The isopach map shows the estimated thickness of the artificial filI where the

base of the fiIl is defrned as the top of the clay/peat material. The clay unit forms a sorl of bowl with the

thickness of the fill material increasing to the north east, varying fiom about 1.5 feet near the southem

corner and 4 to 5 feet along the north property boundary to greater than 9 feet along Tidewater Avenue

(ERAS, 2006 Report of Enfironmental Inyestigations\.
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Iniroduction

The regional groundwater flow follows the topography, moving liom areas of higher elevation to areas of

lower elevation. The regional groundwater flow direction in the area of the Site is estimated to be to the

west towards San Francisco Bay. Dudng various groundwater monitoring episodes from April 14, 1994

to August 19, 2005, depth to groundwater has been measured in the monitoring wells fiom 1.14 to 3.88

feet below top-of-casing. Groundwater appears to be unconfined. The groundwater gadient at the site

ranges from 0.003 foot/foot to 0.04 foot/foot. However, given the close proximity ofthe Tidal Canal, the

groundwater beneath the Site is probably under tidal influence with daily fluctuations in groundwater

flow dkection (ERAS, t005 Technical Summary Report), and hence there may not be a dominant

groundwater gradient.
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2.O ASUIFER TESTING ACTIVITIES

As per our proposal dated March 30, 2006 and work plan dated April 4, 2006, ART performed an aquifer

test to characterize the hydraulic properties of the subsurface fill material and to obtain additional

subsurface hydrogeologic information at the siie. Results of the aquifer testing activifies were used to

ptovide recommendations for the temporary construction dewatering system that would be installed at the

site prior to commencement of excavation activities.

Prior to Aquifer Testing activities, thee 2-inch diameter observation wells (wells OB-3, OB-4, and 08-6)

screened in the fill material, one 2-inch diameter observation well (OB-5) screened in the clay univBay

Mud, and an 8-inch dewatering well (Ew-l) were installed by ERAS on the Sire poperry. The

observation wells were installed for the puryose of monitoring groundwater elevations and aquifer

response during the constant-rate aquifer test. Figure 2 shows the locations ofthe observation wells and

the dewaiering well. Well installation, consbuction, and well development details have been provided in

the May 12, 2006 Report of Environmental Investigations by ERAS.

Aquifer testing activities included the performarce of a step-drawdown test, followed by a constant-rate

pumping test, and aquifer recovery observation. The step drawdown test was performed on

Apfl 22,2006 to assess the sustainable yield of the pumping well for a 48-hour constant-rate pumping

test. Based on the lesults of the step-drawdown test, a 48-how constant-rate pumping test was performed

from April 25,2006 to April 27, 2006 at a constant discharge rate of 1.91 gallons per minute (gpm).

Aquifer recovery was recorded for all the wells ftom April 27 , 2006 to April 28, 2006 after cessation of

the constant-rate pumping test.

The following sections provide a brief description of the equipment set-up for the aquifer testing

activities, the aquifer step test, and the constant-rate aquifel test procedures and results.

Aquifer Testing Set-Up

This section provides a brief description of the equipment set-up used for the step ard constant-rate

aquifer tests. The aquifer testing was perfomed using the newly installed on-site dewatering well EW-1

as the pumping well (Figure 2). The dewatenng well EW-l is an 8-inch diameter well, which was

installed to a depth of approximately 1 1 feet below ground surface (bgs) in a 36-inch diameter borehole.

The bottom of the borehole extended approximately 3 feet into the underlying clay unit. Well EW-1 is

screened in the fill material, and the upper portion of the clay unit from approximately 1 to 11 feet bgs. In
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Aquitur Testing Activities

addition, pea gravel was placed around the well casing all the way to the suface. Groutdwater was

extracied using a submersible pump (GrundFos RedFlo 2, which is capable of pumping at variable flow

rates) with the flow regulated by a manual valve. The extracted groundwater was then discharged into

one upright 15,000-gallon Baker Tank using 1%-inch flexible PVC hose. The submersible pump was

placed at a depth of approximately I I feet below glound suface (bgs). An in-line totalizer, connected to

the submersible pump, was used to monitor the flow rate during the constant-rate pump test.

Pressure transducer units (MiniTrolls) with built-in dataloggers and barometric correction were installed

in the newly installed observation wells and some of the existing on-site monitoring wells to

electronically monitor the response of water levels during the aquiler test. The transducers were set

approximately two feet above the bottom ofthe well for the monitodng wells and above the pump for the

pumping well EW-l (approximately 9 feet bgs). The selected wells included newly installed obseruation

wells OB-3, OB-4, and 08-6, and existing monitoring wells MW-Z and MW-3, which are predominately

screened in the fill material, and well OB-5, which is screened in the clay unit (Bay Mud) underlying the

fill material. The dataloggers were linked to a computer terminal for real-time display of water levels

during the pumping test. Water levels were also monitored in the pumping well and observation wells for

48-hours prior to initiating the step drawdown test. The water levels were then allowed to recover for

apptoximately 67-hours prior to initiating the pumping phase of the aquifer iest.

During the pumping and recovery portions of the test, the data loggers were set io record data at different

intervals to adequately capture the drawdoli.n and recovery responses needed for hydraulic palameter

analysis. Prior to commencement of the pump test, the total depth of all the wells was recorded and a

baseline set of static water-level measwements was manually collected ftom each well using a Solinst

electric-sounder. Water levels in the observation wells were manually collected on a periodic basis to

veriry and assess the accuracy ofthe equipment being used for the test.

Step lrrawdown Pumping Test

The step drawdown pumping test was conducted on April 22, 2006 to determine the flow rate and test

duration for ihe constant-rate pumping test at a sustainable yield. Prior to commencement of the test,

water levels in each of the wells were manually measured using a Solinst electric-sounder. The

dewatering well was then pumped for a specified period at different pumping rates (steps) while

monitoring changes in the water levels. The water levels and conesponding times were recorded during

each pumping step to allow for analysis of the drawdown atributed to each step, and also to provide

information needed for selection ofthe pumping rate for the long-tem constant-rate test.
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2.4

Aquiter Testing Activities

The step-drawdown test in pumping well EW-1 consisted of five pumping steps. The total available

drawdown in pumping well EW-l was approximately 7 feet. Step pumping rates of 1.65, 2.2, 3.85, 5.35,

and 7 gallons per minute (gpm) were used, and the test lasted a total of 170 minutes. The step rates of

I.65,2.2,3.85,5.35, and 7 gpm were run for 45,20,45,40 and20 minutes, respectively. A constant flow

rate was maintained throughout the duration of each step. The flow rate was increased to a new step after

the drawdown in the pumping well (well EW-1) stabilized. The transducer reading and flow rate was

tabulaied and graphed throughout the step-drawdown test. For the step rates of 1.65,2.7,3.85, and 5.35,

the drawdoli.n in EW-l was observed to stabilize at approximately 0.8, 1.1,2.3, and 4.3 feet, respectively.

The drawdown in EW-l increased from an approximate rate of0.01 feet per minute (fpm) during the later

stages ofthe step test rate of 1.65 gpm to 0.04 ftm during the later stages ofthe step test rate of 5.35 gpm.

However, after 20 minutes of pumping at a rute of 7 gpm from well EW-1, the water levels dropped

below the transducer settings. After completion of the step-drawdowl test, the data were downloaded

fiom the data logger onto a portable computer. A graph showing drawdown results from the step-

drawdown test is shown in Appendix A. Based on the step-drawdown test data, a rate of 1.9 gpm was

selected to perform the long term constant-rate test.

Constant-Rate Aquifer Test

The objective of the constant-rate aquifer test was to impose a hydraulic stress on the waier bearing zone

by pumping from the selected pumping well, and then monitoring the drawdowns in the observatron

wells. The resulting drawdown data were then used to assess the degree of hydraulic communication

between wells, the lesponse of the fill material and Bay Mud to pumping, and provide estimates of

transmissivity (T), hydraulic conductivity (K), storativity (S), and specific yield (Sr) for the fill material.

