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SECTION 1

INTRODUCTION

1.1 Background
The Fernald Environmental Management Project (FEMP) is a United States Department of Energy (DOE)
facility which formerly produced uranium metal products. The FEMP is currently undergoing
remediation under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). Fernald Environmental Restoration Management Corporation (FERMCO) is conducting site
remediation as the Environmental Restoration Management Contractor. One area of concern for the
remediation process is a plume of uranium contamination in the groundwater south of the site. This
contamination is known as the south plume. The South Plume Removal Action (DOE 1990c) included
the recommendation for construction of a groundwater recovery system to provide a barrier to further
plume migration. Additionally, a groundwater model for the regional aquifer (Great Miami Aquifer)
underlying the FEMP has been developed to further understand the regional groundwater system.

A pumping test was performed at a location south of the FEMP from May 25, 1993, through June 5,
1993, as part of the design confirmation program for the South Plume Groundwater Recovery System -
Design, Monitoring, and Evaluation Program Plan. The detailed requirements of the pumping test are
described in the South Plume Groundwater Recovery System Pump Test Work Plan, Revision 2, March
1993 (PARSONS 1993). The purpose of the pumping test is to collect data pertaining to the aquifer
characteristics. Results of the pumping test will be used to verify the design (change if necessary) and
improve the operation of the South Plume recovery system and to recalibrate the groundwater model.

1.2 Content of the Pumping Test Report
This document includes the following:
1) Local hydrology and hydrogeology

2) Aquifer test design
3) Pumping rates and field procedures

4) Pumping test implementation

S) Data reduction and analytical methods

6) Groundwater sampling and chemical analysis

D Conclusions

8 Recommendations for additional activities to support the South Plume Recovery System
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Personnel

The primary participants in the pumping test and their responsibilities were as follows:

D

2)

3)

4)

5)

6)

Department of Energy: Provided overall project supervision, policy and procedural guidance.

Pete Yerace, Manager, CERCLA/RCRA Unit 5
Kathi Nickel, Technical Support

William Sidle, Technical Support

John Kappa, Technical Support (MTC)

. FERMCO CRU-5: Provided overall project coordination and construction management as the

Environmental Remediation Management Contractor. Monitored the operation of the South
Plume Recovery System and discharge to the Great Miami River during the pumping test.

Gileno Braga, Project Engineer
Ken Broberg, Technical Lead
Andy Simmons, Technical Oversight

FERMCO Groundwater Monitoring: Collected manual water elevations from the secondary
monitoring wells and water samples from the test well discharge.

Allan Lydic, Manager
Dean Shanklin, Technical Oversight

PARSONS: Pumping Test Designer, provided technical assistance and data interpretation during
the pumping test.

Tom Naymik, Senior Technical Advisor (Battelle)
Paul Frink, Task Leader

WATEC: Pumping Test Contractor, responsible for equipment procurement, test well and
piezometer construction, and field implementation of the pumping test and primary data
collection.

David Kelting, Project Manager
Rusty Woods, Supervisor (Contract Dewatering)
John Benedik, Field Technician (In-Situ, Inc.)

Observers:
Mike Proffit, Ohio EPA
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SECTION 2

HYDROGEOLOGY

A summary of the local hydrogeology is provided for background information. This information is not
intended to be comprehensive, but rather to provide a convenient overview for the reader. For a more
detailed discussion, see other FEMP reports (DOE 1990a, DOE 1990b, DOE 1993a).

2.1 Hydrology

The FEMP is located within the Great Miami River basin drainage system above the present elevation
of the contemporary flood plain of the river. Figure 2-1 provides a general view of the regional surface
water features. The Great Miami River is the main surface water feature in the vicinity of the FEMP.
It flows to the southwest and drains an area of approximately 3,300 square miles at the Hamilton gage,
which is located 10 miles upstream from the FEMP discharge outfall. The river exhibits meandering
patterns that result in sharp directional changes over distances of less than 3,000 feet. It flows westward
1.2 miles due south of the pumpiﬁg test site.

The average discharge of the Great Miami River at the FEMP is estimated at 3,460 ft'/sec, based on
drainage area scaling. The maximum discharge ever recorded for the Great Miami River at Hamilton
occurred on March 26, 1913, and was estimated to be 352,000 ft/sec. Since the construction of five
retarding basins located approximately 7 miles upstream of Ross, the maximum discharge was estimated
to have been 108,000 ft*/sec for the site reach. The minimum daily discharge was estimated to have
occurred on September 27, 1941, and translates to 280 ft’/sec at the site reach.

Natural surface drainage from the FEMP is primarily to Paddy’s Run which originates north of the site
and drains southward along the west side of the FEMP and the pumping test site. It is an intermittent
stream that flows primarily between January and May, with an estimated discharge for this period ranging
between 0.2 and 4.0 ft*/sec. Paddy’s Run enters the Great Miami River approximately 1.5 miles south
of the site. As shown on Figure 2-1, the stream loses flow to the underlying Great Miami Aquifer along
some reaches due to the highly permeable channel which has eroded into the aquifer. Paddy’s Run is
normally ungauged. Paddy’s Run flows 1,200 feet west of the pumping test site.

The Storm Sewer Outfall Ditch, a tributary to Paddy’s Run, is a principal drainage feature of the FEMP.
This drainage course originates east of the Production Area, flows southwest across the southern portion
of the site, and enters Paddy’s Run near the southwest corner of the property. The Storm Sewer Outfall
Ditch is generally dry throughout most of the year, with flow occurring during and immediately after
precipitation.
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The Storm Sewer Outfall Ditch historically conveyed surface water runoff from the Production Area
directly to Paddy’s Run when the capacity of the storm sewer system was exceeded. Stormwater
retention basins were constructed in October 1986 and December 1989 at the head of the Storm Sewer
Outfall Ditch. Stormwater runoff from the production area is now conveyed to these retention basins and
pumped to the Great Miami River via the FEMP’s main effluent line.

2.2 . Hydrogeology

The portion of the Great Miami Aquifer that underlies the FEMP and South Plume areas consists
primarily of glaciofluvial sand and gravel outwash deposited during the last two Pleistocene glaciations.
Within the coarse-grained sediments of the Great Miami Aquifer is an interbedded clay layer that
underlies most of the FEMP and the area north of the pumping test site. The top of the clay interbed lies
about 100 to 125 feet below the surface and generally about 60 to 80 feet below the water table. It
ranges from 5 to 15 feet in thickness and acts as an aquitard within the Great Miami Aquifer. Because
of this interbed, the aquifer is divided into upper and lower halves.

Figure 2-2 shows the generalized groundwater flow pattern in the Great Miami Aquifer underlying the
FEMP study area. Groundwater enters the study area from three directions. In the northeast,
groundwater moves south-southwest from the Ross area into the portion of the New Haven Trough now
occupied by the Great Miami River. The second source of groundwater is the Shandon Tributary which
enters the New Haven Trough to the north of the FEMP. The majority of the groundwater from the
Shandon Tributary flows under the FEMP site and travels under the eastern boundary of the FEMP
toward the Great Miami River. The third source of groundwater is from the west. The recharge from
the Dry Fork area of the Whitewater River, located about 2 miles west of the FEMP, causes groundwater
to move to the east toward the FEMP. This flow runs southward under the southern part of the FEMP
through the pumping test site and flows toward the Great Miami River in the glaciofluvial deposits under
the southern part of Paddy’s Run, termed the Paddy’s Run Outlet. A portion of the groundwater from
the Shandon Tributary also reaches the Great Miami River via Paddy’s Run Outlet.

The geomorphic setting of the Great Miami River and Paddy’s Run provides for interaction between the
surface water and groundwater. Both surface water systems have eroded through the low permeability
glacial overburden material to the Great Miami Aquifer. This contact allows for infiltration of surface
water to the Great Miami Aquifer.
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A portion of flow from the Great Miami River originates from surface water while a portion also comes
from the aquifer beneath the river. This relationship varies with changing river and groundwater
elevations and is also affected by nearby pumping wells. At times when the groundwater elevation is
above the river, flow is from the aquifer to the river. Conversely, when groundwater elevations are
below the river elevations, flow is from the river to the aquifer and the river loses water. The natural
groundwater flow is generally from the aquifer to the river, that is, groundwater discharges into the river.
However, pumping of two large capacity collector wells owned by the Southwestern Ohio Water
Company (SOWC), which are located close to the river (Figure 2-1), induces recharge to the aquifer by
river infiltration. This occurs by creating a local hydraulic gradient, which causes -flow from the river
to the aquifer. This induced infiltration allows the collector wells to maintain a higher yield from the
aquifer than could be achieved if the river were not present.

Paddy’s Run also interacts with the Great Miami Aquifer in several different ways that affect groundwater
flow and discharge. The stream has eroded through the glacial overburden and into the Great Miami
Aquifer from its confluence with the Great Miami River to approximately 15,000 feet upstream. It is
directly connected with the Great Miami Aquifer in this reach. South of the FEMP, the elevation of the
water table is close to or above the elevation of the stream bottom and the stream receives groundwater
in this reach. In the vicinity of the FEMP, however, the stream is above the water table and loses water
to the regional aquifer. Paddy’s Run is generally dry, except during runoff periods following rainfall and
snow-melt events. These runoff periods have been found to cause transient groundwater fluctuations
which may influence contaminant transport along the western side of the FEMP. Sustained flow has been
reported. in Paddy’s Run during the winter and spring by Dames and Moore (1985) and by stream
gauging stations monitored during the Remedial Investigation. Relatively little recharge to the Great
Miami Aquifer occurs where Paddy’s Run is on the clayey till 15,000 feet north of its confluence with
the Great Miami River.
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SECTION 3

AQUIFER TEST DESIGN

3.1 Pumping System Installation

As discussed in the South Plume Groundwater Removal Action Pump Test Work Plan (DOE 1993b), the
pumping system for the aquifer test consisted of two basic components: '

D The permanent South Plume Recovery System including the test well

2) The temporary pumping test components including temporary piping, valves, pump, and
instrumentation installed specifically for the pumping test ;

3.1.1 South Plume Recovery System

The South Plume Removal Action (pumping and discharge system) provides for the design and installation
of five recovery wells, a discharge force main, and gravity pipeline to transport water from the recovery
wells to the Great Miami River. When complete, the line of recovery wells (oriented about 25 degrees
north of due east) will be located approximately perpendicular to the axis of the south plume,
approximately 1,600 feet south of Willey Road and juSt east of Paddy’s Run Road. The line of wells will
be approximately 1,200 feet long from the first to the fifth well, with each spaced approximately 300 feet
apart.

