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GROUNDWATER PUMPING TEST RESULTS
ENEA PLAZA
DUBLIN, CALIFORNIA
February 11, 1994

1.0 INTRODUCTION

This report summarizes the results of the groundwater pumping tests conducted to
characterize the hydraulic parameters of the aquifer beneath the Enea Plaza in Dublin,
California. Discussions of purpose, scope of work, and findings are presented below.

1.1 Purpose

To design an extraction system that will effectively capture the dissolved chemical constituents
present in groundwater beneath the site, the physical properties of the water-bearing zone or
aquifer beneath the site must be characterized. Groundwater pumping tests were conducted
to determine the optimum pumping or discharge rate, and transmissivity, hydraulic
conductivity, and storativity of the aquifer. These parameters, along with the hydraulic
gradient, can be used to design an effective remediation system for the site.

1.2 Scope of Work

Prior to conducting the groundwater pumping tests, one extraction well (EW-1) and one
piezometer (PZ-1) were installed near existing monitoring well MW-1 (see Figure 1).- Well EW-1
was developed and used as the extraction well during the groundwater pumping tests.
Monitoring wells MW-1 through MW-4 and piezometer PZ-1 were used as observation wells for
obtaining water level data during the pumping tests. Per the specifications of Keiley, Enea &
Piunti, a step-discharge test and an 8-hour constant-discharge test were conducted on
February 7 and 8, 1994, respectively. The following sections include discussions of extraction
well and piezometer installation, and the groundwater pumping test results.

CYPRESS

124-1.1 Page 1




2.0 EXTRACTION WELL AND PIEZOMETER INSTALLATION

As stated above, one extraction well (EW-1) and one piezometer (PZ-1) were installed near
existing monitoring well MW-1 (see Figure 1). The extraction well and piezometer were
instailed in essentially the same stratigraphic zone as monitoring wells MW-1 through MW4.
Because well MW-1 contained only 6.5 feet of water, a deeper well was needed to provide an
adequate water column for performing the pumping tests. Well EW-1 and piezometer PZ-1
were installed up to 6.5 fest deeper than well MW-1. Table 1 summarizes the well construction
details for the site monitoring wells, extraction well, and piezometer. The methods of extraction
well and piezometer installation are discussed below.

2.1 Extraction Well and Piezometer Instailation

Well EW-1 and piezometer PZ-1 were drilled and installed by HEW Drilling (HEW) of Palo Alto,
California on February 4, 1994. The drilling and well/piezometer installation were supervised
by Cypress Environmental’'s State-registered geologist. Installation of the well and piezometer
was permitted by the Alameda County Zone 7 Water Agency.

The borehole for well EW-1 was continuously cored from depths of 1 foot to 22 feet (the total
depth of the borehole). Upon completion, the borehole was reamed using 10-inch-diameter
hollow-stem augers to facilitate installation of the 4-inch-diameter well casing. The borehole
for piezometer PZ-1 was drilled using 8-inch-diameter hollow-stem augers. Because of its
close proximity to well EW-1, piezometer PZ-1 was not continuously cored. [nstead; soil
samples for lithologic logging were collected at depths of 11 1o 12.5 feet and 18 to 19.5 feet
using a modified California split-spoon sampler. The soil core and drive samples were logged
by Cypress Environmental's State-reglstered geologist according to the Unified Soﬂ .

- Classification System

Each borehole was converted to a well or piezometer by installing Schedule 40 PVC casing.
The casing diameters for well EW-1 and piezometer PZ-1 are 4 inches and 1 inch, respectively.
Well screens {0.020-inch) were piaced from the bottom of each hole to 10 feet below grade.
The annular space around each casing was packed with No. 3 Lonestar sand from the hottom
of the borehole to 1.5 feet above the well screens. Each well/piezometer was then sealed with
2 feet of hydrated bentonite pellets above the sand pack and cement grout above the
bentonite to the ground surface. The well heads were secured with water-tight caps enclosed
in traffic-rated surface vaults. Well EW-1 was locked with a Master lock; locking caps are not
available for 1-inch-diameter wells/piezometers. Lithologic logs and construction details for
well EW-1 and piezometer PZ-1 are provided in Appendix A.

All drill cuttings were contained in 55-gallon drums which were properly labeled and stored on
site for future disposal.
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2.2 Extraction Well Development

Well EW-1 was developed on February 6, 1994 to remove fines from the well and improve
hydraulic communication with the aquifer. The well was developed using a 4-inch-diameter,
vented surge block, a 2-inch-diameter PVC bailer, and a 1.7-inch-diameter, PVC, positive-
displacement hand pump. Approximately 105 gallons (12.5 casing volumes) of groundwater
were removed from the well over a 3.5-hour period. Temperature, electrical conductivity, and
pH were monitored during development. In addition, total settleable solids were measured
using Emhoff cones. Development was performed until the amount of sand and siit being
produced had significantly decreased to 0.2 and 15 milliliters per liter, respectively. The well
development data sheet is included in Appendix B.

The well development water was contained in 55-gallon drums which were subsequently
pumped into a 5,000-gallon tanker truck along with the pumping test discharge. Integrated
Wastestream Management, Inc. (IWM) will dispose of these materials at a permitted waste
facility in February 1994.

2.3 Results of Subsurface investigation

The soil types encountered in the borings for well EW-1 and piezometer PZ-1 are described
on the lithologic logs provided in Appendix A. These logs indicate that the pumping test area .
is underiain by interbedded clays, silts, and clayey sands. Groundwater was first encountered
in the recent borings at depths of 11 to 11.5 feet below the ground surface. The water-bearing
zone is composed of clayey sands, silts, and clays with abundant open rootholes.
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3.0 GROUNDWATER PUMPING TESTS

Groundwater pumping tests were performed by Cypress Environmental and Einarson
Geoscience, Inc. on February 7 and 8, 1994. A step-discharge test was conducted to
determine the optimum pumping or discharge rate, and an 8-hour constant-discharge test was
conducted to estimate hydraulic parameters such as transmissivity, hydraulic conductivity, and
storativity. The following sections include the methods used, data analysis, and a discussion
of the resuits.