These data were also used to estimate the extent ofhydraulic communication befueen the fill material and

the Bay Mud. The long-term constant rate pumping tests included the three components described below:

r Background Period Prior to pumping each well, static, non-pumping water levels were monitored

to determine the trend of changes in water level, if any, and to provide a basis for determining

drawdown due to pumping. This portion of the test was used to assess regional water level trends and

to estimate the barometric efficiency of each observation well. During the background phase, water

levels were monitored in the pumping well and observation wells for a period of z-days prior to

initiating the purnping phase.

. Pumping Period - During the pumping phase, a constant pumping rate of 1.91 gpm was maintained

during a 48.5-hour period while monitoring drawdom effects in nearby observation wells.
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Aquifer Te*ing Activities

. Recovery Period - The period of time immediately following cessation ofthe pumping period during

which the water levels in the monitored wells rise back to nearly static, non-pumping levels. During

the recovery phase, recovering water levels were monitored in the pumping well and observations

wells for a period of 27.5 hours after cessation ofthe pump test.

A discussion of each period of the constant rate purnping test is provided below.

The constart-rate pumping test was conducted between April 25h and 27'b,2006 using well EW-l.

Background water levels were moniiored in each observation well for approximately two days prior to the

stad of pumping. Well EW-1 was then pumped at a rate of 1.91 gpmforatotalof 48.5 hours. A constant

pumping rate was maintained throughout the duration ofthe test.

During the constant-rate performance of the pumping test, water levels were electronically monitored in

the selected observation wells. As part ofthe equipment check process, the irstantaneous flow mte and

total flow volume were periodically recorded. Also, manual water level data for the observation and

pumping wells were collected periodically using a Solinst electric-sounder.

During the constant-rate aquifer pumping testr the water level in pumping well EW-1 decreased

approximately 4 feet in response to pumping. As stated earlier, pumping well EW-l was screened across

the fill material and the upper portion of the clay unit underlying the filI material. Hence, drawdowns

were observed in all the observation wells screened in the fill material. The drawdowns raaged from 0.47

feet (well MW-3 located approximately 95 feet from EW-1) to 1.99 feet (well OB-3 located 7.5 feet from

EW-l) for the wells screened in the fill material. The maximum decrease in water levels in all the

observation wells is shown in Table 2. However, no drawdown was observed in observation well OB-5,

which is screened only in the Bay Mud and is located approximately 7 feet from the well EW-1. Water

levels in OB-5 exhibited an overall decreasing hend dudng the background, pumping, and recovery

periods. This implies that OB-3 is not hydraulically connected to the fill rnaterial, and the decrease in

water levels can be attribuled to a regional ftend. Hence, pumping flom the fill material will exhibit

minimal or no influence on the Bay Mud.

After completion ofthe pumping test, recovery was monitored for approximately 27.5 hours. During the

recovery phase, the tansducers werc not moved and the tlata logger was configured to record data

periodically, as was done for the constant-rate pumping test (more {iequently at first and less frequently

as the water levels recovered). Once the recovery phase of the test was completed, the data were

downloaded fiom the data logger onto to a portable computer.
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Aquifer Testing Activitles

2.5 Data Analysis and Results

The purpose of the constant raie aquifer pumping tests was to monitor the aquifer's response to pumping

and to use the data to estimate aquifer parameters such as transmissivity (T), storativity (S), and specific

yield (Sr,). Estimates ofthe aquifer parameters were then used to estimate the dewatering volumes. This

section presents a discussion ofthe constant rate aquifer pumping test data analysis and results.

2.5.1 Data Analysis

Following the constant-rate pumping test, graphs of &awdolvn versus time were produced for the

pumping and observation wells. Graphs were produced for the pumping period and recovery period of

the test, and are included in Appendix A.

2,5.2 External Effects on Water Levels

Prior to analysis of the data, several factors that could potentially affect aquifer pumping test data were

considered. These factors included: (1) equipment accrnacy; (2) changes in barometric pressue; and

(3) local fluctuations in groundwater levels.

2.5.2.1 Equipment Accuracy

As a check for equipment accuracy, manual water level measurements in the monitoring wells were

compared to the electronic data measured by the hansducers. It was observed that drar dorms derived

from the pressure transducer data and manual data were equivalent.

2.5,2.2 Changes in Barometric Pressure

Each of the transducers (with builrin data loggers) also has a built-in barometric correction incorporated

to the collected data. Based on the barometric pressure readings during the test, the water level data

reported by die hansducers are automatically coffected to account for these barometric pressure changes.

However, to assess the accuracy of the barometric conections, hourly barometric pressure readings were

also obtained for the Metro Oakland Intemational Airport weather station, coresponding to the duration

ofthe aquifer testing activities. The barometric pressure data indicated minimal changes in the pressure

during the duation of the aquifer testing activities. Hence, no barometric corections were applied for the

drawdown data in the obserrr'ation wells.
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Aquit€r f osling Aclivities

2.5,2.3 Local Fluctuations in Groundwater Levels

To evaluate the effect of local fluctuafions in groundwater levels during the pumping test, water levels

were monitored manually and electronically in each of the wells during the background, pumping, and

recovery periods. Prior to initiating the step-drawdown test, background period data indicates that Site

water levels were generally dropping in all the wells. This could be attributed to the seasonal decrease of

groundwater levels. To account for the effects of declining water levels during the constant-rate pumping

test, a lineax water level trend correction was applied to the pumping and recovery water level data in the

observation wells. The conection factors were estimated from the trends obsewed during the backgrormd

phase of the test for each well, and averaged approximate\ 0.134 feet per day (ff;/day) for the wells

screened in the fill material. A graph and a typical calculation for estimating the correction factor for

EW-1 is shovn in Alpendix A.

2.5.3 Aquifer Parameter Analysis and Results

Several different tech:riques were used to analyze data from the constant rate pumping tests. The

computer program AqtesolvrM was used to assist with the aquifer parameler analysis. This progra.m

combines statistical paxameter estimation methods with interactive curve-matching capabilities. Based on

the available lithology, drawdown data ftom the constant-rate pumping test were analyzed using the

Neuman unconhned curve-matching method to estimate the T and S" (Neumann, 1972) and the Theis

unconfined curve-matching method to estimate the T and S (Zfter.s, -1935) for all the wells screened in the

fill maierial. Recovery data for the test was also analyzed using the Theis recovery method io provide ar

additional estimate of T (Theis, 19J5). In addition, T was also estimated, for comparison purposes, using

the 'Distance-Dmwdown' method (Cooper-Jacob), from the data obtained at the end of the pumping

period. A briefdiscussion ofthe constant raie test results is presented below.

As stated previously, pumping well EW-1 is screened across the fill material (comprised primarily of sand

and other coarse grained malerials) and approximately 3 feet into the clay unit unde ying the fill material.

As the hydraulic conductivities of coarse grained materials (sands and gravel) are generally observed to

be one or two order magnitude greater than those observed in frne grained (silt and clay) zones (Freeze

and Cherry), the pumping from EW-1 can be allocated primarily to the fill material. This was further

collaborated by the observation that pumping from EW-1 resulted in drawdowns in all the obsewation

wells screened across the fill material; however, no drawdown was observed in well OB-5. which was

screened in the clay unit.
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Results of the parameter analysis for the constant-mte pumping test are summarized in Table 1.

Estimates ofT and S, for the fil l material ranged from 50 filday to 153 d/day. and 0.006 to 0.056,

respectively. Assuming a saturated thickness of 7 feet for the fill material, estimates of the hydraulic

conductivity (K) ranged from 7 ft/day to 22 ftlday. Also, T was estimated to be 99 d/day using the
'Distance-Drawdown' method (Cooper-Jacob). This value of T corresponds to a K value of 14 ff/day.