Recovery Well 4 (RW-4) (FEMP Well Number 3927) was completed prior to construction of the other
recovery wells for use during the pump test. The water table was encountered at 70 feet below ground
surface (BGS). RW-4 was drilled using a 36-inch bucket auger rig to set a 26-inch temporary casing.
The well was completed with a 16-inch inside diameter (id) galvanized steel casing to a depth of 114 feet
and was screened from 74 feet to 114 feet BGS with a 16-inch id Johnson stainless steel continuous slot
screen with a 0.050-inch slot size. The well screen slot size and the sand pack were selected based on
data from the formation grain-size analysis (Appendix E) that was conducted during well construction.
A pre-graded filter pack (#4 quartz sand) was placed within the annular space between the screen and the
outer casing to prevent formation material from entering the screen. A filter pack was selected over a
natural formation to reduce the time required to complete well development. The filter pack was placed
from 69 to 114 feet BGS. The outer casing was subsequently withdrawn to expose the screen and filter
pack to the formation. An 18-inch seal of bentonite pellets was placed above the filter pack. The
remainder of the annular space was filled with a cement grout slurry to a depth of approximately 15 feet
BGS where the pitless adaptor will be installed for the permanent system following completion of the
pumping test. The well log for the test well is included in Appendix F.
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Following well construction, but prior to grouting, the test pump and temporary piping was installed.
The well was developed by pumping at 400-600 gallons ber minute (gpm) and surging the water column

" with a pump. A check valve, used during the actual pumping test, was not initially installed on the pump
discharge to allow this surging. Starting and running the pump caused a drop in the water level in the
well and a subsequent rapid rise when the pump was stopped. Well development continued for
approximately 3 hours. The well was then pumped steadily at approximately 400 gpm for 24 hours. The
discharge water was free of visible turbidity for all but the initial portion of this period.

During well development and system shakedown, it was determined that the test well could not sustain
a steady discharge rate of greater then approximately 600 gpm. This is much less than the 900-1,200
gpm anticipated by the pumping test work plan. This effect was partially due to the uppermost GMA
being less permeable than previously anticipated due to a higher percentage of fines than originally
estimated by field geologists. Additionally, as discussed in Subsections 5.2 and 7.4, the test well
efficiency was somewhat lower than expected resulting in greater water level drawdown during pumping
due to well losses. This reduced capacity required changes to the proposed pumping rates for the step
test. An alternate pump (Table 3-1) was installed in the test well to allow better control of the pump test
at the lower discharge rates.

During the pumping test, groundwater from the south plume was conveyed from the test well and
discharged to the Great Miami River by a combination of a force main and gravity sewer. Figure 3-1
presents a simplified representation of the recovery system. The underground piping is constructed of
high-density polyethylene (HDPE) plastic. A 20-inch force main runs from the South Plume well field
north across Willey Road to the western corner of the Active Fly Ash Pile, and then turns northeast and
_runs along the South Construction Road to the Stormwater Retention Basin (SWRB). From the SWRB,
a 24-inch force main runs 1,400 feet east and follows the sewage treatment plant access road to the
northeast. At a location just south of the existing sewage treatment plant, the force main discharges into
an effluent aeration facility where the dissolved oxygen level of the water can be raised to meet existing
NPDES discharge limits. The outlet of the facility discharges to a new gravity pipeline at Manhole (MH)
176B and passes through a Parshall Flume. The gravity pipeline then continues in a easterly direction
to the Great Miami River (a total of 4,000 linear feet).

3.1.2 Pumping Test Temporary Components

Table 3-1 provides a description of the pumping test temporary components, and Figure 3-2 provides a
diagram of the temporary piping. During the pumping test, the RW-4 test well pump discharged to an
8-inch HDPE temporary pipeline which was run from the test well approximately 500 feet north where
it tapped into a completed portion of the force main. The test pump was positioned in the RW-4 test well
with the inlet approximately 7 feet above the base of the screen. The pump discharged to a 90 degree
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Table 3-1 - Pumping Test Components

Component Description

Test Pump WORTHINGTON Model 10H7S, 600-900 gpm
' submersible pump with a 60 horsepower, 460
volt, 3-phase motor

Primary Flow Meter/Totalizer YOKOGAWA - Johnson Model YF115 -
ALSAIA-S3S3*C/FMF 6-inch Voltex flow
meter '

Secondary Flow Meter/Totalizer McCROMETER, mechanical flow meter with
totalizer

Diesel Generator 300 Kw

Throttle Valve 8-inch gate manual valve

elbow at the top of the well casing. Mounted on the top of the elbow was a 1/2-inch combination éir vent
and sampling port. A check valve was located downstream of the elbow, followed by (in order) a
butterfly valve for isolation, the primary flow detector, a gate valve (to throttle flow), and the secondary
flow meter. \

3.2 Monitoring System Installation

The effects of pumping the RW-4 test well were observed using a series of observation wells consisting
of piezometers and monitoring weils. The observation wells are classified as either primary or secondary
wells based on their proximity to the test well and the significance of their performance to the pumping
test analysis. Table 3-2 provides information on the pumping test monitoring wells. '

3.2.1 Primary Wells

Primary wells included the observation wells closest to the test well and consisted of 10 piezometers, a
stilling well in the test well, three monitoring wells which were constructed for the recovery system, and
two existing monitoring wells. The purpose of these primary wells was to calculate hydraulic properties
of the aquifer including hydraulic conductivity, storage coefficient, the extent of anistropy and in the
surrounding aquifer. Water elevation in these wells was measured automatically during the pumping fest
using either a data logger or float recorder. Back-up measurements were taken throughout the pump test
with manual electric sounders. The data received from these wells was used for curve-matching analysis

o 018
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and parameter estimation. Two of these wells, Monitoring Wells 2015 and 2385, served as the control
(background) wells.

Ten piezometers (see Figure 3-3) were installed in the immediate vicinity of the test well. Five of these
piezometers were drilled to a depth of 110 feet at distances varying between 19.9 to 199.4 feet from the
test well. An additional five piezometers were drilled in a cluster to depths between 120 feet and 166
feet (top of bedrock). This cluster was centered approximately 25 feet from the test well.

Each of the piezometers was drilled using a 4-1/4 inch id hollow stem auger. The 2-inch id piezometers
were set through the hollow stem and the auger raised to allow the aquifer to settle in around the screen,
thus forming a natural sand pack. At the base of each piezometer is a 5-foot screened interval with a slot
size of 0.010 inches. A seal was formed above the screened interval using bentonite pellets and the
remaining depth was grouted. Figure 3-3 shows the arrangement of the piezometers around the test well.
Well logs are located in Appendix F.

3.2.2 Secondary Wells

Those monitoring wells located far enough from the test site to preclude detailed analysis of their
responsé were considered secondary wells. Secondary wells were utilized to identify background trends
and more qualitative tendencies caused by the pumping test. Secondary wells consisted of nine of the
monitoring wells being specifically installed for the recovery system, staff gages at two locations in
Paddy’s Run, and a large number of existing monitoring wells at various distances from the test site.
Elevations in these wells were measured manually with electric sounders before and during the pumping
test. Staff gages (SG-1, 2, and 3) located in Paddy’s Run were monitored at the same frequency as
secondary wells.

Table 3-2 lists the monitored wells during the pumping test along with their classification, distance to the
test well, and method of observation. Table 3-3 shows the various water level measurement instruments
and their method of operation. Figure 3-4 shows the locations of the monitoring wells used during the
pump test.
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Table 3-3 - Water Level Measurement Instruments

Type of Measurement Description

Automatic Level In Situ
HERMIT Model SE 2000
16 Channel data logger

Continuous Level Stevens Type F
Float recorder with quartz multi-speed timer

Manual Level . RST
Model 3001
Water level meter (steel tape with sounder)

Automatic Level In Situ
HERMIT Model SE 1000C
2-channel data logger

Manual Level Staff Gage (3) in Paddy’s Run
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SECTION 4

PUMPING TEST IMPLEMENTATION

4.1 - Step Drawdown Test

Table 4-1 provides a chronology for the step drawdown test. The step test began on May 18, 1993. The
purpose of the step test was to identify well yield and determine the optimum pumping rate for the
constant rate pumping test. This step test consisted of six steps (or intervals) of pumping at increasing
rates. Pridr to initiation of the step test, it was determined that the test steps could be reduced to less
then 2 hours if a steady drawdown rate was achieved during this period. The first step was determined
to have established a steady rate after the 100 minute data point. Steady rates for the other steps were
also evident within the same time frame, thus reducing the basic step interval to approximately 100
minutes.

Table 4-1 - Step Drawdown Test Chronology

Step Drawdown Test Chronology

May 18,1993 Commenced first step of step drawdown test. Due to improperly positioned
1:45 p.m, throttle valve, initial flow rate exceeded 800 gpm. Secured the test pump and
the step test.

2:25 p.m Following aquifer recovery, the step drawdown test was re-initiated at the
beginning of the first step (Discharge [Q] = 200 gpm). Start and completion
times of the individual steps are given below.

4:14 p.m. Completed Step 1 (Q = 200 gpm). Initiated Step 2 (Q = 275 gpm). Step |
duration: 109 minutes.

6:13 p.m. Completed Step 2 (Q = 275 gpm). Initiated Step 3 (Q = 350 gpm). Step 2
duration: 119 minutes.

7:52 p.m, Completed Step 3 (Q = 350 gpm). Initiated Step 4 (Q = 425 gpm). Step 3
duration: 99 minutes. :

9:31 p.m. Completed Step 4 (Q = 425 gpm). Initiated Step 5 (Q = 575 gpm). Step 4

duration: 99 minutes.