3.1 Pumping and Data Acquisition Equipment

A 3.75-inch-diameter, 1-horsepower, stainiess-steel, submersible Grundfos pump was used to
conduct the step-discharge and constant-discharge pumping tests. The pump was suspended
in the well using 1-inch-diameter PVC pipe. The discharge rate of the pump was controlled
by a valve on the pump outflow line. The outflow discharge rate was measured using a 0 to
10 gailon-per-minute (gpm) range rotameter and a totalizing meter. During each of the
pumping tests, the flow rate was verified periodically by timing the groundwater flow through
the flow totalizing meter. The discharge was collected in a 5,000-gallon tanker truck owned
by IWM. IWM will dispose of the groundwater at a permitted facility in February 1994,

At regular intervals during the pumping tests, an eiectric well sounder was used to measure
water levels in wells EW-1, MW-1 through MW-4, and PZ-1. Water levels in wells EW-1, MW-1,
and PZ-1 were also measured using pressure transducers and a programmable
Instrumentation Northwest Terra 8 datalogger. The pressure transducers, with full-scale ranges
from 0O to. 10 pounds per square inch (psi) or 0 to 20 psi, were used to measure water level
changes in these wells. The datalogger was used to record and store the time-drawdown
measurements from each pressure transducer.. A Toshiba T1000 laptop computer was used-.
to interface with the datalogger during the tests. All datalcgs (entries) were printed in the fieid

as a hard copy backup using a portable printer. o . »

3.2 Step-Discharge Test

" A step-discharge test was conducted in well EW-1 on February 7, 1994. The purpose of the

step-discharge test was to estimate the maximum pumping rate that could be sustained during
the subsequent constant-discharge pumping test. During the step-discharge test, well EW-1
was pumped at three pumping rates, or steps. The drawdown in the pumping well was
monitored during each step using a pressure transducer and datalogger. The first step was
conducted at a pumping rate of 2 gpm. This rate was maintained for approximately 53
minutes and resulted in 0.42 feet of drawdown. The flow rate was then increased to
approximately 5 gpm for the second step. This second pumping rate was maintained for
approximately 55 minutes and resulted in an additional drawdown of 3.39 feet. The pumping
was terminated after the second step and the water level in well EW-1 was permitted 10
recover. The third step, which was initiated after the water level had fully recovered, was
conducted for approximately 53 minutes at a flow rate of approximately 7 gpm. The total
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drawdown at the end of the third step was 7.21 feet. Figures 2 and 3 illustrate the time-
drawdown data for the three steps.

Rased on the results of the step-discharge tests in welt EW-1, an optimal pumping rate of
approximately 5 gpm was selected for use in the constant-discharge test.’ It was thought that
this pumping rate could be sustained over the 8-hour constant-discharge test without
significantly drawing down the water level in the pumping well, while at the same time
producing measurable water level changes in the nearby observation wells. In addition, use
of a 5§ gpm pumping rate minimized the draw of contaminated groundwater onto the site.

3.3 Constant-Discharge Test

Constant-discharge pumping tests are performed to investigate the hydraulic characteristics.
of aquifers. Hydraulic characteristics are determined by pumping a well at a constant rate and
measuring the drawdown in the pumping well and in nearby observation wells. Information
regarding hydraulic characteristics such as transmissivity, hydraulic conductivity, storativity,
and boundary conditions may be determined. Boundary conditions include recharge
boundaries and impermeable boundaries (Kruseman and de Ridder, 1990).

A constant- discharge test was performed on February 8, 1994 at the selected pumping rate
of 5 gpm. Groundwater levels in wells EW-1, MW-1 through MW-4, and PZ-1 were monitored
throughout the test. Pumping was conducted for 505 minutes (8 hours, 24 minutes), at which
time the test was terminated. The cumulative drawdown in the pumping well and each of the
observation wells s summarized in Table 2. Plots of the time-drawdown data for wells EW-1,
MW-1, and PZ-1 are presented in Figures 4 through 9. These graphs were used to calcuiate
hydrauhc coefficients, as discussed in.the following section.

The water levels in wel!s EW-1, MW-1, and PZ-1 were monitored after pumping was terminated.
After approximately 17 manutes the water level in well EW-1 recovered to 95 percent of its pre-
pumping level. Over the same time period, water levels in wells MW-1 and PZ-1 recovered to
60 percent and 57 percent of their pre-pumping levels, respectively.

3.4 Data Analysis and Results -

3.4.1 Depth to Groundwater Méaéurements

The depths to groundwater were measured in wells EW1 MW-1 through MW-4, and PZ-1 on
February 8, 1994, prior to beginning the constant-discharge test. These pre-pumping data,

which are presented in Table 3, can be converted to groundwater elevations if top-of-casing
elevations are available. By using groundwater elevation data, the hydraulic gradient beneath

! The results of the step-discharge test indicated a flow rate of 7 gpm would deplete
the available water column (8 feet) in the pumping well before the 8-hour constant-
discharge test was completed (see Figure 3). '
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the site can be calculated. In tumn, the gradient and the estimated transmissivity (discussed
below) can be used to approximate the zone of capture for groundwater extraction wells at this
site.