Hence, an average value of94 dlaay, t: ftlday, and 0.027 was estimated for the T, I! and S, for the fill

material underlying the Site.

2.5.4 Summary

A constant-nte aquifer pumping test was performed to estimate aquifer paxameters such as transmissivity

(T), storativity (S), and specific yield (S") for the fill material beneath the Site. Hydraulic conductivity

(K) was then evaluated ftom the ratio of the T and b (saturated thickness for the unconfined condition and

the aquifer thickness for the confined condition). Estimates of the aquifer parameters were used to

construct a grcundwater flow model to evaluate the various dewatering altematives and simulate the

response ofthe aquifer system to proposed dewatering altemative.

Estimates of T and S" for the fill material ranged from 50 frlday to l$ frlday, and 0.006 to 0.056,

respectively. Assuming a saturated thickness of 7 feet for the fill material, estimates of the hydraulic

conductivity (K) ranged from 7 fl/day to 22 ftlday. However, for the purpose of the modeling effort,

average values of 15 fl:/day and 0.02 were initially assumed for the K ard Sy, respectively, for the fill

material.

Also, no drawdown was observed in observation well OB-5, which is screened only in the Bay Mud and

is located approximately 7 feet from the pumping well EW-l during the duration of the constant-rate

aquitbr test. This implies that pumping from the fiIl material will exhibit minimal or no influence on the

groundwater levels in the clay unit underlying the subsruface fill materials.

The aquifer parameter values adopted for the modeling exercise were further adjusted while performing

the calibration simulafions using the three-dimensional numerical flow model.
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3.1

3.O DEWATERING EVALUATION

The results of the aquifer test analysis were used to conshxct a numerical groundwater flow model to

simulate the response of the aquifer system to dewatering. The groundwater model developed for this

evahxltion is a three layer three-dimensional (3-D) numerical model that has been used as a iool to

simulate pre-pumping or steady state ard transient calibration conditions, estimate the extraction rates of

the proposed dewatering system, and simulate the response of the aquifer system to dewatering. The

results of the aquifer system response to the proposed dewatering were then applied to estimate the tine

ftame and costs required to implement and complete the proposed remedial activities at the site.

This section provides a brief description of the numerical groundwater flow model construction,

simulation of the steady state model, calibration of the trallsient condition by simulating the EW-l

constant-rate pump test, sensitivity analysis, and results of the dewatering simulations. The model input

and calibration parameters were obtained from the aquifer test analysis, lithologic logs for the on-site

monitoring wells, and water level data from the monitoring wells.

Numerical Groundwater Gode Description

MODFLOW2000, which is the United States Geological Survey (JSGS) Modular Three-Dimensional

Finite Difference Groundwater Flow Model code, was selected as the numerical code for performing the

groundwater flow simulations and simulating the response ofthe aquifer system to dewatering. The most

recent version of the graphical interface program Groundwater Modeling System (GMS) Version 5.1 was

used to assemble and consftuct the input files for the model. GMS is a pre-processor and post-processor

that facilitates data preparation, manipulation, visualization, and presentation of MODFLOW2000a input

and outpul files. This program provides a high degree of automation and flexibility in the development of

the model and reduces the time required to construct input files and process ouQut files.

The groundwater flow simulations require the use of different MODFLOW2000@ packages dependrng

upon the boundary conditions or the vadous extemal stresses that need io be simulated for a given model

domain. The following MODFLOW2000@ packages were utilized during the groundwater flow

simulafions:

o .BAS The primary package used for model initialization, layer definition, initial potentiometric

conditions, water budget balance, definition ofthe t]?es ofsimulations;

o .BCF For layer hydraulic properlies and elevation control;
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. .WEL To simulate the extraction from dewatering well EW-l during the trarsient calibration

simulation;

.DRN To simulate the extraction from the dewatering wells during the dewatering simulations;

.HFB To simulate the shoring/cut-offwall surrounding the proposed development;

.PCG2 For utilization ofthe Preconditioned Conjugate Gradient matrix equation solver; and,

Model Geometry and Grid

The model domain dimensions were positioned relatively distant from the proposed Project boundaries to

rninimize impact ofthe imposed boundary conditions on the predictive performance ofthe model. Such

distancing is used to reduce the effects of errors from input uncertainties on the model results. In plan

view, the model's grid blocks axe mutually perpendicular lines that are spaced on a 5 foot by 5 foot grid.

Model solution nodes are located at the center of each cell and the model gdd is oriented northeast-

southwest. Row numbers increase in the south-westerly direction, column numbers increase in the

southeastedy direction. The vertical thickness of the aquifer (approximately 20 feet) was represented in

the model by three layers of grid cells, which represent the two separate lithologic zones observed

beneath the Site that may be influenced by dewatering activities. The vertical multi-layer system was

derived from the concephral model, and is assumed to represent two geologically different aquifer units:

Layer 1 represents the hll material; Layers 2 and 3 represents the clay unit / Bay Mud, which is primarily

comprised of silty clay / clayey materials. The clay unit is represented by model layers 2 and 3 so as to

properly represent the Foposed mitigation measure (sheet pile/cut-off wall) during tle dewatering

simulations and also determine the effects of the proposed mitigation system on dewatering at the Site.

The bottom of the proposed sheet pile/cut-off wall is assumed to lie within Layer 2. Layer I of the model

domain is designated as unconfined, whereas the underlying Layers 2 and 3 are fully convertible from

confined to unconfined conditions. The flow between the layers is represented by the vertical hydraulic

conductivity or leakance, except for the bottom most layet.

3.3 Layer Elevations

Layer surface and bottom elevations were assigned in GMS using the lithologic data from all boring logs

and monitoring wells within the domain and simulaled in MODFLOW2000@ using the .BAS package.

Layer/flow zone thicknesses, input as top and bottom elevations for each layer, are required to simulate

groundwater flow in the layers. The elevations are used by the model to determine aquifer thicknesses,

and subsequently calculate the transmissivity of the aquifer zones based on the thicknesses ofeach zone.

3.2
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Initially, the ground surface elevations for the model were obtained from the logs of on-site and off-site

soil borings and the on-siie monitoring u/ell network, and manually entered through the GMS interface.

In areas where little or no data was available, additional ground elevation values were manually input

through the GMS interface based on visual comparison with USGS topogaphic map. The completed

ground surface elevation data set was ffanslated to the top of Layer I (using the kdgging interpolation

method), and contoured within GMS until it matched the sur{ace features of the topogmphic map.

Similarly, the depth ofthe fi1l material was also obtained from the logs of on-site and off-site soil borings

and the on-site monitoring well network. In areas where little or no data was available, it was assumed

that the fill bottom was at a minimum of 3 feet below gomd surface (representing our assumption that 3

feet of fill was placed over the Bay Mud during the construction of this area. These additional fill depth

elevation values were manually input through the GMS interface based on visual comparison with USGS

topographic map. The completed grormd surface elevation data set was trarslaied to the bottom of model

layer I (using the krigging interpolation method), and contoured within GMS until it matched the surface

features ofthe topographic map.

Based on the interpreted surfaces ftom the on-site and off-site boring logs, and the depth ofthe assumed

mitigation measure (sheet pile/cufoff wall), model layers 2 and 3 were assigned a thickness of 5 and 8,

feet, respectively, at the siie and its immediate vicinity. After completion of this exercise, the layer

surfaces were exporled directly to MODFLOW20008 using the GMS interface.

Boundary Gonditions

A model's boundary is the interface between the model area and the surrounding environment.