11:10 p.m. Completed Step 5 (Q = 575 gpm). Initiated Step 6 (Q = 750 gpm). Step 5
duration: 99 minutes. :

May 19, 1993 | Terminated Step 6, pump cavitation evident, well water level correlates to
00:49 a.m. pump inlet elevation. Step 6 duration: 59 minutes.
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OU-5\PO-37\PTREPORT 4-1 Rev. No.: 0



During the step test, levels in the test well and the local piezometers were recorded .using a 16-channel

data logger. At the beginning of each test, the data logger was stepped to shift it into the logarithmic
sampling cycle shown in Table 4-2.

Table 4-2 - Logarithmic Sampling Cycle

Log Cycle Elapsed Time Measurement Interval
1 0-20 seconds 0.5 seconds
2 20-60 seconds _ 1 second
3 1-10 minutes 12 seconds
4 10-100 minutes 2 minutes
5 > 100 minutes 20 minutes

Appendix A contains data from manual measurements and the data logger. Manual levels were obtained
hourly for each piezometer to verify operation of the data logger.

4.2 Constant Rate Test

Table 4-3 provides a chronology for the constant rate test (CRT). Following completion of the step test,
the aquifer was allowed to recover to the pre-step test levels for 7 days before béginning the CRT. A
CRT was commenced on May 25, 1993, in the RW-4 test well. The discharge rate for the CRT was
established as 425 gpm as discussed in Subsection 5.2.4. Except for the initial minute of the test when
flow was being adjusted and the 20-second loss of the test pump on May 28, the discharge rate was
maintained within + 5 percent of 425 gpm for the duration of the CRT. Drawdown in the test well and
piezometers was recorded using a 16-channel data logger. Downloaded data from the data logger are
located in Appendix A. Figure 4-1 shows a time-drawdown plot for the CRT.
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Table 4-3 - Constant Rate Test and Recovery Period Chronology

May 25, 1993 | Commenced CRT, initial flow rate of 600-700 gpm throttled to a steady

10:10 a.m. discharge rate of 425 gpm within 1 minute.

May 28, 1993 | Test pump was inadvertently shut down for approximately 20 seconds following

4:55 a.m. an electrical anomaly involving the light plant which shared a common power
source (diesel generator). During that period, the test well recovered
approximately 5 feet of level.

May 29, 1993 | The water level in the test well stabilizes approximately 2 feet higher than it was
prior to the pump shutdown. '

May 30, 1993 | The data logger indicated level in the test well has deviated from manual levels

8:00 a.m. by a total of 0.9 feet. '

9:00 a.m. A two channel data logger (Hermit 1000) is set up to read the water level in the
test well to allow direct comparison with Hermit 2000 data in order to
troubleshoot the deviation noted above. Noted that Hermit 2000 time has
drifted from real time.

2:50 p.m. Due to its availability, the Hermit 1000 is set up to monitor the water level in
SPPZ-3 on its second channel to gather redundant data logger data in the event
that Hermit 2000 data is bad or unrecoverable.

June 1, 1993 Completed Constant Rate Test, stopped the test pump. Started the recovery

4:48 p.m. period, began collecting recovery data.

June §, 1993 Terminated data collection for the recovery period.

7:28 a.m.

4.3 Recovery Period

The logarithmic data collection cycle on the data loggers was re-initiated simultaneously with pump
shutdown from the CRT to record water level recovery measurements. ‘The purpose of the water level
recovery measurements was to provide a basis for comparison between aquifer parameters calculated from
the CRT and the recovery period. Table 4-3 shows the recovery period chronology. Data logger data
and manual levels for the test well and piezometers are located in Appendix A.

Do
O
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SECTION 5

PUMPING TEST RESULTS AND ANALYSIS

5.1 Water Level Analysis
Background trend, data logger clock times, and transducer cable slippage affected water level

measurements significantly. River stages, surface loading, barometric pressure, and the effects of other
wells were determined not to have a significant effect on the test results.

5.1.1 Background Trend

The water table in the region surrounding the pumping test area experiences seasonal variations of 6 to
10 feet (DOE 1990a), making it necessary to correct for water level changes observed during the test
which should not be attributed to the test pump. The seasonal low occurs in the fall months and the
seasonal high occurs in the spring. During the period of the pumping test, the water table appeared to
be at its approximate seasonal mid-point, declining towards the fall low.

Figure 5-1 presents weather data collected during the pumping test from the FEMP weather station. A
precipitation event (0.46") occurred on May 18 during the step test. Several small rainfall events (<0.1
inches) occurred during the remainder of the pumping test through June 4, when a rainfall of 0.81 inches
occurred. A review of the secondary well hydrographs indicates that the seasonal water table decline was
approximately constant between May 17 and June 5. Hydrographs show only a small reaction to these
two significant rainfall events, indicating that these events had little impact on the seasonal trend. The
level changes measured in wells 3897, 2093, and 3093 were selected to quantify this background trend
at the test well and its associated piezometers based on proximity and similar hydrogeological setting.
Table 5-1 provides well measurements for these locations. Wells 2385 and 2015 were originally selected
- to serve as background wells for the pumping test; however, 2385 was too distant and its trend was
significantly different than the more local conditions. Sufficient pretest data was available for Wells
3897, 2093, and 3093 for them to be substituted.

A background trend of 0.015 ft/day was subtracted from the drawdown measured by each of the
piezometers and the test well during the CRT to correct for this factor. The recovery period data was
adjusted by this same correction factor. Due to the short interval for performance of ‘the step test,
background trend corrections were not necessary.

030
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Table 5-1 - Daily Change in Water Table

3897 2093 3093
Date :
DTW! Change? DTW! Change? DTW! Change?

517 68.40 66.88 66.60

5/18 68.34 0.06 66.80 0.08 66.52 0.08

5/19 68.47 -0.13 66.90 -0.10 66.62 -0.10

5/20 68.42 0.05 66.88 0.02 66.60 0.02

5/21 68.58 -0.16 66.92 -0.04 66.70 -0.10

5/22 68.46 0.12 66.94 -0.02 66.66 0.04

5/23 68.36 0.10 66.84 0.10 . 66.54 0.12

5/24 68.44 -0.08 66.90 -0.06 - 66.60 -0.06

5/25 68.52 -0.08 67.00- -0.10 66.71 - -0.11
Average Daily Change (ft/day) -0.0150 -0.0150 -0.0138

Notes:

1

DTW = depth to water level measured from tob of casing (ft)

2 Change = change in water level over the previous day (ft)
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5.1.2 Transducer Cable Slippage

Prior to the pumping test, the transducers for the Hermit 2000 data logger were lowered into the test
well, Well 2002, and each of the 10 piezometers. The depth of each transducer was maintained by taping
a loop in the cable at the top of the casing to prevent the traducers from descending any further in to the
well. On June 1, 1993, it was observed that the data logger level for the test well had deviated from the
manual levels by approximately 0.9 feet. Investigation revealed that the loop on the cable for the
transducer for the test well had become noticeably smaller than when it was first installed. A plot of the
difference between data logger level and manual level indicates that the largest portion of cable slippage
occurred on May 28 when the test pump was inadvertently stopped. The discrepancy between the data
logger level and manual reading of 0.9 feet corresponds to the change in size of the retaining loop at the
top of the RW-4 test well casing. All transducer cables were subsequently checked and retaped, no others
appeared to have slipped; and a comparison of data logger level to manual levels also failed to indicate
slippage on any of the other transducers. A correction to account for this slippage for the test well
transducer was made during calibration, prior to final pumping test analysis.

5.1.3 Data Logger Time

On May 30, 1993, about 6,800 minutes into the CRT, it was observed that the 16-channel data logger
(Hermit 2000) clock time was different then actual time. Investigation revealed that the data logger time
was approximately 65 minutes ahead of actual time.- The Hermit 2000 clock was reset to actual time at
the beginning of the recovery period and again drifted at a constant rate. Subsequent evaluation of the
instrument, by the manufacturer’s service department (Appendix I) following completion of the pumping
test, revealed that the "real-time" clock crystal in the unit was oscillating at an incorrect frequency. The
function of the real-time clock is limited to powering up the unit for data collection at the programmed
time and has no effect on the accuracy of the collected data other then indicating the time at which it was
taken. Comparison of actual time to clock time over the remainder of the CRT determined that the time
error was constant and the deviation was linear. Prior to analysis, the data logger time data from the
Hermit 2000 for the CRT was adjusted by a factor of 0.8466 seconds per minute from the beginning of
the CRT. Figure 5-2 provides a comparison of the Hermit 1000 and Hermit 2000 indicated time. The
recovery period data was also adjusted to account for the discrepancy prior to analysis for this report.
The step test data was not adjusted due to the short period of each step test.

e

ERA;-‘S 1\VOLI:RSAPPS\RSDATA\ _ 0 3 3

OU-5\PO-37\PTREPORT ) ‘54 Rev. No.: 0




- 4733

Data from Constant Rate Test —~ May 30 — June 1, 1993

34122.50

34122.00
~ 34121.50 |-
z
=
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£ 34121.00
=
<
=
& 34120.50 |
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)
T 34120.00 |-

34119.50 } .

Data Regression indicates a X —coefficient of 1.014111 (0.8466 seconds/minute)
34119.00 ' — . '
34119.50 34120.00 34120.50 34121.00 34121.50 34122.00
Hermit 1000 Time (days)
3«
7. - - Figure 5-2 - Hermit 1000 Time vs. Hermit 2000 Time 0? ;
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5.1.4 Other Effects
Other factors which have been known to affect the indicated hydraulic head during a pumping test are:

1) River stage - Due to its distance from the pumping test site (1.2 miles), the Great Miami River
is removed from consideration as a possible influence to the test data. Paddy’s Run was gauged
during the pumping test so that recharge to the aquifer following a large precipitation event (i.e.,
> 1 inch/ 24 hours) could be included in the data analysis. Due to the lack of precipitation, its
fairly constant level, and low flow during this period, Paddy’s Run is also not considered an
influence.