3.4.2 Constant-Discharge Test Resuits

Time-drawdown measurements made during the constant-discharge test provide a means of
calculating aquifer coefficients such as transmissivity and storativity. Transmissivity (T) is a
measurement of the ability of an aquifer to transmit water to a well. Transmissivity divided by
the thickness of the aquifer yields hydraulic conductivity (K). Hydraulic conductivity is an
important parameter needed to (1) design groundwater pumping systems, (2) model the
movement of groundwater, and (3) model the fate and transport of chemical compounds
contained in groundwater. Transmissivity (and consequently hydraulic conductivity) can be
calculated from time-drawdown measurements made in either the pumping well or in
observation wells. Storativity (S) is a dimensionless number that represents the volume of
water released from storage in a unit thickness of the aquifer per unit decline in the water level
in the well. Values of storativity range from 0.0005 in confined aquifers to 0.2 in unconfined
aquifers (Driscoll, 1986). Storativity can be caiculated only from time-drawdown or recovery
measurements made in observation wells. —
In addition to providing a means of determining aquifer coefficients, pumping tests also provide
valuable information regarding the physical boundaries of the aquifer. For example, as
pumping continues, the cone of depression in the well becomes wider. If the cone of
depression encounters an impermeable boundary (e.g., a fault, bedrock wall, or pinched-out
sand channel), the cone of depression must increase vertically in order to provide a constant
flow of water to the well. Thus, an impermeable boundary (also referred to as a negative
boundary) can be identified during a pumping test by a sudden increase in the drawdown.
Conversely, recharge boundaries (e.g., streams or farger, more permeable sand channels) can
be recognized by decreases in the drawdown rate in the pumping well. Time-drawdown data
obtained after a hydraulic boundary is encountered cannot be used to calculate aquifer
coefficients (Driscoll, 19886). ' ‘

The most widely used methods of calculating aquifer coefficients are graphical straight-line or
curve-matching projections of time-drawdown data. These methods are based on analytical
solutions to complex three-dimensional differential equations governing flow in porous media.
In order to solve the flow equations anaiytically, several simplifying assumptions are made
regarding the aquifer boundaries and homogeneity. A complete discussion of these
assumptions is presented in Driscoll (1986) and Kruseman and de Ridder (1989). In reality,
very few aquifers fulfill all of the assumptions of the anaiytical solutions. This is true of
materials like those underlying the Enea Plaza which are heterogeneous, anisotropic, and
possibly of limited lateral extent. Therefore, the limitations of the analytical solutions should
be kept in mind, and the aquifer coefficients calculated in the following sections should be
considered estimates. : :
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Casing Storage Effects

Casing storage effects are observed early in pumping tests as the water stored within the
casing is removed. As the water level in the casing declines, water begins to enter the well
from the surrounding formation. With time, more and more of the well’s yield comes from the
surrounding formation (Driscoll, 1986). Casing storage is important because, with most
analytical solutions, drawdown data can only be analyzed after the hydraulic effects of casing
storage are negligible. To determine when the effects of casing storage are negligible, an
equation developed by D. C. Schafer (Driscoll, 1986) may be used. The equation is as
follows.

(Equation 1) t, = 06(d’-d?

Q/s

where:

time when casing storage effect becomes negligible {minutes)
inside diameter of well casing (inches [in])

outside diameter of pump column pipe (in)

specific capacity in gpm per foot (gpm/ft) of drawdown at
time t,

Do adt
nmuwuwi

ek - N

To use Equation 1, an initial drawdown is selected and a t, calculated. Then the drawdown
is noted at that time and the actual drawdown value is substituted into the equation. This
process is repeated until the actual and calculated time values coincide. Casing storage
effects were calculated using this equation except that an effective radius, which includes the |

~ fluid stored in the wellbore sandpack, was used instead of d_, the inside diameter of the well

casing. Using an effective radius provides a more accurate estlmatlon oft,, espec;ally in fine-
grained formations.

Following the above equation, casing storage for well EW-1 during the constant-disch\érge test

-was calculated to be negligible after approximately 5 minutes. Time-drawdown data after 5

minutes were therefore used to calculate values of transmissivity and storativity using
conventionai analytical solutions. :

Impermeable/Recharge Boundary

No obvious impermeabie {negative) or recharge (positive) boundaries were encountered during
the 8-hour constant-discharge test at this site. However, it is possible that a boundary effect
could be encountered if pumping were continued for a longer time.

Selection of Analytical Method

Three methods were used to analyze the time-drawdown data: the Cooper-Jacob straight-line
method, the Theis curve-matching method, and a distance-drawdown plot. The Cooper-Jacob
and Theis methods are typically used for confined aquifer conditions. Although the aquifer
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beneath the site is unconfined to semi-confined, these methods were deemed appropriate for
use in this case. In fine-grained formations, such as those encountered at this site, gravity
drainage of the dewatered aquifer may take weeks or even months. Therefore, the initial
drawdown measured during the first few days of pumping responds as in a confined aquifer
{Kruseman and de Ridder, 1989). Because of the short duration of this pumping test and the
fine-grained materials underlying the site, the Cooper-Jacob and Theis methods were used to
analyze the portion of the EW-1, MW-1, and PZ-1 time-drawdown data after casing storage
effects became negligible (i.e, after 5 minutes). In addition, a distance-drawdown plot was
constructed using data from all the observation wells at the site that were influenced during
the 8-hour pumping test (i.e., MW-1, MW-3, MW-4, and PZ-1). The water level in well MW-2
did not change during the course of the 8-hour pumping test.

A computer program, AQTESOLV™ (Duffield and Rumbaugh, 1991), was used to piot and
analyze the time-drawdown data. By using the program, a straight line was fitted to the semi-
log data (drawdown vs. log time; Cooper-Jacob method), or a curve was matched to the log-
log data (log drawdown vs. log time; Theis method). AQTESOLV™ then automatically
calculated the aquifer coefficients based on the fitted line or curve match. The aquifer
coefficients calculated using these methods are presented in Table 4. A detailed discussion
of the anaiyses including equations used to manually caiculate the aquifer coefficients, is

© presented in the following sections.