Groundwater flow conditions along the perimetel boundary of the model domain were largely defined

from existing well data and topographic features. Data collected from the on-sile wells and the USGS

topo map! were used to define the boundary areas within the model domain. To the extent possible, the

boundary conditions were established in axeas distant from the location ofthe Site so that uncertainties in

their values would have minimal impact on the simulation results.

The perimeter boundary conditions were assigned using a combination of no-flow and general head

boundaries. General heads were assigned to boundaries that simulated either inflow to or outflow from

the model domain. The initial specified head boundary nodes were estimated by projecting the infened

gtoundwater elevations in the central portion of the model domain to the edges of the model boundaries.

General head boundaries were adjusted during the calibration process.

3.4
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The regional groundwater flow follows the topography, moving from areas ofhigher elevation to areas of

lower elevation. Grourdwater flow in the model domain is estimated to be from the north direction to the

southeasywest direction towards San Francisco Bay. It is assumed that the majority of groundwater

inflow and outflow in the model domain occurs predominantly along the north and southeas/west

boundaries of the model domain in the system; hence, these boundaries of the model domain were

designated as general head boundanes.

No-flow boundaries were assigned to areas where groundwater flow is interpreted to be parallel to the

perimeter of the model domain or where no groundwater flow into the model domain was expected. As

the majoriry offlow into or out ofthe model domain is assumed to be across the north and southeast/w€sr

bormdaries of the model domain, the east boundaries of the model domain are designated as a no-flow

boundary. Figure 3 depicts the boundary conditions associated with the model domain for all the model

layers.

It is expected that flow across or related to a particular model boundary may change during and as the

result of dewatering activities. However, due to the placement of mitigation measures (sheet pile/cut-off

wall) along the perimeter ofthe Site boundary, any change in the boundary condition is expected to have

minimal effect on the grormdwater conditions at the site ard its vicinity.

Aquifer Propelties

Input data for MODFLOW2000@ inclucle aquifer top and bottom elevations, hydraulic conductivity,

adsotopy, specihc yield and specific storage. Specific yield and specific siorage values were only used

during transient simulation runs. The .BCF package of MODFLOW2OOOO was used to simulate the

remaining aquifer propedies within the model domain.

Horizontal hydraulic conductivity (K5) values were assigned to each model cell to simulale flow within

the hydrostatigraphic zones of the model. As statsd in Section 2.5.4, ur initial -fi1 value of 15 ft/day,

which was estimated ftom the constant-rate aquifer test, was assigned to the fill material (model layer 1).

However, the initial estimate of the hydraulic conductiviry of the clay unittsay Mud was based on

available lithologic logs and literature values, and was assigned an initial value of 0.001 ft/day. These

initial hydraulic conductivity values for the model layers were further refined during the steady state and

transient calibration simulations of the model by incorporating additional zones of r(h. In addition, to

provide a complete covel?ge of the model domain, the K6 values in outllng areas, not influenced by the

aquifer tests, were assigned io be similar to those observed at the site. The final calibrated /(6 values for

the model layers are shown in the succeeding sections.
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The hydraulic communication between flow zones can be simulated using either leakance [ratio of

thickness over vertical hydraulic conducfivity (K")1, or vertical anisotropy (Krl1("). For our model

simulations, the leakance ofthe model layers, which is obtained from the vertical hydraulic conductivity

(rK') and thickness values for each layer, was used to simulate the hydraulic commmication between the

different flow zones. At present, there are no vertical hydraulic conductivity (r(") data available for the

soils underlying the site. Because field measurements of J(, are not available, a typical ratio of

horizontal-to-vertical hydraulic conductivif was used as a means of estimating and distributing values of

K,. Based on the conceptual model of groundwater flow and the assumption that horizontal flow is

dominant, the vertical conductivity values for a given cell in all the model layers were assumed to be

approximately one order of magnitude lower than the horizontal conductivity for that cell. Leakance

values were tlen calculated using the following equation:

Leakance = {1 lzQz,:K^ + 1 l2QzJK,}'l ;

where,

1/zQz,
r/zQa
K,,

K"r

the half-thickness ofthe upper layer;

the half{hickness ofthe lower layer;

the vertical conductiviry ofthe upper layer;

the vertical conductivify of the lower layet.

Based on the above formula, and the assumed K, and thickness values for the layers, the initial leakance

values assigned io the fill material (model layer 1) and the clay unit (model layer 2) were 0.001 and l,

respectively. Leakance values were refined graphically during the steady state and transient calibration

simulations until a consistent correlation was reached between the oredicted and observed head values.

For the transient simulation runs in MODFLOW, the stonge coefficient term is required. Storage

coefficient is defined as the volume of water that an aquifer releases from or takes into storage per unit

surface area of the aquifer prer unit change in head. In MODFLOW, the BCF package is used to assign

the storage coefficient values to the model layers using the primary and secondary storage coefficients.

The primary storage coefficient is always the specific yield (S") or unconfined storage coefficient for an

unconfined layer and the confrned storage coefficient for a confined layer. The secondary storage

coefficient is always the specific yield (Sy), and is only applied by the model ifthe model layer becomes

unconfined. The initiat primary storage coefficient value in the fill material (model layer l) was assigned

from the estimated aquifer parameters. The initial primary storage coefficient terms assigted to the clay

unit/Bay Mud were assumed from literature values for similar materials. Freeze and Cherry state that the
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S, values typically lies within a range of 0.01 (for clays) to 0.3 (for coarse sands), and the confined

storage coefflcient range in value from 0.005 to 0,00005. Based on the results ofthe constant-rate aquifer

test and the literature values, the initial storage coefficient values assigned to the preliminary model

simulations were 0.02 and 0.001 to the fill material (model layer 1) and ttre clay uniVBay Mud (model

layers 2 and 3), respectively.

Storage coefficient values were refined graphically during the transient calibration simulation until a

reasonable correlation was reached between the Dredicted aad observed head values.

3.6 Recharge

Rechaxge due to precipitation was not used in this model presentation as most of the domain area rs

paved, and mrnimal infilhation ofrainfall to the groundwater would have occurred at the site.

3.7 Groundwater Extraction

Following the calibration of the groundwater flow model rmder ambient (non-pumping) steady state

conditions, the .WEL package of MODFLOW2000@ was used to simulate the trarsient calibration run

afld the .DRN package of MODFLOW2OOOE was used to simulate the groundwater extraction flom the

dewatering wells.

Prior to performing the dewatefing simulations, the transient calibration of the model was also performed

by simulating the EW-l constant rate aquifer test. The extraction rate of the well (1.9 gpm) was allocated

to the frll material.

For the dewatering simulations, twelve perimeter wells, approximately 50 feet apart, and two internal

wells were simulated. Each of these wells was screened across model layers 1 and 2. GMS proportioned

the extraction of the wells ftom each layer based on the transmissivities of the layers. Howevert in certain

simulations, the wells had a tendancy to go dry due to solver limitations. In such cases, the .DRN

package was utilized, where each of the dewatering wells was set up as a drain cell. The drawdown

observed in a dewatering well was simulated by setting the bottom elevation of the drain cell below the

bottom of model layer 1 such that it would simulate the condition of the groundwater level below the

proposed excavation depth ofbelow the fill material. The hydraulic conductance value for each drain cell

is estimated from the product of the cell area (5 x 5 ft cell) and the hydraulic conductivity of the

subsurface material at that location (approximately 20 ff/day). For the modeling effort, the hydraulic

conductance value alloned to each drain cell was 500 ftr/dav.
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3.8 Groundwater Flow Model Galibration

This section presents the calibration of the $oundwater flow model performed to assess the model

parameters. Calibmtion is the process by which model parameters, such as hydraulic conductivity, are

adjusted within typical model criteria ranges and until the difference between observed and sirnulated

hydraulic head values are within limits of acceptability. Before a groundwater flow model can be used

for predicfive simulation, it is necessary to obtain a reasonable correlation between the simulated and

obsewed hydraulic head conditions under natural flow conditions. Because of the complexity of

hydrogeologic systems, initial estimates of model parameters generally do not produce results that axe

completely consistent with observed field conditions. Hence a calibration process is performed, in which

estimated model parameters defining the modeled sysiem are adjusied, until ar acceptable match between

the modeled and observed values is achieved. An ideal calibration process involves calibrating a steady

state model to grormdwater levels within a monitoring well network in non-pumping or ambient

conditions. However, due to limited availability of groundwater level data within the model domain (only

four monitoring wells axe installed within the model domain), comparison of observed and simulated

gtoundwater levels in monitoring wells is minimal. Hence, a statistical calibration of the steady state

model (convergence and residual statistics) was not perfomed.