2) Surface Loading - The Great Miami Aquifer is an unconfined unit, so there would be very little
effect from a change in surface load during the pumping test. Additionally, other than vehicular
traffic at the test site, there were no known local changes in surface loading during the pumping
test. Surface loading is not considered a factor influencing the test results.

3) Other pumping wells - Several other supply wells are in the area although data on them is
limited. The only active wells during this period which are close enough to influence the
pumping test are those at Delta Steel located approximately 1,000 feet southeast of the test area.
These wells are pumped intermittently and do not exceed a pumping rate of 50 gpm This
pumping capacity is not large enough to be significant.

5.1.5 Non-Equalization

During portions of the pump test, piezometers SPPZ-2B and SPPZ-2G (3912 and 4920) exhibited erratic
water level measurements. This was first noted during the step drawdown test when the piezometers
exhibited relatively poor communication with the surrounding aquifer and response to pumping when
compared to the other piezometers in the depth cluster (SPPZ-2A through 2G). In response to concern
over communication of these two piezometers with the surrounding aquifer, all of the piezometers were
bailed 3 days prior to the CRT to help ensure proper development. At the time the CRT was initiated,
these two piezometers had not equalized (recovered from bailing). Based on non-equalization, the data
from these piezometers will not provide interpretable results and are not analyzed for this report. Figure
5-3 provides hydrographs for these piezometers along with SPPZ-2D which recovered quickly from the
bailing.

yoa s
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5.1.6 Barometric Pressure

Changes in atmospheric pressure can produce large fluctuations in wells or piezometers which penetrate
confined aquifers. This is an inverse relationship; increasing atmospheric pressure*creates a decline in
observed water levels. Although the Great Miami Aquifer is unconfined, changes in atmospheric pressure
have, on occasion, created small fluctuations in the water table of some unconfined aquifers. To analyze
for this possible effect, the inverse of the observed barometric pressure is plotted over time along with
the indicated water level in well 2002 during the period May 1 to May 7 prior to the pumping test. There
were no precipitation events during this period. Figure 5-4 does not show a positive relationship between
inverse pressure and well elevation; therefore, barometric pressure is not considered to have an influence
on the water table in this region.

5.2 Step Drawdown Test Analysis
The results of the step drawdown test were used to calculate the specific capacity (SC).of the well to
predict well efficiency and well yield versus available drawdown. Figure 5-5 provides a time-drawdown

plot for the entire step test.

5.2.1 Constant Discharge Rate Evaluation

Evaluation of the step test data resulted in the decision to perform the constant rate test at a discharge rate
of 425 gpm. The decision was based on two considerations.

First, a discharge rate of 425 gpm represents the highest pumping rate which resulted in a drawdown rate
.in the pumping well smalil enough to allow the CRT to run a minimum of 7 days if steady state conditions
were not reached. For each step discharge rate, the well water level will continue to drawdown until
steady state conditions are reached. “The rate of this drawdown will plot as a straight line continuation
of the shallow portion of the step curve in Figure 5-5. The CRT was scheduled to run for a minimum
of 72 hours and a maximum of 12 days (17,280 minutes) with a projected duration of 7 days. To
determine the length of time which the well can be pumped at each discharge rate before uncovering the
pump inlet (if steady state conditions are not reached), the elevation line for each step is extended until
it crosses the level at the termination of step six (pump inlet). The time on the x-axis of this intersection
indicates the length of time of predicted pumping. It can be seen in Figure 5-5 that step four (425 gpm)
uncovers the pump inlet at sufficiently greater then 100,000 minutes, while step five (575 gpm) uncovers
the pump inlet at approximately 2,000 minutes. '

Second, the surrounding piezometers experienced a drawdown, at the selected discharge rate of 425 gpm,
which indicated that the aquifer would be sufficiently stressed during the CRT to provide acceptable data

e
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for evaluation. Table 5-2 lists the observed drawdown.at various distances from the test well following
the fourth step of the test. A 0.50-foot drawdown at 50 feet following 4 hours of pumping is considered
adequate response. ° '

Table 5-2 - Observed Drawdown

Distance from Test Well 25 Feet 50 Feet 200 Feet
(SPPZ-2A, 2C, (SPPZ-1, 3, 5) (SPPZ-4)
2D)
Observed average drawdown 558 ° .635 feet 267 feet
following step four (425 gpm)

5.2.2 Specific_Capacity

SC was calculated according to the following relation:
SC = QOfs

where:
Q = pumping discharge (gpm)
s = drawdown (feet)
SC = specific capacity (gpm/ft)

Table 5-3 presents the SC at each pumping rate step. An SC of 28.0 gpm for each foot of drawdown
was realized in the test well (3927) at a pumping rate of 425 gpm.

.
S 039
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Determination of Hantush—Bierschenk parameters
Step Drawdown Test — South Plume (3927), time = 100 minutes

0.045
0.04 |
g.
A
Q
< 0.035 |
:
2
s
A 0.03 |-
2
= Regression Ouiput:
3 Constant o Linear foss coefficient B) = = 0.0253027
a. Std Err of Y Est 0.0012208
v R Squared 0.9230618
0.025 F No. of Observations 5.0000000
Degrees of Freedom 3.0000000
X Coefficient(s) - C= 0.0000254 = (non-linear loss coefficient)
Std Err of Coe. 0.0000042 :
0.02 L ! I ll 1 !
0 100 200 300 400 500 600 700
Discharge (GPM)
—a— Individual Step Data —— line generated from data regression
341

- Figure 5-6 - Determination of Hantush-Bierschenk Parameters
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Table 5-3 - Summary of Specific Capacities

Step Pumping Rate Incremental Drawdown, Drawdown, s Specific Capacity,
(gpm) AS, (ft) (feet) Q/s (gpm)
Q . i
1 200 5.8 5.8 : 345
2 275 3.4 9.2 29.9
3 350 3.1 12.3 , 28.5
4 425 2.9 15.2 28.0
5 575 7.5 22.7 25.3
5.2.3 Well Efficiency

Well Efficiency from Step Test Data

Specific Capacity (SC) was also estimated by an evaluation of the ratio of theoretical aquifer
transmissivity to a factor that corresponds to aquifer type. According to Driscoll (1986), the theoretical
SC of an unconfined aquifer can be estimated by the relation:

T
264 log

sC Q.

s 3T

r<s

where:
T = Transmissivity = 298,400 gpd/ft (CRT)
t = Time of pumping = .07 days
r = Radius of the well = 1 ft
§ = Storage coefficient of the aquifer = .2

Therefore SC (theoretical) = 251 gpm/ft.

True well efficiency (E,) can then be.calculated for the conditions experienéed during the step test by
comparing the ratio of actual specific capacity (Table 5-3) to theoretical specific capacity (calculated
above) for a pumping time of 100 minutes and a discharge rate of 425 gpm. It should be noted that this
method does not account for the effects of partial penetration.

'at pumping time = 100 minutes and discharge = 425 gpm

-
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Well Efficiency from Constant Rate Test Data

An alternate method of determining well efficiency compares the ratio of theoretical drawdown to actual
drawdown where theoretical drawdown for a 100 percent efficient well is derived by extrapolating the
straight line fit from a Jacob distance drawdown plot to a radius equal to the well radius.

After 5 days of pumping the straight line Jacobs distance-drawdown fit is described by:
S, =mlogx +b

where:
m = slope of the line = .7112 (ft/decade)
x = distance from the pumping well (ft)
b = constant = 2.34 (ft)
§, = theoretical drawdown = 2.34 (ft)
§, = actual drawdown in the test well after 5 days of pumping (ft)
S, =.71121log 1 = 2.34 = 2.34

To correct for the effects of partial penétration, additional drawdown is added to the theoretical drawdown

* to account for partial penetration impacts. The additional drawdown was calculated using a computer

program “PT2" written by W.C. Walton (Walton 1985).
§,=5+S, §, =234+ 172 = 4.06
where

S,” = theoretical drawdown corrected for partial penetration
S, = theoretical drawdown with full penetration = 2.34 feet
§,, = drawdown due to partial penetration impacts (Appendix K)

Well efficiency during the constant rate test can then be calculated:

© 043
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= 100 = 28.3 percent

This calculated value for well efficiency provides a good estimate of the actual well performance.
%at pumping time = S5 days and discharge = 425 gpm

Well Efficiency Estimated by Well Losses

Well construction efficiency can be evaluated by an estimation of well losses. A value for well losses
was obtained from the step drawdown data by the Hantush-Bierschenk (1963, 1964) method. This
technique employs both graphic and analytic methods to provide a value for well loss components.

Sw = BQ + CQ

where:
B = Linear well loss coefficient = 0.0254 (Figure 5-1)
" C = Nonlinear well loss coefficient = 2.5 x 10°
Q = Discharge - 425 gpm
S, = Well drawdown

Data from Table 5-3 was used to construct a linear plot (Figure 5-6) of discharge (Q) versus specific
drawdown (s/Q). A value for B is obtained from where the line intercepted the s/Q axis at Q=0.

The value for C is obtained from the slope of the line from the regression analysis in Figure 5-6:
C=25x10°

The ratio of the laminar head loss to the total head loss can then be evaluated by the following relation:

t 044
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L= [i—] * 100 = 70 percent
BQ+ CQ?

This statement indicates the 70 percent of the total head losses are attributable to laminar flow. This is
not, however, an indication of true well efficiency as the turbulent flow may occur within the well and
well screen or in the undisturbed formation around the well.

5.3 Constant Rate Test Analysis

During the constant rate test, the aquifer acted as an unconfined (water table) aquifer by exhibiting three
distinct time-drawdown relations. Initially, the aquifer behaved as an artesian aquifer and time-drawdown
data corresponded to the Theis non-equilibrium curve for storativity equal to the elastic storativity of the
aquifer. Flow in the aquifer during this period was primarily horizontal. During the second phase, the
rate of decline lessened as discharge was derived through gravity drainage from the aquifer. During this
phase, there were both horizontal and vertical components of flow. In the third phase, due to gravity
drainage effects, the drawdown rate in the well decreased and flow again became primarily horizontal.
During this phase, time-discharge data followed a Theis curve with a storativity equal to the specific yield
of the aquifer.