Coger—dacob Straight-Line Method

Time-drawdown data from wells EW-1, MW-1, and PZ-1 were used to calculate the
transmissivity of the materials underlying the site using the modified nonequilibrium Cooper-
Jacob straight-line method (Cooper and Jacob, 1946). Hydraulic conductivity values were -
calculated by dividing the transmissivity vaiues. by the thickness of the saturated formation
(estimated to be 13 feet based on lithologic logs®). The equation for calculating transmisswﬁy
(T) using the Cooper-Jacob method is shown in Equation 2. '

(Equation 2) T = 264Q
As
 where:
T = 'transmissi{/ity {(gallons per day per foot [gpd/ft])
Q = pumping rate {gpm)
As = slope of the time-drawdown graph expressed as the change

in drawdown between any two times on the log scale whose
ratio is 10 (i.e., one log cycle) (Driscoll, 1986}

e

? The saturated formation interval is considered to include the clayey sand, silt, and
clay with rootholes between depths of about 9 and 22 feet. i
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The equation for calculating storativity (S) according to the Cooper-Jacob modified
nonequilibrium methed is as follows:

(Equation 3) S = 03Tt
I,2
where:

storativity, dimensionless

transmissivity (gpd/ft)

intercept of the straight line at zero drawdown, in days
distance, in feet, from the pumped well to the observation
well where the drawdown measurements were made

I e I ¢
o n

The Cooper-Jacob method is valid only when the u value of the Theis equation is less than
0.05 (Driscoll, 1986). u is defined as:

(Equation 4) u = 187r8
T
where:

radial distance between the center of pumped well and the
point where drawdown is measured (ft)

storativity

transmissivity (gpd/ft)

time (days [d]) after which the analytical method (Equations
2 and 3) is valid

..‘
Il

T -0
i

The Cooper-Jacob analyses of time-drawdown data from wells EW-1, MW-1, and PZ-1 are
presented in Figures 4, 6, and 8, respectively. A best-fit straight line was drawn along
drawdown data collected after the effects of casing storage were negligible. The resuiting
‘calculated transmissivity values range from 5.3 x 10° to 1.6 x 10° gpd/ft (5 to 15 feet squared
per minute [f?/min]. Hydraulic conductivity was calculated by dividing the transmissivity by
the saturated thickness of 13 fest. The resuiting hydraulic conductivity values range from 1.92
x 10" to 5.82 x 10" centimeters per second (cm/sec). \

To check the assumptions of the Cooper-Jacob method, vaiues of u were calculated for wells
EW-1, MW-1, and PZ-1. Using the average of the storativity values calculated from time-
drawdown data (0.025), u is less than 0.05. Therefore, the Cooper-Jacob straight-line method
can be applied.

Theig Curve-Matching Method

Time-drawdown data from wells EW-1, MW-1, and PZ-1 were also analyzed using the Theis
nonequilibrium equation (Theis, 1935). The equation used to calculate transmissivity is
presented below in Equation 5.
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(Equation 5) T = 114.6QW(u)
s
where:
T = transmissivity (gpd/ft)
Q = pumping rate (gpm)
W) = Well function of u, representing an exponential integrai
s = drawdown, in feet, at any point in the vicinity of the well

discharging at a constant rate (Driscoll, 1986)

The function u, which is solved to determine values of storativity (S), is defined above in
Equation 4.

Using the manual curve-matching features of AQTESOLV™, the Theis type curve was
superimposed on time-drawdown data from wells EW-1, MW-1, and PZ-1. The resuiting
transmissivity values range from 4.2 x 10* to 1.6 x 10° gpd/ft (4 to 15 f*/min) and hydraulic
conductivity values range from 1.52 x 10" to 5.92 x 10" cm/sec. The calculated value of
storativity from observation well MW-1 and piezometer PZ-1 is 0.08 and 0.02, respectively. The
Theis analyses of time-drawdown data from wells EW-1, MW-1, and PZ-1 are presented in
Figures 5, 7, and 9, respectively,

Distance-Drawdown Analysis

Using data from three observation wells MW-1, MW-3, MW-4, and PZ-1, a graph of drawdown
versus distance from the pumping well EW-1 was constructed (see Figure 10). The drawdown
data for wells MW-1 and PZ-1 are from approximately 428 minutes after the onset of pumping..
Because the depths to water in the more distant wells MW-3 and MW-4 were measured by
hand and not recorded automatically, the time selected from these two welis is approx1mately
15 minutes later (at time equals 443 minutes). A distance-drawdown plot is'a Useful tool in

. estimating the drawdown at any point from the pumping well at a given time. By extrapolating -

the slope of the straight fine to the "zero® intercept, one may estimate where the area of

influence (i.e., the cone of depression) is negligible.

Transmissivity is calculated from distance-drawdown of plots using the following equation:

(Equaton8) @ T = 528 Q
As
where: :
T = coefficient of transmissivity (gpd/ft)
Q = pumping rate (gpm)
As = siope of the distance-drawdown graph expressed as the
change in drawdown, in feet, between any two values of
distance on the log scale whose ratio is 10.
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Using Equation 6, and a As of 0.14 feet taken from the graph presented in Figure 10, a
transmissivity value of 1.9 x 10* gpd/ft (1.75 ff/min) was caiculated. The corresponding
hydraulic conductivity is 6.8 x 102 cmy/sec.

3.5 Discussion

The hydraulic coefficients calculated from the constant-discharge test using the Cooper-Jacob
and Theis methods are summarized in Table 4. Transmissivity values calculated from data
collected on February 8 range from 4.2 x 10* to 1.6 x 10° gpd/ft (4 to 15 f/min). There is
close agreement between the caiculated hydraulic coefficients of the pumping well and the

Observation well and piezometer. In general, data collected from observation wells are

considered to be more reliable than data collected from a pumping well. This is because
observation wells are less affected by casing storage, skin effects, and diminished well
efficiency, than pumping wells. The transmnsswlty calculated using the distance-drawdown plot
is 1.9 x 10* gpd/ft (1.75 f/min); this value is an order of magnitude greater than the
transmissivities calculated using the Cooper-Jacob and Theis methods.

The calculated permeabilities of the geologic materials at this site are higher than expected for
the types of materials logged in the boreholes. The hydraulic conductlv:ty values calculated
by the Cooper-Jacob and Theis methods range from 1.52 x 107 t0 5.92 x 10" cmy/sec, The

“hydraulic conductivity calculated using the distance-drawdown data is 6.8 x 10? cmy/sec.