However, a qualitative evaluation of the calibration can be made by evaluating the shape and gradient of

the simulated potentiometric surface of a calibrated model. Hence, model parameters and boundary

conditions were adjusted in a systerratic manner until a reasonable fit of the shape and gradient of the

observed and simulated potentiometric surface for the fill material was obtained.

The water budget for the steady state simulation showed that there was approximately 1,5S ftrd (0.91%)

discreparcy between the inflow and outflow of the steady state model. 'fhe ASTM Standard D 5981-96

considers a water budget discrepancy of less than 5olo adequate.

Groundwater Flow l,lodel Transaent Calibration

Prior to conducting the dewatering simulations, a transient calibration simulation was perfomed to

evaluate whether the groundwater flow model is capable of reliably predicting responses to aquifer

stresses such as an aquifer pump test. The hansient groundwater flow model was calibrated by simulating

the EW-1 constant-mte aquifer test, and comparing predicted and observed drawdown values. A

"transient" model run was performed using the hydraulic head data ftom the final steady state simulation

as the initial condition- Groundwater extraction from the fill material was simulated at a constant rate of

1.9 gallons per minute (gpm) from well EW-l for a period of2.02l days (48.50 hours).

3.9
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Simulation of the EW-l constant-rate pumping test also provided the final storage coefficients for the

subsurface frll material. If the transient calibration simulation indicates that the modeled correlation

between the predicted and observed responses is insufficient, then the model calibration must be revisited.

This was done by adjusting the model input parameters, like hydraulic conductivity and storage

coefficient, until a good correlation is obtained. Once the results ofthe model calibration simulation are

acceptable, then the model can be used confidently for making predictive simulations.

Predicted and observed drawdowns at selected obsewation points were compared to verify if the model

was capable of accurately simulating pumping stresses in the vicinity of the extraction well. Table 2

summarizes the observed and simulated drawdowns ofthe obsewation wells at the end of the pump test.

Figures 44, 48, and 4C show the drawdown vs. time plots of some of the observation wells in the fill

material for the duration ofthe punping test.

Based on the simulated drawdowns, the model adequately predicted the behavior of the observed

drawdown during the iests. Any discrepancies between the observed and predicted drawdown for the test

can be attributed to the 'toarse" discretization of the model grid and localized variations in aquifer

characteristics. Also, the water budget for the transient simulation showed that there was approximately

0.18 d/d (0.02%) discrepaacy between the inflow and outflow of the steady state model. The ASTM

Standard D 5981-96 considers a waier budget discrepancy ofless than 5olo adequate.

3. to Galibrated Aquifer Parameters

Based on the results ofthe steady state and transient calibration simulations, the frnal calibrated hydraulic

conductivity assigned to the clay unittsay Mud (model layers 2 and 3) was 0.001 fVday. Howevcr,

different hydraulic conductiviry zones were assigned to model layer 1 (f1ll material). This can be

attributed to localized heterogeneities within the subsurface fill materials. Figure 5 shows the calibrated

K zones and values for the fill material (Laver 1) within the model domarn.

As stated previously, the primary storage coefflcient is always the specific yield (S,) or unconfined

storage coefficient for an unconfined layer and the confined storage coefficient for a confrned layer. The

secondary storage coefficient is always the specific yield (S"), and is only applied by the model if the

model layer becomes unconfined. The S" assigned to model layer 1 (fill material) was 0.02 and 0.01 to

model layers 2 ar,d 3 (clay unit8ay Mud). The secondary storage coefficient value of 0.012 was only

assigned to model layers 2 and 3.
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3.11 Slensitivity Analysis

This section presents the results of sensitivity analysis simulations performed on the calibrated model.

After the model was calibrated under the transient condition, a sensitivity analysis was performed to

identi! which model input parameters have the most impact on the degree of calibration.

The sensitivity analyses conducted generally were limited to those model parameters found to have

significant effect on results during calibration and during the ambient condition predictive simulations.

The implications of the sensitivity analysis are dependent on the accuracy of the input data, as is the case

with any model results. A general, qualitative, sensitivity analysis of the model was performed during the

initial stages of the model calibration to determine which parametefs most affect the calibration process.

Based upon this analysis, it was found that horizontal hydraulic conductivity (1(r,), storativity or specific

yield (S") and leakance in model layer 1 (fill material), were the most sensitive model parameters (given

the anticipated range of each model parameter) for the steady state condition and transient calibrated

conditions. Also during calibration, other poody constrained model parameters, such as the boundary

conditions that represented upgradient inflow and downgradient outflow conditions, and horizontal and

vertical hydraulic conductivity in Layers 2 and 3 were found to affect the calibration only in a limited

way. Hence, flrrther sensitivity analysis ofthe boundary conditions was not necessary as changes in these

values had relatively little impact at the Site area in comparison with that observed for the Kr, Sy, and

leakance parameters.

During the sensitivity aralysis, the sensitive model paxameters, such as K7,, Sr, and leakance, were

increased or decreased in a systematic way for each layer. This approach assesses the sensitivity of model

results to individual parameters, the uncertainty of model predictions, and the potential need for

addressing parameter uncertainty in the future. Model sensitivity was examined by observing changes in

the mean absolute residual, bias ofthe resulting simulated water levels, ard the water balance at the site.

Sensitivity analysis of ,tr;was performed by decreasing and increasing the calibrared value by an order-of-

magnitude, while values ofthe remaining parameters were held constant. Increasing the K6 by an order of

magnitude resulted in increasing the transmissivity of the model layers, which resulted in a moderate

variation in the overall calibration of groundwater flow within the model domain, and an increase in the

quartity ofunderflow into th6 system. Decreasing the K; by an order ofmagnitude resulted in decreasing

the transmissivity of the model layers, which resulted in a decrease in the quantity of underflow into the

groundwater system.
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Similar analysis of the sensitiviry of the model to variations in the leakance also indicated variations in

the overall calibration of groundwater flow within the model domain. Increasing the leakance values by

an order ofmagnitude resulted in an increase in the communication between the model layers I through 3,

an increased variation in the overall calibration of grormdwater flow within the model domain, and a

minimal inctease in the quantity of underflow into the system. Decreasing the leakance by an order of

magnitude resulted in decreasing the commrmication between the model layers 1 through 3. However,

only moderate variation in the overall calibration of groundwater flow within the model domain and

negligible change in the quantity ofunderflow into the groundwater system was observed.

In summary, an increase or decrease in the K, by an order of magnitude has moderate effects on the

overall calibration, and significant effects in the groundwater underllow into the system, and a change in

the leakance has moderate effects on the extent of hydraulic communication between layers I through 3.

3.12 Dewatering Simulations

The calibrated groundwater model was used to assess the extraction rates and associaied dewatering

effects fol the proposed dewatering system alignment.

Dewatering of the site can be defined as the need to physically drain satumted sediments within the

footprint of the excavation. The key physical parameters controlling the rate of dewatering and the extent

of produced drawdox'n are the drainable porosity of the sediments (specific yield) and the hydraulic

conductivity. Other parameters like the initial water levels and the pumping rates of the dewatering wells

can also affect the timeframe to dewater the site.