Three basic methods were used to analyze the constant rate test data for this report. The Jacob distance
drawdown method is based on graphical analysis of the plotted test data while two other methods use the
best fit of the plotted test data to type curves representing well functions. The two separate curve-fitting
methods have been developed by Streltsova and Neuman, respectively (Kruseman and de Ridder 1990)
to analyze the constant rate test data for the conditions of unsteady flow in an unconfined, anisotropic
aquifer using a partially penetrating well, while the Jacob method considers unsteady flow to a fully
penetrating well in a confined aquifer. The applicability of Jacob’s method will be described in the
following subsection. A third curve-fitting method by Boulton and Streltsova (Kruseman and de Ridder
1990) was applied to several of the piezometers to assess the effect of well storage on the early time data.

5.3.1 Jacob Distance-Drawdown Method

In aquifer tests where there are at least three observation wells located at different distances from the
pumping well, drawdown can be analyzed using the Jacob method to determine aquifer transmissivity and
storage coefficient. The Jacob distance-drawdown method (Copper and Jacob 1946) graphs simultaneous
drawdown in the observation wells, at specific times during unsteady flow against the distance of each
well from the pumping well. The method is based on the fact that individual well data points will plot
along a straight line on semi-log graph paper. The slope of the line is then used to calculate the
parameters of interest.
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Several considerations are necessary to determine the validity of the Jacob calculations for this pumping
test. First, the Theis equation on which the Jacob method is based is valid for confined aquifers and fully
penetrating wells. It can be used for unconfined aquifers, if the aquifer is not fine grained and dewatering
of the aquifer is not significant (Heath 1987).

The Great Miami Aquifer is a sand and gravel aquifer and is not considered to be fine grained. The
aquifer thickness in the test area is approximately 96 feet. Drawdown in piezometers located 20 feet from
the test well experienced less then 1.6 feet of drawdown. Approximately 0.9 feet of drawdown was
experienced at 200 feet from the test well. If necessary, the effect of dewatering can be corrected for with
the following equation (Jacob 1944) as shown for well 3911 below.'

@«
1

_s (2
s (2D)

< 1517 - (51T
: (2)(%6)

©
|

) = 1.505 feet

Drawdown corrections were calculated for the near and far piezometers to determine the magnitude of

the required dewatering correction (see Table 5-4). These calculations show that the ratio of maximum

drawdown to the initial saturated thickness is less than 0.02, and it is not necessary to correct drawdown

data for dewatering (Papadopulos and Cooper 1967) and that a less than 1 percent change in the observed
drawdown occurs due to dewatering.

Table 5-4 - Sample Drawdown Calculations for Unconfined Conditions

Well Distance | Drawdown Correction F :.xctor Corrected Change
No (ft) (ft) (Drawdown divided by | 1, o qoun (o) (%)

: Initial saturated thickness)
3911 19.9 1.517 ' 0.0158 ' 1.505 0.8
3922 199.4 0.879 0.0092 0.875 0.5

Another consideration in using the Jacob distance-drawdown method is that the Theis equation does not
account for the vertical flow components introduced in the aquifer in the region adjacent to the test well
which are caused by partially penetrating conditions. The effects of partial penetration are s/trongest at
the well face and decrease with increasing distance from the well. Depending on the amount of
penetration, the effect becomes insignificant at a distance which is 1.5 to 2 times the thickness of the
saturated aquifer (Dawson and Istok 1991). The pumping well is screened over 40 feet of the total 96
feet of saturated aquifer thickness. The effects of partial penetration therefore become negligible at
approximately 190 feet from the pumping well.
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The data from five wells were selected to be analyzed by the Jacob distance-drawdown method. This
calculation assumes that the aquifer is homogeneous and isotropic, which allows the drawdown in three
of the piezometers located along a line to the south of the test well (3911, 3921, and 3922) to be analyzed
with the observed drawdown from two other observation wells (3097 and 3093) located on a line
generally northeast of the test well. A

Using Jacob’s method, drawdown values are obtained for the wells of interest, and drawdown versus
distance is plotted in semi-log format for 1, 3, 5, and 7 days from the start of constant rate pumping.
To determine the best straight line fit, data regression is performed for each time period. = Sample
calculations are shown for time = 5 days.

Transmissivity (T) can be calculated as:

T = 528 x Q
As
T = §%4_2§ = 315,510 gpd|feet (Driscoll 1986, page 236)

Horizontal conductivity (K,) is calculated:

315,500
K, = 13500 _ 439 fer
%~ 96 x 748 Jeetlday
K- T _
D x 748

Zero-drawdown intercept (r,) is calculated:

Juz
0 = 10237 = 1,932 feet

( y—inrerceg)
10 As

o‘l
0]

The storage coefficient (S) is then calculated:

_ 03 * 315510 = 5
1,932?

N} = 0.127 (Driscoll 1986, pg. 237)

I~ F'
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*

3T:
S =
rzo
u = 187r°8 (Driscoll 1986, pg. 218)
Tt

When the values of T and S are determined, they are introduced into the equation for u (below) to check
whether u < 0.1, which is a practical condition for the applicability of the Jacob method (Kruseman and
de Ridder, page 67). Calculation for Well 3897 at time = S days is shown below. The dimensionless
well parameter (u) is then calculated:

L - U8 (GI5? 127 |
315,510

5 = 0.0498

Time-distance data with "u" values >0.1 were neglected from regression, and a new regression was
performed for that time period. '

where:

s’ = corrected drawdown (if there had been no dewatering) (ft)

s = observed drawdown (ft)

D = original aquifer saturated thickness = 96 feet

T = transmissivity (gpd/ft)

Q = discharge = 425 (gpm)

As = graph slope taken as the x-coefficient from the data regression (ft/log cycle)
K, = horizontal hydraulic conductivity (ft/day)

y-intercept = constant calculated from the regression analysis

r, = distance to which the steady-shape cone of depression extends (x intercept)
t = time (days)

u = well parameter (dimensionless)

Figure 5-7 shows the distance drawdown plots for each time period. It can be seen from these plots that
well 3093 at 1, 3, and S days is outside the steady shape cone of depression. Additionally, it can be seen
that the two wells with the poorest fit on the straight line are the two closest wells (3911 and 3921) at
distances of 19.9 and 48.3 feet. Both of the wells are located within a distance 2 times the saturated
aquifer thickness, so the non-linearity is likely due to the effects of partial penetration discussed earlier.
Table 5-5 presents the results from the Jacob distance drawdown analysis.
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5.3.2 Streltsova Curve Fitting Method

The Streltsova curve-fitting method was used primarily to analyze the late time data from the piezometers
which were screened at 110 feet. The Streltsova method considers the effects of partial penetration by
both the test well and observation wells. Since the method requires generation of specific type curves
for each specific arrangement of partial penetrations, the Streltsova analysis was limited to those
piezometers which shared the same set of type curves (at a depth of 110 feet). Elevation data for each
well, corrected for background trend, was graphed and compared to plots of Streltsova Type B curves
generated from tables (Kruseman and de Ridder 1990). The curves were fit to the test data by overlaying
an acetate copy of the type curves. A match point was selected and match point values of W, 1/y, t, s,
and B are recorded. Estimated aquifer parameters were then calculated using the values obtained at the
match point from both plots. Piezometer curves and type curves are located in Appendix H. '

Early time data analyzed in this report by the Streltsova method was not carried forward for the purposes
of parameter estimation due to the effects of well storage (discussed in Subsection 5.3.9) and due to

- adjustments which were made to the test discharge rate during the first minute of the CRT. A summary

of late time analysis by Streltsova is presented in Table 5-6.
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The following calculations were performed for Streltsova anal);sis. Sample calculations are shown for
Well 3923 (Kruseman and de Ridder 1990, pg. 170-171):

425gal , _f* | 1,440min 3
= = 81,818 ft’/day
e min 7.48 gal day z

K = —2"
* 4n(b/D)sD

K, - 81818X1.74 - 510
4xm* 417 * 550 x96

4K, Dt
> 2 (lfuy)

Sy _ 4 *49435 x0.854 - 0.698
(49.2)> 100

K _ B
K, 2

K, _ 20x(96)* _ 76
K, 49.2)?

Bl sop96ft = 417

where:

K, = vertical hydraulic conductivity (ft/day)
K, = horizontal hydraulic conductivity (ft/day)
D = original saturated aquifer thickness. (ft)
W, = well functions for late and early time

Q = discharge rate = 81,818 ft’/day

§, = specific yield

r = distance to test well (ft)

b, = depth of pumping well (ft)

b, = depth of monitoring well (ft)

s = match point drawdown (ft)

r 053_5
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¢t = match point time

1/uy = match point value
W = match point well function value

5.3.3 Neuman Curve Fitting Method

For drawdown in an unconfined anisotropic aquifer pumped by a partially penetrating well, Neuman
(Neuman 1974) developed a curve-fitting method based on the following equation:

Q b d z

s = W,,Bs,s, 2, 4 2

ank D " Uar B SIS 5 )
r2SA rZSy

ua = N ub =
4K, Dt 4K, Dt

where:
s = drawdown (ft)
Q = discharge (ft*/day)
t = time
K, = horizontal hydraulic conductivity (ft/day)
W(u,. . .) = Well function based on six independent dimensionless parameters
§, = specific yield (dimensionless)
S, = storativity (dimensionless)
b = distance, water table to bottom pumping well screen (ft)
d = distance, water table to top of pumping well screen (ft)
D = original saturated aquifer thickness (ft)
Z = distance from bottom of monitor well to bottom of aquifer (ft)
T = transmissivity (ft*min)
K, = vertical hydraulic conductivity (ft/day)
r = distance to the test well (ft)
B = curve parameter (dimensionless)

The well function (W) shown above is a function of six dimensionless parameters. If the aquifer
thickness and screen locations of all the wells are known and aquifer specific yield can be assumed to be
much greater then storativity, the method of -analysis can be greatly simplified. Drawdown data is
analyzed in two parts: early data and late data as shown in Figure 5-8. Type A curves are used to
analyze the early data where the effects of elastic storage are dominant and Type B curves are used to
analyze the late data when storage from gravity drainage becomes important (Dawson and Istok 1991).