These values are more typical of clean sands than of the clayey sands, silts, and clays that
characterize the stratigraphy at the site. It is likely that much of the soil permeability at this site ,

: issecondary and is derived from the abundant open rootholes that penetrate the soils.

Storativity values calculated from the MW-1 and PZ-1 data are 0.03 and 0 02, respectively.
These values are lower than typical of an unconfined aquifer, where storativity is typically in
the range of 0.1 to 0.2, and are more representative of a semi-confined aquifer. However, as
discussed above, the drawdown data during these tests may represent conditions prior to
gravity drainage of the aquifer. The source of the water pumped from the well may therefore
be the same as water pumped from a confined aquifer, namely water released from expansion
of the water and compression of the aquifer (Todd, 1980).

No obvious impermeable (negative) or recharge (positive) boundaries were encountered d uring
the 8-hour constant-discharge test at this site. However, it is possible that a boundary effect
could be encountered if pumplng were continued for a longer time.

Finally, it should be emphasized again that the water-bearing zone beneath the site is
significantly different than the ideal aquifers upon which the analytical solutions of groundwater
flow were conceived. The fine-grained sediments underlying the site are heterogeneous,
anisotropic, and of limited lateral extent, The limitations of the analytical solutions shouid be
kept in mind, and the aquifer coefficients presented in this report should be considered
estimates rather than precise numbers.
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Table 1

Welt Construction Details

‘
Well Borehole Casing Screened Filter

Bentonite

Cement

Date from - Depth Diameter | Diameter Interval Pack Interval Seal
EW-1 (feet) (inches) (inches) (feet) Interval (feet) Interval
' {feet) (feet) (feet)
MW-1 | 1/29/93 65 | 155 | 10 10-15 | 8-16 | 65-8 | 0-65
mw2| 1208 | 355 | 13 10 7-125 | 5-13 | 8-5 0-3
MW3 | /2003 | 124 16 10 10-15 | 70-16 | 59-79 | 0-59 |
MW-4 NA 121 NA " NA NA NA NA NA NA
EW-1| 2/4/94 0 22 10 4 10-22 | 85-22 | 65-85 | 0-65
PZ-1 | 2/4/94 10 20 8 10-20 | 85-.20 | 65-85 | 0-65 |

Notes: NA = Not available
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Tabie 2
Cumulative Drawdown Data
from 8-Hour Constant-Discharge Test

Well Distance from EW-1 Cumuiative Drawdown
at End of Test

EW-1 0 feet 1.40 feet

MW-1 6.5 feet 0.28 feet

PZ-1 10 feet 0.25 feet

MwW-4 121 feet 0.10 feet
MW-=3 124 feet 0.07 feet

MW.-2 355 feet 0 feet




[
. . X

Table 3
Depth to Groundwater Measurements

—— ]
Well Date Depth to Water

(feet)

MW-1 2/6/94 9.02
2/8/94 8.72

MW-2 2/7/94 8.63
2/8/94 8.50

MW-3 2/6/94 9.85

2/8/94 9.61 .

MW-4 2/8/94 8.82
EW-1 2/6/94 .. 922
| 2/8/94 8.92

PZ-1 2/6/94 - 9.53
2/8/94 9.25

Note: Depths to groundwater measured from top of casing



‘ Table 4
Constant-Discharge Test Summary
Well Method of |- Transmissivity | Transmissivity Saturated Hydraulic Storativity
Analysis (T, gpd/ft) (T, f/min) Thickness Conductivity (S)
(b, feet) (K, cm/sec)
EW-1 Cooper- 5.3 x 10° 5 13 1.92 x 10"
Jacob
“Theis 4.2'x 10° 4 13 152 x 10" -
MW-1 -Cooper- 1.6 x 10° | 15 13 5.82 x 10" 0.03
Jacob - .
Theis - 1.6x10° . 15 : 13 592 x 10" 0.03
PZ1 | Cooper- 1.5 x10° - 14 13 5.36 x 10" 0.02
s Jacaob - :
Theis 15x10° 14 13 5.36 x 10" 0.02

Notes: Transmissivity (T) is in gallons per day per foot or feet squared per minute; values are rounded to the nearest
whole number
Hydraulic conductivity (K) is in centimeters per second

Storativity (S). is unitless
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Figure 2 Step Tests 1 and 2



STEP TEST 3 (7GPM)

0.00

1.00

2.00 "

3.00 u

4.00 . i}

5.00 " =

WATER LEVEL CHANGE {FEET)

6.00 ITI'.

7.00 L]

8.00
0.10 1.00 10.00 100.00
TIME (MINUTES)

Figure 3 Step Test 3



WELL EW-1 DRAWDOWN

..'...
Wt

T 1 111 T
[N A R R

Pl R Poboi ik

T = 4.916 ft2/nin i

i

o
I
‘u

[prns

T s od o s

i gl E ] {1
AR RN

E SFZF .
......

Figure 4 EW-1: Drawdown vs. Log Time (Cooper-Jacob)



ELL EW-1 DRAWDOWN

N S A R IR R H HHEREEE i HEN R RIS
- 1 i i ]
— T = 3.878 ftZ/nin .
= T —
=
=
L
=
= 3
S .
-
T T i
z —— o
B -
= o~
P - o
& PR
= i
£ RN ERTTE I O SRR T RETHI IR R NN ET
gF: 4

—y
Bt
i
i
|
s
-
[mnetn.
i
'-nnu-
TLLITY
s
P
o

— S — T WS
— w
T32 e —
EPEFEL 2 R

Figure 5 EW-1: Log Drawdown vs. Log Time (Theis)



4

OBRSERVATION WELL MW¥-1 — DRAWDOWN

i A R e A N A A B S S T A A R R R NS
T = 14.9 £t@/nin B
E = 0.92719
L
& - ~
7
=
I:;r: — —
o8]
=
& B Jy— A
_aa':"w"..n-
ERTE=EH
o 7 R ELEE i R P REREL IR
‘-;:3 - - s e - —- — -

T iy :
F1lEaia v 231533 F

Figure 6 MW-1: Drawdown vs. Log Time (Cooper-Jacob)



b

OBSERVATION WELL M¥-1 - DRAWDOWN

¢ AR ER T R R R R R

15.16 £t2/min =
8 .82537 -

Pl
1 -2
"o

£

1[:'

T e 1 e we

H H 1
il & P | - H .
SR R TR S I N 11 Pl oErrei N O W RS
A 4 - ” - .
3 H Fifl
i L i ERL 14 RIS

s
187 —— =

H Tg i i=

H 25 H

i % £ 23

Figure 7  MW-1: Log Drawdown vs. Log Time (Theis)



s
2

OBSERVATION WELL PZ-1 - DRAWDOWN

EERE

i I ,l HENEER R
T = 13.73 fi2/nin
A.01977

s

’
1
'-.