The objective ofthe dewatedng simulations was to simulate dewatering ofthe site to the bottom of the fill

material underlying the Site- The depth of the fill material underlying the Site ranges flom 1.5 feet to 9

feet below ground surface (bgs) within the footprint of the proposed excavation. This implies that for all

the transient simulations which assumed that initial water levels were approximately 1.5 to 2.5 feet bgs,

the modeled drawdown condition in which the 4-foot and 5-foot drawdown contours will enveloo the Site

would provide the necessary dewatering ofthe fill material.

This proposed dewatering design involved the placement of 47 extraction wells along the perimeier and

the hterior of the Site. Each of these wells is proposed to be installed in a manner such that the bottom

of each of the proposed dewatering wells is expected to lie only in the top portion of the clay rmit which

lies beneath the fill material. The locations of the dewatering wells shown in Figure 3 were estimated

during the dewatering simulations.
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Dewatadng Evaluation

For the dewatering simulations, the .DRN package was utilized to simulate Site dewatering, and each of

the dewatering wells was set up as a drain cell. As stated previously, the drawdown observed in a

dewatering well was simulated be setting the bottom elevation ofthe drain cell just above the bottom of

model layer I (as this would represent a condition in which the groundwater levels will be below the base

of the proposed excavaiion), and the hydraulic conductance allotted to each drain cell was 500 fPlday.

The following "transient" model simulations were performed using the hydraulic head data from the flnal

steady state simulation as the initial condition. Each simulation was for 180 days, as it represented the

time period under which the drawdowns reached a steady state condition under most simulation

conditions. In addition, the effect of several parameters on th€ rate of dewatering, time of dewatering,

and the extent ofthe produced drawdowns was also evaluated,

o Estimating the drawdown contours for the existing gloundwater levels condition at the Site. This

simulation provided the pumping duration required to dewater the site under present conditions, the

initial pumping rates required io dewater the site, and the drawdowns observed at and near the site.

. Evaluating the effects of the starting water levels at the site. This was performed by simulating a

higher groundwater level condition at the site, and comparing the results with the results of the

present day groundwater level dewatering simulation.

o Evaluating the effects of aquifer parameters like hydraulic conductivity, leakance, and storativity

(storage coefficient) of the model layers on the dewatering ofthe site.

3.12.1 Results of Dewatering Sinulations

Results of the numerical modeling simulation indicated that the time to dewater the site and the rate of

dewatering was dependant upon numerous parameiers. The following is a discussion of the dewatering

simulations results:

o Base Condition - Transient Calibration Simulation Figures 6A through 6C provide the results

of the dewatering simulation fol the present day groundwater levels. This simulation assumes

that the dewatering wells pump at an initial rate of 50 gpn! the initial groundwater levels are

assumed at a depth of approximately 1.5 to 2.5 feet bgs at the site, , and the hydraulic parameters

are the final calibrated parameteru obtained from the transient calibration simulations. It should

be noted that the initial S" of the upper sand zone (model layer 1) in this simulation is 0.02. The

time estimated to dewater the site (as represented by the 4.5-foot and 5-foot drawdo\ln contours

in Figure 6C) would be approximately 60 days (Figure 6C).
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Dewatering Evaluatlon

c Effects of Groundwater Levels An increase in the groundwater levels in the fill material beneath

the Site will inffease the time to dewater the Site.

. Effects of StorativiA- As stated previously, the specific yield (\) is the primary parameter used

to estimate the time required to dewater the site; hence, it is necessary to utderstand the impacts

of higher or lower Sy to the dewatering ofthe site. Therefore, sensitivity analysis was performed

to understand the impacts of the S" on dewatering the site. Results of these simulations indicaied

that the time required to dewater the fill material (model layer 1) increased significantly when the

S, was increased. For such a condition, additional wells would be required io completely dewater

the site within a limited time frame under such a condition.

e Effects of Hvdraulic Conductivil! - An increase in the hydraulic conductivity by twice the model

calibrated values results in a decrease in the total drawdown at the site ulder the same pumping

conditions as the Base simulation. Hence, increased flow rates in the existing wells or additional

wells would be required to completely dewater the site. A decrease in the hydraulic conductivity

to half the otiginal calibrated values in the model layers results in decreasing the time to dewaler

the Site.

t Effects o.f Leakance - An increase in the leakance values by an order of magnihrde times the

original calibrated values in all the model layers resulted in decreasing the time to dewater the

site. A decrease in the leakance values by one order ofmagnitude in model layers 1 and 2 did not

dewater the site until the end of the simulation run (160 days). Additional wells would be

required to conpletely dewater the site under such a condition.

3.13 Summary of Dewatedng Simulations

Results ofthe dewatering simulations indicate the following:

r Results of the dewatering simulation under the Base Simulation condition (initial groundwater

Ievels are assumed at a depth of apFoximately 1.5 to 2.5 feet bgs at the site and S, for the fill

material is 0.02) indicated that the Site would take approximately 60 days to dewater to bottom

of the filI material. As the dewatering causes groundwater levels to drop at the site, the

extraction rate would decrease from an initial rate of approximately 50 gpm to a stable rate of

approximately 0.5 gpm after 60 days.
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Dewatering Evaluation

. An increase in the specific yield S" values for an unconfined layer (model layer 1 fill material)

greatly increases the time to dewater the Site.

o Model sensitivity analysis indicate that charges in the aquifer parameter values of hydraulic

conductivity and leakance can result in a significant change in the time required to dewatel the

site. An increase in hydraulic conductivity and a decrease in leakance values from the final

calibrated values will increase the time required to dewater the site significantly. In such a

condition, the flow rates of the simulated dewatering wells may need to increased or additional

wells may be required to completely dewater the site.

. Even though changes in aquifer parameters effects the drawdowns and time to dewater the site,

the results of the Base Simulation were considered most representative because it is based on the

calibrated values obtained from the transient calibration model run, which was further based on

the observed behavior of the aquifer during the short-tem constant rate aquifer test.
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4.O GOI{CLUSIOI{S AND RECOMMEl{DATIONS

A constant-rate aquifer test was perfofined using well EW-l to estimate the aquifer pararneters of the

subsudace fill materials. These aquifer parameters were then used to construct a numerical groundwater

flow model to simulate the response ofthe aquifer system to dewatering. The model was calibrated to a

transient condition by simulating the EW-l constant-rate aquifer test. Following the non-purnping

(steady state) simulation and transient calibration ofthe model, dewatering conditions were simulated by

lowering the water table to the ploposed excavation depth at the site (approximately 4 to 5.5 feet bgs)

using a combination ofperimeter and internal dewatering wells. The conclusions fiom our aquifer testing

activities and dewatering analysis for the proposed development can be summarized as follows:

. A constant-rate aquifer test was performed on well EW-l to estimate the aquifer par"meters of the

subsurface materials. EW-l is an S-inch diameter dewatering well that is screened in the fill material

and the upper portion of the clay unit ftom approximately 1 foot to 1 1 feet bgs. - As part of the aquifer

testing activities, newly installed observation wells and two of the existing on-site monitoring wells

were monitored electronically to estimate the response of water Ievels during the aquifer test. Water

levels were monitored in the pumping well and observation wells for 48-hours prior to initiating the

step drawdown test. Prior to cofirmencement of the constant-rate aquifer test, a step-drawdown test

was also performed to assess the sustainable yield of the pumping well for a 48-hour constant-rate

pumping test. Based on the results ofthe step-drarvdown test, a 48.5-hour constant-rate pumping test

was performed on well EW-1 at a constant discharge rate of l.9l gallons per minuie (gpm). After

cessation ofthe aquifer test, aquifer recovery data was also recorded for the pumping ard monitoring

wells for a period of27.5 hours.