3 el o g
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Neuman analysis allows the generation of individual type curves for each piezometer based on piezometer
depth and distance from the test well. Neuman curve fitting was performed using the AQTESOLV
(Aquifer Test Solver) software package, Version 1.10 by Geraghty & Miller, Inc. AQTESOLYV allows
interactive visual curve matching as well as automatic hydraulic parameter estimation. AQTESOLV
computes the best type curves for any particular data set and thus increases the accuracy of the graphical
hydraulic parameter estimation by eliminating the need for interpolation between widely spaced type
curves. Neuman curve matching was performed on each of the pumping test piezometers using corrected
drawdowns from the calibrated data base.

The total number of data points in each piezometer’s data set was reduced to decrease computation run
time. Seven regularly spaced data points per log cycle of test time were selected, reducing the file size
to between 45 to 80 data points while maintaining the overall shape of the curve.

Parameter estimation was performed by two methods. Initially parameters were estimated by adjusting
the type curves manually on the computer screen to achieve the best visual fit. These fits used the
estimated parameters from the other methods of analysis (Jacobs distance drawdown, Theis recovery) as
a starting point. In performing the visual fit, late time data was preferred. Early time data points were
not required to fit as tightly to the type curves as the late time data. This preference for late time data
was based on two effects: (1) during the first minute of the CRT the pump discharge rate was reduced
from an initial flow of approximately 600 gpm to the desired constant flow rate of 425 gpm., and (2) the
effects of well storage, which are described in section 5.3.4, are significant in the early portion of the
CRT as water level in the well casing is initially lowered. This effect is greatest at the beginning of the
CRT and becomes negligible after the first 39 minutes.

The second method of parameter estimation was performed using the AQTESOLV’s automatic estimation
procedure. This procedure uses a nonlinear least-squares parameter estimation algorithm to converge on
a solution which minimizes the residual error. Starting guesses for the parameters were supplied from
the visual estimates generated previously. The software was thus allowed to "improve upon” the visual
fit.

AQTESOLYV allows the use of a weighting factor to be applied to each data point. This weighting factor
influences how the error generated by each individual data point is considered when the program
determines the quality of the current fit. All data points within the first minute of the CRT were assigned
a weighting factor of 0.25 and all the data points between 1 minute and 10 minutes were assigned a
weighting factor of 0.50. These two weighting factors were used to account for the effects of well
storage and flow adjustment discussed above.
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Table 5-7 provides the results for the Neuman analysis for each piezometer.
Aquifer parameter estimates are calculated by AQTESOLYV and printed on the final matched curves for

each parameter. The only manual calculations are conversion of transmissivity to horizontal conductivity
and the ratio of vertical to horizontal conductivity (K,/K,) which are shown for Well 3910 below:

T = 1440

K =
h D

K, = (28.93)(1440) = 434 feet/day

9%
K 2
. [2
Kh r
K .
v 0.047 —9ir - 1825
K, 475

Both the manual visual fit and automatic estimation fits are presented. Figure 5-8 shows the Type A and
Type B curve matching screens used for the visual estimation. The fitted curves for all the piezometers
for both visual and automatic estimation are located in Appendix J along with the input and output files
for the AQTESOLYV software.
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534 Boulton-Streltsova Method

The test well was installed with a 16-inch diameter casing and a filter pack which extends the effective
well radius to approximately 1 foot. Because the well is screened in the top portion of the aquifer, this
well bore size is large enough that the effects of well storage may be significant in the early time data.
To assess the effect of well storage, the Boulton-Streltsova method was used to analyze the three
monitoring wells screened at 110 feet in depth and located approximately 50 feet from the test well.
Early time data from these same three wells were also analyzed by the previously mentioned Streltsova
method which does not consider well storage. The Boulton-Streltsova curve-fitting method uses the same
equations as those for Streltsova which are previously listed.

The effects of storage on drawdown can be neglected if:

. .
> 2.5x10° r; (1440) (Papadopulos and Cooper 1967)
T .

t > 25 x 109672 LMD _ 39 pinutes
40,320

where:
t = pumping time (minutes)
T = transmissivity = 40,320 ft*/day (assumed)
r? = well casing radius = .67 feet (conservative)

This means that well storage will affect early time results for the first 39 minutes of the constant rate test.

Because of the limited curves available for Boulton-Streltsova, curves were selected with values closest
to pumping test conditions. Table 5-8 shows the selected curve values and actual values.

. | (60
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Table 5-8 - Comparison of Condition Values (Boulton-Streltsova)

Value Parameter Used Definition Actual Test
for Curve Condition
b,/D 0.4 Well Depth 0.417
Aquifer Thickness
d/D 0 TOW* to TOS* , 0
Aquifer Thickness
b,/D 0.2 Monitor Well Depth 0.417
Aquifer Thickness
r/'t,, 50 Distance to Monitor Well 50
Radius at Pumped Well**

* TOW - top of water table; TOS - top of screen
** ~1 foot

The best B value on the Boulton-Streltsova curves was 0.5. When analyzing for early time by Streltsova,
B=0.5 values were used to curve match so a direct comparison could be made between the two methods.
‘As shown in Table 5-9, Streltsova values for conductivity were consistently lower than the Boulton-
Streltsova values at early times as a result of the effects of well storage.

Table 5-9 - Comparison of Early Time Analysis for Streltsova and Boulton-Streltsova

©

Monitoring Previous Distance " Horizontal Conductivity (ft/day)
Well Designation Streltsova Boulton-Streltsova
3910 SPPZ-1 47.5 102 342
3921 SPPZ-3 48.4 131 376
3923 SPPZ-5 49.2 120 229
5.4 Recovery Period

At the conclusion of the constant rate pumping test, the final drawdown was recorded at the test well and

all of the observation wells, the pump was then shut down, and the aquifer: began recovery.

Py
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When the pump is shut down following a pumping test, the water levels in the well and piezometers will
start to rise. Residual drawdown is expressed as the difference between the original water before the start
of pumping and the water level measured at a time (t’) after pumping stopped.

Recovery-test measurements allow the transmissivity (and therefore, hydraulic conductivity) of the aquifer
to be calculated, thereby providing an independent check on the results of the pumping test. Residual
drawdown data is more reliable than pumping test data because recovery occurs at a constant rate,

whereas constant discharge during pumping is often difficult to achieve in the field (Kruseman and de
Ridder 1990).

Duﬁng the recovery period, potentiometric head data was collected (referred to as residual drawdown)
for 11 observation wells and the test well with transducer/data loggers and manual soundings. The
residual drawdown data was used to calculate a value for hydraulic conductivity using the following
equation derived by C.V. Theis in 1935 (Kruseman and de Ridder 1990 and Driscoll 1986):

where:

§'= QS% [W;u) - (u’)]

s’ = residual drawdown (feet)

As’= change in residual drawdown (feet per log cycle of t/t)

Q = rate of recharge = rate of discharge (gpm)

T = transmissivity of the aquifer (ft*/day)

W(u) = Theis well function of drawdown (dimensionless)

W(u’) = Theis well function of residual drawdown (dimensionless)

The Theis recovery method is valid for confined aquifers which are fully penetrated by a well that is
pumped at a constant rate. As discussed in Kruseman and de Ridder (1990), the Theis recovery method
is also applicéble in unconfined aquifers for late-time recovery data and can be used if the well is only
partially penetrating if:

t’,tp > 10D2S|T = .457days (Uffink 1982)

where:
T = transmissivity = 40,320 ft*/day
D = aquifer thickness (original) = 96 feet
§ = storativity = .20
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Using the Theis recovery method, a graphical relationship (Figure 5-6) exists such that:

Aol - 3529%Q
T
T - %%2_5 = 42,869 fi*lday (for Well 3921)

Figure 5-9 is a semi-logarithmic plot of residual drawdown versus the ratio of t/t’ for SPPZ-3 and is
p'resented as an example for determining T from recovery data. The plot yields a straight line through
the late-time recovery data. The slope of the straight line is As’ which is the change in drawdown over
one log cycle.

Once T is determined, K can be calculated from the equation:

K, = TID
K, - %’?—9 = 446 fijday (for Well 3921)

Table 5-10 summarizes the calculations for T and K from the recovery data using the Theis recovery
method. '

. r
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Table 5-10 - Results of Theis Recovery Method

Well Previous As’ Transmissivity Hydraulic
Number | Designation ft¥/day Conductivity ft/day
2002 0.3024 49,570 516
3910 SPPZ-1 _ 0.3783 39,622 413
3911 SPPZ-2A 0.2612 57,383 598
3916 SPPZ-2C 0.3974 37,722 393
3917 SPPZ-2D 0.3674 40,798 425
3918 SPPZ-2E 0.5340 28,069 292
3921 SPPZ-3 0.3499 42,839 446
3922 SPPZ-4 0.3649 41,083 428
3923 SPPZ-5 0.3518 42,613 444
3927 RW-4 0.3175 47,215 492
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Recovery Data — Well 3921 (SPPZ-3)
Residual Drawdown vs t/t’

=0.2 i |
Regression Output:
Constant > 0.0282
Std Err of Y Est 0.0368]| | .
-0.4 R Squared 0.9549 [
- " |No. of Observations 594.0000
'a',' Degrees of Freedom 5920000
Q A .
= -06 . i X Coefficient(s -0.3499 n
- . W Qd Efmr of , ' 0.0031
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g I
aQ -1 \4
©
|
9 -12
/7]
Q
0
-14
-1.6-
10 100 1000 10000 100000
110 ¢
Figure 5-9 - Theis Recovery Data Plot for SPPZ-3
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SECTION 6

GROUNDWATER QUALITY

During the CRT, groundwater samples were collected from the discharge of the test pump four times
during the first day of pumping and twice daily through the duration of the CRT. These samples were
field analyzed for temperature, pH, dissolved oxygen, and specific conductance. Additional samples,
taken at the same time, were sent to the FEMP analytical laboratory to be -analyzed for total uranium
content. Appendix B contains the results of these analysis.