(L

Tl w1 e g,

oy

=
!
"

Figure 8 PZ-1: Drawdown vs. Log Time (Cooper-Jacob)



OBRSERYVATION WELL PZ-1 - DRAWDOWN

2
H ER) 0 T T
A e oy et R R ER1E R R
i H H i —
T = 13.73 £t2/nin |
S = 0.81712
.'-::_hq'.
o
o
=
-
I=-
=
& - —
i R L
For
=
=
L
i = —
=i
-"‘
-
(3 FIEETn
-‘J-
R
z_i_i_g;:ein
: i |
11 bbb ieia IR E LI P oppdity P v iigs
Timis imin

Figure 9 PZ-1: Log Drawdown vs. Log Time (Theis)



0 /
0.05
= Well MW-3
Well MW-4
. 0a ]
)
o
& -
€ 015
2 0.15 4
-
2 /
&
o) 0.2 Pumping rate, Q@ = 5gpm
' Pumping Period = |428 jminltes
well MWAT,
0.25 - .
/ Piezometer PZ-1
s vd 1
1 10 100 1000

Distance from Well EW-1 (Feet)

Figure 10 Distance-Drawdown



[ PROJECT No DATE 2/4/94- BORING No.
LOG OF CLIENT Ewa& 'PPl;zi‘a- — EW-]
LocaTion Awsedor Flaze Rd. | "Jublin Sheet
| EXPLORATORY BORING | cocamonfesprPlaedt ey — Janen L
.eld locsation of horing: Drilling method Conﬁnuau: Core (3" dm.'m\
Weamed to 167 w/ HSA Hole dia. _ 10~

Casing Inst-lllﬂon data Sch 40 7\1&(4”&‘“) 0.020" scceens
foown 162227 blank o-107 MNo 3 me.rsm
8.5- 22",  bewlonite pf.lLLer 6.5-8.5" Cowt

rd

Ground Elev. Datum 0‘%-5’
& — a Water level
b4 . < el 3=
8. | SEL| =& > 2 (£]5] 858 Time
x>5 | 2065 | 3 0 ¥ a 2]l €1 GEY
cePlo=2| =87 -5 3 s|5] 25w Date
gs"e|TA | S| & [8]a]3es
P4 @ DESCRIPTION

<

Aephalk (47)

| %?-_?g Bosecock (7)) ravel o |7 a/ wiedivea Saund
v A CLAY (), blekle (Z.5Y M2)  trace- 0% Coarse
Sand - fine aravel rare arenel to B vam <titF
panist )

i'8"

@ 5" color chanae o very dack qray brovan
(2:5Y 3/2) Jsliaht witfling J T

>~ o A N

LR A R LR R R RS R LN LR L R A

LA LR R AN YA AN A AL

] CLAEN SAND -~ SAMDY CLAY (SC-€0)  alive brown
(2:5Y 4[3), 40-F0% clay, vicu Fne ~Lve sand
IR won'ltS w/ wibute ca.‘w.aic.b\e. leose ~ dzusL moist

e lncreclsinq clo-q w/ de ot

g B - 0 % (CL), dark agey brown (257 4/2), to-30%
‘ : yery Hwe ‘.'z_ru.c\. Sé'Ft d&\M'D

= a5 [ RN rodi ¢ s

L 1'?.0"' - L% LA MDD (SC breu.ll\ (2.5Y4 4—/2)
M= () B / 20-4o7 clad, tedk fine sawd " open rootholes ”

lOOSé. Mtt S*‘rou-ﬂ. ‘Dt‘h’oié.u Ua. eda(

S RN

g0 | BRT 15 Ly el

AT ( sa\) 6s above |oavily pwattled

5 | (betath. F LT o dewnse moist ‘h) Nt‘t Wt iw .U\SlS“"')
RE=HED) R ,

o ULAEY SPWD (0, dark dray bepwa (2.5 Y 4/2)

& i /5 - 30-46%, C,'\a--.' vty Fue sated | lopey rootlales  fese |
o b wel | ywodbeady 'Debeolaym oder

o /% L daxk_ar wn (2,

z 2 abundal wotfling , viry Clayey= fine San

B . e costboles, Zagit lneikl | vset ix metholes

wodecaty ’D&‘\Toi-&uwn. odor

7 A"
£4 1,1

et ofser-

e, DI Y [ T4
ol ER R A 2

.
Y
.
.
-

: /9 / vy A aw \Z 5‘( us\ vm 5+afF daw-a—-
wolisy )
T —— T4 6 ma_ 274", 20"9" -ty (27-47)
Y & 2 A wdvcpede o clavey Sauui very dade arsy brown
B : (2.5 3/2) 20-¥3% cloy | ved fineBadd
B i S 2’4" 22 pd Toose m:fc \modzrcd& cgcl.or

(preath. D= 22/




PROJECT No. DATE 2/4-/ g4 BORING No.
LOG OF cLiENT__Ewnea. Plazs YZ-
rocation Awader Pla2a Kd., Doblin Sheet |
‘ EXPLORHTORY BORlnG LOGGED BY @; DRILLER &E\h&‘/:r{ﬁ: of !
_ald location of boring: Dritling method __HSA
Hole dia. &