. Estimates of T and S, (Table l) for rhe fill marerial ranged from 50 ff'/dry to \53 fflday, and 0.006 to

0.056, respectively. Assuming a sahlated thickness of 7 feet for the fill material, estimates of the

hydraulic conductivity (K) ranged ftom 7 ftlday to 22 ft/day.

o During the duration of the constant-rate aquifer test, no drawdown was observed in observation well

OB-5, which is screened only in the Bay Mud and is located approximately ? feet from the pumping

well EW-I. This implies that pumping from the fill material will exhibit minimal or no influence on

the groundwater levels in the clay unit undedying the subsurface fill materials.
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Conclu3lon3 and Recohmendatlonc

. A gloundwater flow model was consfucted using the parameters obtained ftom the aquifer test, site

lithologic logs, and groundwater elevations. These aquifer parameters were further modified during

the transient calibration simulation to obtain the hnal calibrated aquifer parameters that would be

used in evaluating and simulating the proposed dewatering system at th€ Site. The groundwaler flow

model was calibrated to the tra.nsient condition by simulating the EW-1 conslant-rate aquifer test.

Both the steady state simulation and trarsie t calibration simulation results were found to be

representative of the observed site conditions.

. The proposed dewatering system, comprising 47 extraction wells along the perimeter and the interior

of the Site, was simulated using the calibrated grouldwater flow model. Each of these dewatering

wells is proposed to be installed in a manner such that the bottom of each of the proposed dewatering

wells is expected to lie only in the top portion of the ctay unit which lies beneath the fill material.

Several simulations were performed to evaluate the effectiveness of the proposed dewatering system,

and also to evaluate the effects of various aquifer parameters including grormdwater levels, siorage

coefficient, hydraulic conductivity, and hydraulic communication between the zones (represented by

the leakance) on the time to dewater the site.

. Results ofthe dewatering simulation rmder the Base condition (initial groundwater levels are assumed

at a depth of approximately 1.5 to 2.5 feet bgs at the site and S, for the fill material is 0.02) indicated

that the Site would take approximately 60 days to dewater to bottom of the fill material. As the

dewatering results in the drop in groundwater levels at the Site, the extraction rate would decrease

from an initial rate of approximately 50 gpm to a stable rate ofapproximately 0.5 gpm after 60 days.

. As Sy, which is defined as the drainable porosity of the sediments, is the key physical parameter

controlling the time required to dewater, dewatering simulations were performed with a range of S,

values so as to understand the impacts of higher S" on the dewatering of the site. Results of the

dewatering simulations indicated that the time required to dewater the fill material (model layer l)

inoeased significantly when the S, was increased. For such a condifion, additional wells would be

required to completely dewater the site within a limited time frame.

. Model sensitivity analysis indicate that changes in the aquifer parameter values of hydraulic

conductivity and leakance can result in a significant change in the time required to dewater the site.

An increase in hydraulic conductivity and a decrease in leakance values from the final calibrated

values will increase the time required to dewater the site significantly. In such a condition, the flow

rates of the simulaied dewatering wells may need to increased or additional wells may be requiied to
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Gonclusions and Recommendations

completely dewater the site. However, a decrease in hydraulic conductivity and an increase in

leakance values will decrease the time required to dewater the site.

Even though changes in aquifer parameters effects the dralvdou,:ts and time to dewater the site, the

drawdown results obtained from the Base Simulation was considered most representative because it is

based on the calibrated values obtained from the transient calibration model runs, which were further

based on the observed behavior of the aquifer during the EW- 1 constant rate aquifer test.
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5.O LIMITATIONS

This (eport has been prepared by Applied Remedial Technologies, Inc. (ART) for the exclusive use of

R.W.L. Investments, Inc. (RWL; Client) as it pertains to the Heitz Trucking (formerly DiSalvo Trucking)

facility located at 49 1 9 Tidewater Avenue in Oakland, California.

ART professional services have been performed using the degree of care and skill ordinarily exercised

under similar circumstances by other engineers, geologists, and,/or scientists practicing in this field. No

other warranty, express or implied, is made as to the professional advice in this report.

ART offers no assurarces ald assumes no responsibility for site conditions or acfivities that were outside

the Scope of Work (SOW) outlined in the attached report. In the preparation of this report, ART has

relied on the accuracy of documents, oral information, and materials provided by others. No wananty is

expressed or implied with the usage such information or material. This report may contain

recommendations and conclusions, which are generally based on incomplete and,/or insufficient

information of the site conditions present. However, further engineering and hydrogeological

investigation may reveal additional information, which may require the enclosed recommendations and

conclusions to be reevaluated.

Prior io use ofthis report by any party other than the Client, the party should notifu ART ofsuch intended

use. The attached report my not contain sufficient information for purposes of other parties or other uses.

Aly use or reliance on this report by a third party shall be at such pafty's sole risk.

The findings set fofih in the attached report are strictly limited in time and scope to the date of the

services clescribed herein, and not on scientific tasks or procedures beyond the services agreed upon, or

the time and budgeting constraints imposed by the Client. Any conditions and factors, including land use

and contaminant plume migration, may change over passag€ of time, additional investigation may be

required to update the site conditions (on-site and off-site), which may require the findings in the report to

be reevaluated.
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TABLE 2 - TRANSIENT CALIBRATION - RESULTS OF EW-l CONSTANT-RATE PUMP TEST

4919 Tidewater Avenue. Oakland. CA

Well

Name

Drawdown (ft) Residuals

(ft)ObserY€d Simulated

IvtW-2

MW-3

oB-3

oB-4

oB-6

1.55

0.47

1.99

1.50

1.48

r .37

o.32

l  9 l

1 .28

1.2

0.18

0.15

0.08

o.22

0.28
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APPENDIX A

GRAPHS AND FTGURES OF AQUIFER TEST RESULTS
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PROJECT INFORMATION

Company: Apptted ternelteLlegblqlqSleC
Client: R.W.L. Investments, lnc.
Project !@- !
Location: 4919 Tidewater Ave., Oakland
Test Well: EW-1
Test Date: UtZSrcA

AQUIFER DATA

Saturated Thickness: 7. ft

WELL DATA

SOLUTION

Aquifer Model: Unconfined

T = 4s.4s€tday
Sy = 0.0719c

Solution Method: Neuman

S = 0.0168
B =0 .6

Observatron Wells
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MW-2 RESPONSE TO EW.1 PUMPING AT 1.91 GPM fiHEIS)

PROJECT INFORMATION

Company: Applied Remedial Technologies
Client: R.W.L. Investments, Inc.
Project: 170-1
Location: 4919 Tidewater Ave., Oakland
Test Well: EWI
Test Date: 

-O4l25tO6

WELL DATA

)ino Wells
Well Name x (ft) Y (ft)
EW-1 0 0

SOLUTION

Aquifer Model: Unconfined

T = 95.07 ft2lday
KzJKr = O.1

Solution Method: Theis

S = 0.03
b  =7 . f r

Observation Wells
Well  Name x (ft) Y (ft)
" MW-2 -15 -4
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MW-2 RESPONSE TO EW-1 PUMPING AT 1,91 GPM {RECOVERY)

PROJECT INFORMATION
company: AppliedleqedlellgS|le srqs
Client: R.W.L. Investments, Inc.
Project: 170-1
Location: 4919 Tidewater Ave., Oakland
Test Well: EW-1
Test Date: C/,nSrcA

Saturated Thickness: 7. ft

AQUIFER DATA

Anisotropy Ratio (K/K4: 0.122

WELL DATA

SOLUTION

Aquifer Model: Confined

f = 72.93 ftzlday

Solution Method:

S/S' = 1.037

Observation Wells

Theis (Recovery)
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M\4I-3 RESPONSE TO EW-1 PUMPINGAT 1.91 GPM (NEUMAN)