6.1 Dissolved Oxygen

Dissolved oxygen was measured during the pumping test because the pumped groundwater was discharged
to the Great Miami River. Low dissolved oxygen levels could impact the Great Miami River water

quality.

- Dissolved oxygen (DO) in the discharge of the test well was initially measured using QED Model FC1000
which is a flow-through cell and meter system. Indicated DO levels by this method were quite low (0.1-
0.3 ppm) as can be expected when pumping groundwater. Following the initial 24 hours of the test, DO
was measured using an Horiba Model U-10 meter which requires collection of the sample in a stainless
steel container for measurement. DO levels measured by this method were significantly higher (~ 3. ppm)
due to exposure of the sample to the atmosphere. Over the next 6 days of pumping, the DO content rose
slightly- (see Figure 6-1). It is possible that the rise in oxygen content is caused by aeration from
cascading groundwater flow into the well. The amount of cascading increases over time as the water level
is drawn down during the pump test. DO levels in the combined site discharge at the Parshall Flume
were consistently higher due to both dilution with the normal FEMP discharge and aeration which took
place in Manhole 176B.
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: Figure 6-1 - Dissolved Oxygen vs. Time -
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6.2 Total Uranium

The filtered and unfiltered results for total uranium were very similar. At times the filtered samples
exhibited higher concentrations than the unfiltered samples. As indicated by Figure 6-2, levels exhibited
a slight decrease over the period of pumping with an average value of approximately 5 ug/l towards the
conclusion of the CRT. Although slightly lower, this value is of the same order of magnitude as the
values predicted by the groundwater model. The pumping values are also consistent with samples taken
from each of the test piezometers prior to the pump test. The results of the total analysis performed on
samples taken on May 21, 1993, from the piezometers are shown in Table 6-1.

Table 6-1 - Total Uranium Measurements

Well Previous Depth Distance from 4 Total Uranium Total Uranium
Designation (feet) Test Well (feet) Unfiltered (ug/l) Filtered (ug/l)
3910 SPPZ-1 110 47.5 14.0 | 10.0
3911 SPPZ-2A 110 199 11.0 5.3
3912 SPPZ-2B 120 24.2 3.8 0.8
3916 SPPZ-2C 130 29.2 32.0 17.0
3917 SPPZ-2D 140 25.1 24.0 | 22.0
3918 | SPPZ-2E 150 243 55 2.0
4920 | SPPZ-2G 166 29.7 12.0 0.9
3921 SPPZ-3 110 48.3 9.9 7.0
3922 | SPPZ-4 110 199.4 3.4 2.8
3923 SPPZ-5 110 49.2 8.3 7.0
6.3 - Temperature, pH, and Specific Conductance

Test pump discharge temperéture,' PH, and specific conductance were fairly constant throughout the pump
test with values of 12°F, 7, and 775 uS respectively.' Figure 6-3 shows indicated values over the course
of the pump test.
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SECTION 7

SUMMARY AND CONCLUSIONS

The overall objective of the pump test was to collect data and calculate hydraulic properties of the Great
Miami Aquifer. Specifically, the objectives were to determine the hydraulic conductivity, storage
capability (specific yield), and the extent of anisotropic conditions in the vicinity of the recovery system
well field. Of the four methods of analysis applied, the Streltsova method and the Neuman method were
the most applicable as they modeled a partially penetrating well in an anisotropic unconfined aquifer.
The Theis recovery and Jacob methods applied simpler assumptions of fully penetrating wells in an
isotropic confined aquifer. These methods were also shown to have applicability for the test conditions.
There is not sufficient information available for a detailed statistical analysis of the differences between
these four methods, nor are there enough data points within each method to provide an elaborate
statistical analysis of each individual method. The geometric mean of hydraulic conductivity is provided
for each method of analysis as well as the sample geometric standard deviation based on an assumed
lognormal distribution. Values for K/K, and specific yield have normal rather than log normal
distributions and their means and standard deviations are calculated arithmetically (Domenico and
Schwartz 1990). Conclusions are based on general observations of the results and.simple statistical
methods of mean and coefficient of variation. For a series of measurements (x), the coefficient of
variation is defined as the difference between the maximum and minimum values divided by the average

value.

6 = Xmax - Xmm

Xave

where
X max = maximum value
X pn = minimum value
X .. = average value
d = coefficient of variation

A summary of the calculated results is provided in Subsections 7.1 through 7.4.

7.1 Horizontal Hydraulic Conductivity

Hydraulic conductivity was calculated by the Jacob (distance) method, Streltsova and Neuman techniques,
and by the Theis recovery method. Using 96 feet as an average thickness, the horizontal hydraulic
conductivity ranges from 292 to 678 ft/day.
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There was a very tight correlation between the values of K, generated for wells 3910, 3921, and 3922
which represents the three 1-10-feet—deep wells located approximately 50 feet from the test well in three
orthogonal directions (r = 50 feet). The values generated by Theis recovery, Neuman and Jacob methods
ranged between 413 and 490 ft/day. The Streltsova method generated results that were generally higher
but also tightly correlated. Given the consistent behavior of these wells and the tight range of these
values, the first three methods appear to provide the best estimate of horizontal hydraulic conductivity
in the immediate vicinity of the test well at a depth of 110 feet. A hydraulic conductivity of 444 feet/day
equates to a transmissivity of approximately 320,000 gpd/foot, which is in relative agreement with results
from the previous pumping test in the area of 300,000 gpd/foot and 370,000 gpd/foot (Speiker 1968c)

Transverse Isotropy

There is no significant anisotropy with respect to horizontal conductivity; and the coefficient of variation
between the calculated values of horizontal conductivity for any of the three wells by either of the two
methods (Theis recovery and Neuman) is less than 0.096 for wells 3910, 3521, and 3922 (SPPZ-1, 3,
and S).

Variation with Depth

The Neuman analysis indicated that the horizontal hydraulic conductivity at depths of 130, 140, and 150
feet BGS to be 470, 525, and 672 ft/day respectively. These results are consistent with both the boring
samples from the pump test which, at greater depths, contained a coarser sand and gravel mixture with
a smaller percentage of fines and the general lithology of the Great Miami Aquifer in which the
uppermost layers are gradational into deeper well sorted materials at increasing depth. Based on
confidence in the Neuman analysis for calculating these values at depth, it is felt that the geometric mean
(Domenic and Schwartz 1990) of these three values (549 ft/day) provides the best estimate of horizontal
hydraulic conductivity in the immediate vicinity of the test well at a depths between 120 and bedrock.
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Table 7-1 - Horizontal Hydraulic Conductivity (feet/day)

FEMP Previous Distance Jacob Streltsova Neuman Theis

Well designation (feet) Distance- Recovery
Number | or time of Drawdown

(s) aqalysis

3911 SPPZ-2A 19.9 470 426 598
3916 SPPZ-2C 29.2 470 393
3917 SPPZ-2D "25.1 525 425
3918 SPPZ-2E 243 : 672 292
3910 SPPZ-1 47.5 514 434 413
3921 SPPZ-3 48.3 560 455 446
3923 SPPZ-5 49.2 514 434 444
3922 | SPPZ4 199.4 547 445 428
3911 1 day 465
3921 3 day 416
3922 19.9 - 1,160
3897 5 day 439
3093 7 day 490
Analysis Method Geometric Mean 451 520 477 423
Analysis Method Geometric Sample 1.07 1.07 1.17 1.22
Standard Deviation

7.2 Vertical Hydraulic Conductivity

Two of the methods of analysis used in this report calculated the vertical anisotropy of the aquifer with
respect to hydraulic conductivity. These two methods (Neuman and Streltsova) showed a high level of
correlation for the values of K /K, generated for the r = 50 foot wells (3910, 3921, and 3922), but the
values generated by Streltsova (average 0.79) were 4-5 times higher then those generated by the Neuman
method (average 0.17). Based on the consistency of the Neuman analysis across all calculated parameters
and its agreement with previously documented studies, a ratio of K /K, between 0.05 and 0.19 is
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representative of this area. The r = 50 foot wells (3910, 3921, and 3922) yielded a value of 0.172 with
a coefficient of variation of 0.110.

It is noted that 3911 showed the highest ratio of K, /K, at 0.5778 by Neuman while 3922 had the lowest
calculated value of 0.0116. These values are correlated by the Streltsova analysis. The relatively large
range in K/K, values is a result of the variable nature of the aquifer material. This variation may be
explained by localized areas (lenses), containing higher concentrations finer grained material with lower
permeability. These areas may be due to the braiding and meandering of the ancestral Great Miami
River. There is no conclusive evidence to support the presence of a low permeability confining clay layer
separating upper and lower portions of the Great Miami Aquifer in this region as seen further north near
the site.  These areas of lower permeability are considered to be of limited areal extent and do not
create confining conditions.

Table 7-2 - Ratio, Vertical Conductivity to Horizontal Conductivity (K,/K,)

FEMP Well Previous Distance Streltsova Neuman
Number designation - (feet)
3911 | SPPZ-2A 19.9 23 0.5778
3916 SPPZ-2C 29.2 0.0692
3917 SPPZ-2D 25.1 0.1458
3918 SPPZ-2E 243 ’ 0.2649
3910 SPPZ-1 47.5 .0.82 0.1825
3921 SPPZ-3 48.3 0.79 0.1636
3923 SPPZ-5 49.2 0.76 0.1701
3922 SPPZ-4 199.4 0.12 | 0.0116
Analysis Method Mean . 0.958 0.198
Analysis Method Sample Standard Deviation 0.804 0.171
7.3 Specific Yield

Values of specific yield in the aquifer ranged from approximately 0.02 to 0.49. The aquifer responded
as an unconfined aquifer with resultingly large storage coefficients (specific yields). Although there was
a fairly wide range of values calculated, these responses are consistent with the erratic presence of siltier
layers of the Great Miami Aquifer which have been observed in boring samples throughout the test area.
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The specific yield in this area was previously determined to be between 0.1 and 0.2 (Speiker 1968c).
Based on the consistency of Neuman and Jacob analysis across all calculated parameters and relative
agreement with previously determined values, the Jacob results are averaged with the Neuman values for
the r = 50 foot wells (SPPZ-1, 3, and 5) for a value of 0.179 and a coefficient of variation of 1.56.