Casing instaliation data Sh. 4o ?\JC (- dmvﬁ o.azo”scmn{
Lo 10 20" blank o-io’ ' Ne. 3 Lonefr}'a-v Sapd

R5- 20 ben‘taw‘f:z D&[Ld's 6.5 -%, 6 . Cowg il
Ground Elev. Datum o - (g 5/
. % - § — . g,_‘_: Water level
- - —_— = by - Q m_
I I A IR
e s o » S el g | =" Date
&8s & 2 (3 8 o DQZ alon} 303
- K T a @ DESCRIPTION
- v — AﬁD\M.H: (&"\
v v | = Pasecocl (@"Y arevel o 17w mediom Sand
1l CLAY (CL\ Clagk (2.5Y A2Y trace - (0% cearse
v v 2 / coma —Fls Sm.\rtl ; V&Nl s’r-FF As.w\o
vi |+ 3 @ 3.5 coler chanae <o very dack cray brown
R A A (259 3/?,\ sy increase o silla/ldepth,
v v <ofter =Y, c‘\e.o‘ﬁn
MBE 5 \é
v v { ST (ML\ dack  olig browsn [2 S 3/5\
v ll (L'\CL\!L\% - +m.u ‘guu Sooed 50‘9.," \M.nas't.
3
3
B 3
Rl o ) CLAN (C L_\. ucrq\ dark q\fa.\.ul (2‘5 M?J\ mﬂ’i.ul
'\:: _..., i
I i w/ Aot E[ 1. 5
: ..._. : 3
= :
: I5
-3::__4::;: {é
= 7
iy ‘8 N (CL.\ \JLN darlc aray (2549 N3) wottled w/
S ] VL” weu Aerk “aray eovon @5‘7 3/2), Thia lenses o
3 I
i b et Y R aees @ N\C_CL - %i ] i a
i 25 d (b walse < ast, me’ﬁ w_0D2w rpcthnlee and |
e ‘50-%&-1 lewses. :
TOD=: 267




WELL DEVELOPMENT FORM

EINARSON GEQSCIENCE, INC.

Project No. ¥ PD [0} Date: 2{(,[44

Site Location: ¢ Pliza . Dybhn (A wel:  'Ef)I

Name: DMgomr1 <’ Depth/Diameter: 4"

Development Method: &7 / pumP-/ Deni | % Initial OTW:  9.22 BelonJT.0L
Total Water Removed: [(f&7 Final DTW: . 9.72¢4 Befow T.C.C .
Water Contained ? U/4 - £5-dat dnms- Hydac #: 7. E 41

important! Estimati’of specifie capacity or recharge to well:

W Mdpﬂ?l/ﬁ/‘ n;mﬁzox
I/-r“UV/DJJ m:lk—/haa.?/k#mz by

I o, s T TET i

S

9:2_) 4u‘v Ty v ri] /2’-‘ IZ/
348 00 95035 | 50515000 799.9.7 (o —;,MAK?T
Lo 105 ‘(3~@r/"5 — : 92(0 D\jwn W IVY*/?Q/VM»M"‘ZLMA
' ' ke o by 13 Bl
""{? mysdn MJMW I uwoW = g |
L

> o llons = (2.2 Gen vol$. whval s oty 5u/%mﬁ ,

F EOUPMENIT ¢
[\ 4" Nended s uvrit blog<
T on A noist B el
2,\1?‘ Wc'MaHd
TR nr‘/m-hw, Henlate -
nunt Do '
2/\ 21 PVL Doniles

MDE\D\FORMS\WELLDEVLXLS Page _| of |



% 27 - [Name:

-.'b

o
- ’ ;
. . N Te
iz . .
A . [N T
o o,

T
RPN

"|Project No.EP | Dot

m .

T e T - SRR — % R s > ;
Pro;ed_ W?PVPLA% piig i~ Datalegger channel 4&«-@5&;@%}31: e T

el

LU TSR 555 Transducer range & serial No. %2 Péf TRRLTIT G -:m?m X
23| 4 i aﬁ%ﬁ' 5% Datalogger conversion Fi9 TR R |
1Y Mﬂéﬁ’l/f‘?“ AT+ aT Datalogaer offsetz@]@.%.gll- (2[?) % w% (2[5) S

Weather: 1At (‘/!m d%’

Date(s): I AR

_.\_V..
S

S
CLU?CI(.HN
pak; z < —ﬁom) ete, ~
2/e. 112245 (4,92 | M [IK
Y 3ozl 1 DM
] | F 2501002 | DM -
1423110.25] | Flow vad ehvce B o aueu® 52 g | #
tsiptio2d] 1 Pow vadt Onsele 52 0qnidn © S
[SAH D24 - | ' ' . F
HOAE 1026 - T v P
l(a%ug IO.ZS ! . =2 '
[6US ‘= Plog! vzurc ma\ (zotepnis skvf-&EbPMB
n | &304 102> i
RN 19341 i0.4D ?low mJ« nl/wdc (3AC qfw—t/). 5%M-—*S
s et ] | 208 j0.U0 I I T LR
R T - e
"-,‘—.. ‘ - <1 1
x | ]
W S §i7
A7 g
i; -~ PR L
T % = % ’}.i
5 o o 4
L M
M\FORMS\WTRLVLXLS Page _’_ of ! o
. ~ EwWwW _.-»\ P



Project. ENEA - W@UBMA}MDatalogger channel CH:#B

z |Project No. EPDIOVER

[ S e )

257 Transducer range & serial No“ﬁz{t}pgm—, ot

mﬂ“ - AREEEE

L Date(s): ) J [0t ¥52/0] oL} #5555 Datalogger conversion 2572 /) Sussiass

e bR e

 [Name: T AR

S580( '"