PROJECT INFORMATION

Company: Applied !e499!a! fqqhlq!eg!eq
Client: R.W.L. Investments, lnc.
Project: 170-1
Location: 4919 Tidewater Ave.. Oakland
Test Well: EW-1
Test Date: O+1ZSIOA

AQUIFER DATA

Saturated Thickness: 7. ft

WELL DATA

SOLUTION

Aquifer Model: Unconfined

r  =7}.s#Hay
sy = 0.01448

Solution Method: Neuman

S = 0.002016
B =  1 .5

Observation Wells
Well Name x (ft) Y (fr)
. MW.3 92 -30
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MW.3 RESPONSE TO EW.1 PUMPING AT 1,91 GPM fiHEIS)

PROJECT INFORMATION

Company: Applied Remedial Technologies
Client: R.W.L. Investments, Inc.
Proiect: 170-1
Location: 4919 Tidewater Ave.
Test Well: EW-1
Test Date: C/.tmrcA

Observation Wells
Well Name x (ft) Y (ft)
. MW-3 92 -30

Aquifer Model: Unconfined

r = M2sPtday
l{zlKr = O.1

= 0.009087
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MW-3 RESPONSE TO EW-1 PUMPING AT 1.91 GPM (RECOVERY)

PROJECT INFORMATION

Company: Applied Remedial Tg,c. hnologies
Client: R.W.L. Investments, Inc.
Project: 170-1

Test Date: 04125106

WELL DATA

Aquifer Model: Confined

r = $A. tt2tday

SOLUTION

Solution Method:

S/S' = 1.041

Observation Wells
Well Name x (ft) Y (fr)
" MW-3 92 -30

Theis (Recovery)
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0.01
0.01 1000. 1.E+04

OB.3 RESPONSE TO EW-1 PUMPING AT 1.91 GPM (NEUMAN)

PROJECT INFORMATION

Company: Appl@dlerngd4lJeglls sieS
Client: R.W.L. Investments, Inc.
Proiect: 170-1

Observation Wells

SOLUTION
Aquifer Model: Unconfined Solution Method: Neuman
r =74.o3ft2tdal
sy = Q.04Q1Z

S = 0 .01179
R =0 .8
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qB.3 RESPONSE TO EW.1 PUMPING AT 1.91 GPM (THEIS)

PROJECT INFORMATION

Company: Applie,d Remedial Technologies
Client: R.W.L. Investments, Inc.
Project: 170-1
Location: 4919 Tidewater Ave.
Test Well: EW-1
Test Date: UnStOA

WELL DATA

Aquifer Model: Unconfined

f = g8.s2ft2tday
l{zlKr = Q.7283

SOLUTION

Solution Method: Theis

5

b
= 0.02554
=7. f t

)ino Wells
Well Name x (ft) Y (ft)
EW-1 0 0

Observation Wells
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OB-3 RESPONSE TO EW-1 PUMPING AT 1.91 GPM (RECOVERY)

PROJECT INFORMATION

Company: Applie! BeMqEL&gIlqlqS S
Client: R.W.L. Investments, lnc.
Project: lZ0--!
Location: 4919 Tidewater Ave., Oakland
Test Well: EW-1
Test Date: UTWOA

WELL DATA

)inq Wells
Well Name X Y (ft)
EW-1 0 0

SOLUTION
Aquifer Model: Coffingq Solution Method: Theis (Recovery)

T =8g.45ft2lday S/S'= 1.01

Observation Wells
Well  Name x (fr) Y (ft)
. oB-3 -6.15
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OB-4 RESPONSE TO EW-1 PUMPING AT 1.9,I GPM (NEUMAN)

PROJECT INFORMATION

Company: Applied Remedial _TBp!@!9S!eC
Client: R.W.L. Investments, lnc.
Project: 170-1
Location: 4919 Tidewater Ave., Oakland
Test Well: EW-1
Test Date: 04125106

WELL DATA

SOLUTION

Aquifer Model: Unconfined

T = 84.08 ft2lday
sy = 0.01888

Solution Method: Neuman

S = 0.006066
B =0 .2

Pu Wells
x (fi) Y (ft)

EW-1 n 0

Observation Wells
Well Name x (ft) Y (ft)

" oB-4 3 -16.4
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OB-4 RESPONSE TO EW.1 PUMPING AT 1.91 GPM fiHEIS)

PROJECT INFORMATION

Company: Applied Remedial Technologies
Client: R.W.L. Investments, Inc.
Proiect: 170-1
Location: 4919 Tidewater Ave., Oaklald
Test Well: EW-1
Test Date: UIZSIOA

WELL DATA

SOLUTION

Aquifer Model: Unconfinqd
r = 116.3ftztday
KzlKr = O.1

Solution Method:

S = 0.01235
b  =7 . f t

Observation Wells
Well Name x (ft) Y (fi)
. oB4 J -16.4



=

3s
E
f
'6
q)
t

t . o

1.2

0.8

0.4

1000. 1.E+04

Time, Ut'

1.E+05 1 .E+06

OB-4 RESPONSE TO EW-1PUMPING AT 1.91 GPM fiHEIS RECOVERY)

PROJECT INFORMATION

Company: Applledlerned4Lleellq! s
Client: R.W.L. lnvestments, Inc.
Proiect: 170-1
Location: 4919 Tidewater Ave. Oakland
Test Well: EW-1
Test Date: O4l25tO6

WELL DATA

SOLUTION
Aquifer Model: Confinqd Solution Method:

S /S '  =  1 .015

Observation Wells
Well Name x (ft) Y (ft)
. oB4 -16.4

r = s434 Ptday
Tr,relq (lggqvery)
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08.6 RESPONSE TO EW-1 PUMPING AT 1.91 GPM (NEUMAN)

PROJECT INFORMATION

Company: Applied Remedial Technologies
Client: R.W.L. Investments, Inc.
Proiect: 170-1
Location:
Test Well: EW-1
Test Date: 04125106

WELL DATA

SOLUTION

Aouifer Model: Unconfined Solution Method: Neuman

T = 68.92 ft2lday
Sy = 0.006386

S = 0.001 169
B = tS

Observation Wells
Well Name x (ft) Y (ft)
. 08-6 -5 -18 .1
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08-6 RESPONSE TO EW-1 PUMPING AT 1,91 GPM (THEIS)

PROJECT INFORMATION

Company: Applied Rem,qd1qLTee!4qlggtes
Client: R.W.L. Investments, Inc.
Proiect: 170-1
Location: 4919 Tidewater Ave. Oakland
Test Well: EW-1
Test Date: O4t25lO6

WELL DATA

SOLUTION
Aquifer Model: Unconfined

T = l}g.ft2tday
I{zJKr = 0.1

Solution Method:

S = 0.003559
D = /. tt

Observation Wells
Well Name x (ft)
. 08-6 -5 -18 .1
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08.6 RESPONSE TO EW.1 PUMPING AT 1,9.I GPM (RECOVERY)

PROJECT INFORMATION

Company: Applied Remedial Technologies
Client: R.W.L. Investments, lnc.
Project: 170-1
Location: 4919 Tidewater Ave., Oakland
Test Well: EW-1
Test Date: 04i25/o. 

*ELL DATA

Pumoino Wells Observation Wells
wett Nime l X lft) Y /ft) Well Name X (ft)
prnr-r. . . . . . . . . . . . . . . . . . . . . . . . ._ r. . . . . . . . ' -  -- . .  ,  0  L  0  =QB-6 I  -5

so,LUTloN
Aquifer Model: Confined Solution Method: Theis (Recovery)

)inq Wells
Well Name x {ft) Y (ft)
EW.1

T = 89.3 ft2iday S/S' = 1.01

Well  Name x (ft) Y (ft)

" 08-6 -5 -18 .1