Table 7-3 - Specific Yield
FEMP Previous Distance Jacob Streltsova Neuman
Well designation or (feet) Distance-
Number(s) time of Drawdown
analysis
3911 SPPZ-2A 19.9 0.1141 0.49
3916 SPPZ-2C 292 0.0440
3917 SPPZ-2D 25.1 0.0217
3918 SPPZ-2E 243 0.0177
3910 SPPZ-1 47.5 0.0676 0.2598
3921 SPPZ-3 48.3 0.0736 0.3121
3923 SPPZ-5 49.2 0.0698 0.2421
3922 SPPZ-4 199.4 0.0973 0.1200
3911 1 day 0.130
3921 3 day 0.152
3922 19.9 - 1,160
3897 5 day 0.127
3093 Tday 0.032
Analysis Method Mean 0.110 0.0845 0.188
Analysis Method Sample Standard Deviation 0.0533 0.0204 0.168
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7.4 Well Efficiency"

As discussed in Subsection 5.2.3, when the effects of partiai penetration are considered, the best estimate
of well efficiency is 28.3 percent. This is relatively inefficient for a recovery well which is expected to
be operated over many years. The efficiency of the test well is most easily evidenced by comparing the
drawdown in the piezometers to the drawdown in the test well. The drawdown exhibited by the
piezometers is consistent with distance in that it plots as a straight line on semi-log paper (Subsection
5.3.1). Based on the performance of the aquifer, a predicted drawdown at a distance of 1 foot from the
test well (approximately equal to the well’s effective radius) should be approximately 2.3 feet. During
the pumping test, however, the test well exhibited drawdown of up to 15 feet. This excessive drawdown
is attributable to head loss in either the sand pack, the well screen, or to flow within the well itself.
Because the test well was constructed without a piezometer in the sand pack, it is not possible to
determine whether the excessive drawdown is attributable specifically to the screen or the sand pack. Of
additional note is the fact that, following the momentary loss of the test pump on May 27, during the
CRT, the level in the test well never again achieved the full drawdown it had been exhibiting. It is
possible that the surging of the well on the loss of the test pump caused additional development of the
well.
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SECTION 8

RECOMMENDATIONS

The data received from the south plume pump test are to be used for two basic purposes: first, to verify
the design of the South Plume Recovery System; secondly to provide information which will be
incorporated into the groundwater model improvement plan.

8.1 Recovery System Recommendations

The South Plume Vertical Capture Letter Report (Harvey 1993b and Harvey 1993c) provided
recommendations (see Appendix D) on the construction and operation of the South Plume Recovery
System based on preliminary results on the pump test. The basic recommendations were:

1) The remaining four recovery wells should be constructed with a 40-foot screened interval. The
‘top of the screen should be set 6 feet below the mid-point of the water table seasonal level
variation.

2) The total initial pumping rate for the South Plume Recovery System should be 2,000 gpm for the
entire well field (all five recovery wells).

3) That additional testing be performed during the construction of the four remaining recovery wells -
to confirm the presence or absence of a layer of low permeability in the vicinity of the well field.

8.2 Groundwater Model Recommendations

Results of the pump test indicate that the values of horizontal conductivity in the groundwater model are
reasonable. Both boring logs and data analysis indicate that horizontal hydraulic conductivity in the upper
two layers of the model is between 400 and 500 ft/day. Conductivity will increase with depth with
values between 500 and 700 ft/day being a reasonable value for layers four and five of the groundwater
model in this area.

Pump test data indicate that the aquifer is anisotropic in this area however the ratio of vertical to
horizontal conductivity varies with location. General values are 0.14 - 0.17 with localized areas of 0.07 -
0.10 or greater due to siltier, fine-grained material.
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There is no indication that the confining layer of blue clay modeled as layer three in the groundwater
model extends as far south as the pump test location. Consistent with published values for a sand and

gravel aquifer and previously published studies of the area, the storage coefficient is in the range of 0.1
to 0.2.

f‘\
ERAFS1\VOL1:RSAPPS\RSDATA\ 0 7 8
OU-5\PO-37\PTREPORT 8-2 Rev. No.: 0



(Cooper and Jacob
1946)

(Dawson and

Istok 1991)

(DOE 1990a)

(DOE 1990b)

(DOE 1990c)

(DOE 1993a)

(DOE 1993b)

(Domenico and

Schwartz 1990)

(Driscoll 1986)

(Harvey 1993a)

¢ -4 3 9
SECTION 9

REFERENCES

Cooper, H.H. and C.E. Jacob, 1946. A generalized graphical method for
evaluating formation constants and summarizing well field history. Am.
. Geophys. Union Trans., Vol. 27, pp. 526-534.

Dawson, K., and Istok, J., 1991. Aquifer Testing: Design and Analysis of
Pumping and Slug Tests. Chelsea, MI: Lewis Publishers, Inc.

United States Department of Energy, December 1990. Grbundwater Report,
Feed Materials Production Center, Fernald Ohio, Remedial Investigation
and Feasibility Study. Oak Ridge, TN: U.S. DOE.

-—----—-, December 1990. Remedial Investigation Report for Operable Unit 5,
Task 6 Report. FMPC, Oak Ridge, TN: U.S. DOE.

. -----—----, November 1990. Engineering Evaluation/Cost Analysis South

Plume. FMPC, Oak Ridge, TN: U.S. DOE.

-----————-, March 1993. Sitewide Characterization Report. RI/FS. FEMP,
Oak Ridge, TN: U.S. DOE.

S , 1993. South Plume Groundwater Removal Action, Pump Test Work
Plan, Revision 2. U.S. DOE.

Domenico, P.A. and F.W. Schwartz, 1990. Physical and Chemical
Hydrogeology. New York: Wiley and Sons.

Driscoll, F.G., 1986. Groundwater and Wells. St. Paul, Minnesota: Johnson
Filtration Systems Inc. ‘

Harvey, B.F., June 9, 1993. PARSONS letter to A. Bomberger. Subject:
Analysis of South Plume Pump Test Data. PARSONS ID#: 05:037:100:
0445-93.

ERAFSI\VOLI:RSAPPS\RSDATA\

OU-5\PO-37\PTREPORT

9-1 079 Rev. No.: 0



yoeis

473 3

(Harvey 1993b)

{Harvey 1993c)

(Heath 1987)

(Kinney 1992)

(Kruseman and
de Ridder 1990)

(Papadopulos and
Cooper 1967)
(PARSONS 1993)

(Speiker 1968)

(Speiker 1968¢c)

(Uffink 1982)
(Walton 1987)

(WATEC 1993)

-------- , June 14, 1993. PARSONS letter to A. Bomberger. Subject: South
Plume Recovery System Vertical Capture Letter Report. PARSONS
ID#: 05:037:100:0457-93.

---------- , June 16, 1993. PARSONS letter to A. Bomberger. Subject:
Additional Information, South Plume Recovery System Vertical Capture
Letter Report. PARSONS ID#: 05:037:100:0471-93. .

Heath, R., 1987. Basic Groundwater Hydrology (United States Geological
Survey Water Supply Paper 2220). U.S. Government Printing Office. '

A.M. Kinney, November 20, 1992. .Speciﬁcation 02902-4506, South
Groundwater Contamination Plume Test Well System. Cincinnati:
WEMCO.

Kruseman, G.P. and N.A. de Ridder, 1990. Analysis and Evaluation of
Pumping Test Data, Second Edition. Bulletin 11, Wageningen, The
Netherlands: International Institute for Land Reclamation and
Improvement.

Papadopulos, 1.S., and H.H. Cooper, Jr, 1967. "Drawdown in a Well of Large
Diameter," Water Resource Research. Volume 3, No: 1, pp. 241-244.

PARSONS ERA Project,May 1993. South Plume Groundwater Recovery System
Pump Test Contingency Plan. Fairfield, Ohio: PARSONS.

Speiker, A.M., 1968. Groundwater Hydrology and Geology of the Lower Great
Miami River Valley, Ohio. USGS Professional Paper 605-A.

--—-, 1968. Effects of Increased Pumping of Groundwater in the Fairfield-New
Baltimore Area, Ohio - a Prediction by Analog-Model Study. USGS
Professional Paper 605-C.

Uffink, G.J.M, 1982. Richtlijnen Voor Het Vitroeren Van Putproeven H,0.
Volume 15, pp. 202-205.

Walton, W.C., 1987. Groundwater Pumping Tests, Design, and Analysis.
Chelsea, MI: Lewis Publishers, Inc. :

Waste Abatement Technology, 1993. South Plume Package 2d - Test Well
System Data Package. Highland, Indiana: WATEC.

ERAFS1\VOL1:RSAPPS\RSDATA\ r 0 8 0

OU-5\PO-37\PTREPORT

9-2 Rev. No.: 0




T T TTmTTT TR e,

o~

AT
i~

RN



[ =~ 4733

APPENDIX A
#
DRAWDOWN/RECOVERY DATA
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This appendix contains raw data from all three portions of the pumping test. Printouts of electronic data
down-loaded from the Hermit 2000 data logger are provided as described in the table below. Manual
levels taken on the primary wells as backup data during the pumping test are also provided.

Test Step Doscfiption - Date Time Appendix
No. No. . Page
1 0 Step #1 (200 gpm) 5-18-93 14:25 Stepl
1 1 Step #2 (275 gpm) 5-18-93 16:14 Step5
1 2 Step #3 (350 gpm) 5-18-93 18:13 - Step9
1 3 Step #4 (425 gpm) 5-18-93 19:52 Step13
1 4 Step #6 (575 gpm) - 5-18-93 21:31 Step17
2. 0 Step #6 (750 gpm) 5-18-93 23:10 Step21
0 0 Constant Rate Test 5-25-93 10:17 Crtl
1 0 Recovery Period 6-1-93 16:48 Recoveryl
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