»‘rp..;,
.“A

ERES «%&%moataiogapr offset ; %9%‘331‘6”@3:}-72[?)
Sounder#-\jj R e L e g Y T 2

= G LA

Weathel" (‘/ﬂ{ ;@(/mﬂ ()M

e IS
-x’-'fa-a B T

proges Bf 4 --r--\ *ﬁ.;
ﬁ_%aaie;g

3 Qﬁ%‘Q ﬂ}r’ -v:-ocw:;m-w 5

e

?&

217

'Ww\mmm '(Jeﬁaé"be’wwi

MW/L C'.920 —_
MW-2 [ Z/8 1109 [8F2] — [ v [Befove movnpird o 20044
1 . | ooz S iy
Er X
13K 145.91
(31 4.9%
1S | 4.54 -
\ \542 8.95
\ 1610 14 S0
l (261995 -
\ L 1132 1%.50
l | 11 Y9220 %.9F
e 1925 4,99
~- 108119.02-
- gL . §

M\FORMS\WTRLVLOLS




~

" WATER LEVEL DATA SHEET E

c'

AT

_rl\g‘i- --'-\—-,.,

Tt SO -1%"‘%—2:": =

ok oy
i s oy

= {Brojet No. TAA2) O S e

A kit i

F’mled- MPW@A WW Datarogge?'cmhnetmu }Aﬁg@wﬁmﬁgﬁ T
i Transducer range & seral No RV /AR s vg e &

Date(s): 7 /A4 O} £55

SRR e T SR Datalogger conversion W1 | A e IR

* [Name: D N b WA S0 reason oo s 4 Datalogaer offset 'Ry * /A’mw«ﬂmﬁm
Weather: CzO‘U{ (‘/IW C)U\ er\dM 452 Sounder # BRIy, 2~ I

£ "!-,nq_-qgu-' “-"’-p\

We%f&?
y :'%"'égy"'*-’

jeb; > )« ? e e
'f""ﬂ"-.. ¥ :d"‘ ek, gt "”s R.* TS

R

e e ,mzf .f";?xz‘w ?ﬂ{‘w'_fwoowcg%f

DM

%CM PYMEINA -

I

.

Tohuone vn WL

3¢
S JE- R
.51 DM Tt
=Y x —
Sl \
0
!

7

hecd

L‘%"Q@&S@)Q‘.@m(
i

7

15
=




.\-

&R".

:‘."*:. 2

el r.,..

. -=.!WATER LEVEL DATA SHEET, TEE
2 EINARSON GEOSCIENCE !N

c ‘-,42-'%;- 3

R TR 23 A
Dataiogger Cha““e‘ 7\}/ ATRES %‘i‘ﬁ% WW

o e

ane oy o - AT AR SR LR
R e SR

Transducer range & serial No."$N /A%

T Ty A,
:;nc_,.

mﬁ@‘ﬁ% ooe

o [Datee: 77| 01} 57

un

i TS

L e bt

Fawes Datalogger conversion A [ ATERERER

Name:: D MAz o 554 :“*‘*ﬁiﬁmﬁ Datalogger offset ’EN } A "ﬁ%h}'&f ;@% o W 5

s |Weather: conl, O/wam Wmdw'{’*‘« S

g 2 5.' Ry

SRS R R

»;f ﬁ--

..‘ Rt

++ Sounder #'\)IL R,

ﬁm‘i‘j‘kﬁ

s

3 ‘{,,%&* J:Z?;iw Y .,- oK

A .‘éﬁmww

IHZ»

2, "z‘/%

225

259

|AL2 ]

1514

S
N

| S4S

RZal

| 3

| 324

0,07 thdpos
{)

| 20

103

0.0 channy. .

27

TR ST

2102

Oloroloftollefoko

R

Max v &!%hg(-—z- 0.0+’

~ v
- . -
7 - b
:'f . —
l - -
i .
;l
V .
l 4 “
. v L it

s -, I - ",
% - - AT
. . TS
A . i - '
= - - - - - L .

~ ' ST 3

- B B ‘- d
-, . R
; M - i
, e,
5. - . e o
A -
’ : ' =
- z
= -

-‘ '-‘.‘

M\FORMS\WTRLVLXLS




e
X,
v.("\

@WATER LEVEL DATA SHEET '_

i Project EN%%MW Datalogger channel gl\f/ A\ G
o g Transducer range & serial NoXN f‘,d;"mwig@m

Project No. " EFDIO[

Dateer 20 ] 04 ol

% Datalogger conversion N/ / A %

S T

‘IName: -

Z m&w
vﬂiw-‘mvmﬂ—!v‘- s S i T

A

TR

e 2T

Y s ,,.;Mﬁ Datalogoer offset

MR

S [Weather: o&vf ,OMVW

0.04° DD
0,05 DD.
C.0LDD
0.0¥ DD
.0
AL VID)

M\FORMS\WTRLVI_AS



LY A LR YT
i 3y
AT

- - - - - - u

R s i S et

™

yrae .i ..I i Lar ke i i ann e
Coaa s . [

..l.ﬂ.
- v

@ri!"

iy

L.
ll‘> “ - *
. v

o

- EINARSON GEOSCIENCE, INC.

Pro;ect. ENTA P[,g;;;( pw ,\F CA Dataloggerchannei OHZ«MH&QN“: =
- [Project No. EPDID] 2.5 -«-=-*“3%§~:~:Transducer range & serial No.2[7)- P& 185

"WATER LEVEL DATA SHEET

....',.-_un.n,., L s
v T e L

% 1354,,..;- =2 R

REre vEw

TEE LAF

Date(s): 247 4 & ] 94k =¥ i Datalogger conversion ©4t L7 % m&mﬁ@,

Name: > M/ 6 o5

= y* Datalogaer oﬁset &@45—? FELIPLESS, f b) 4 l {W
— ;gj&»t#@’

'~_ -{Weather: logdﬂ ; M?_, S

Bttoe D.M\D\Q/@n "?/f?:

SIS e

2O

(ol ofolofialto

ks

L e
- o
.« d S
e .
- T P - b e P s
- - RS 5
- a

: )

- B

: Y
_ ¥

M\FORMS\WTRLVLXLS



