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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: 

Local hydrology and hydrogeology 
Aquifer test design 
Pumping rates and field procedures 
Pumping test implementation 
Data reduction and analytical methods 
Groundwater sampling and chemical analysis 
Conclusions 
Recommendations for additional activities to support the South Plume Recovery System 
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1.3 Person ne1 

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

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

Pete Yerace, Manager, CERCLAIRCRA Unit 5 
Kathi Nickel, Technical Support 
William Sidle, Technical Support 
John Kappa, Technical Support (MTC) 

2) 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 

3) F'ERMCO 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 

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

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

5)  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.) 

6) Observers: 
Mike Proffit, Ohio EPA 
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SECTION 2 

HYDROGEOLOGY 

A summary of the local hydrogklogy 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 pumping test site. 

The average discharge of the Great Miami River at the FEMP is estimated at 3,460 Wlsec, 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 W/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 @/set 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 ff/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 comer 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 
directly to 

Sewer Outfall Ditch historically conveyed surface water runoff from the Production Area 
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. 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. 

Groundwater enters the study area from three directions. 

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: 

1) 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 Recoverv Svstem 

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 1 14 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 400400 gallons per 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 
highdensity 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 PumDina Test TemDorarv ComDonents 

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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Component 

Test Pump 

Primary Flow MetedTotalizer 

Secondary Flow Meterrnotalker 

Diesel Generator 

Throttle Valve 

Table 3-1 - Pumping Test Components 

Description 

WORTHINGTON Model 1 0 H 7 S ,  600-900 gpm 
submersible pump with a 60 horsepower, 460 
volt, 3-phase motor 

YOKOGAWA - Johnson Model YFI 15 - 
ALSAIA-S3S3*C/FMF 6-inch Voltex flow 
meter 

McCROMETER, mechanical flow meter with 
totalizer 

300 KW 

8-inch gate manual valve 

elbow at the top of the well casing. Mounted on the top of the elbow was a 1M-inch combination air 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 wells. 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 Primarv 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 pumpingtest 
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 
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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 Secondarv Wells 

Those monitoring wells located far enough from the test site to preclude detailed analysis of their 
response 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 duringthe 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 

Automatic Level 

Continuous Level 

Manual Level 

Automatic Level 

~ 

Manual Level 

Description 

In Situ 
HERMIT Model SE 2000 
16 Channel data logger 

Stevens Type F 
Float recorder with quartz multi-speed timer 

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

In Situ 
HERMIT Model SE lOOOC 
2-channel data logger 

Staff Gage (3) in Paddy’s Run 

025 
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SECTION 4 

PUMPING TEST IMPLEMENTATION 

May 18, 1993 
1:45 p.m. 

2:25 p.m 

4:14 p.m. 

6:13 p.m. 

752  p.m. 

9:31 p.m. 

11:lO p.m. 

May 19, 1993 
00:49 a.m. 

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. Prlbr 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 

* 

Step Drawdown Test Chronology 

Commenced first step of step drawdown test. Due to improperly positioned 
throttle valve, initial flow rate exceeded 800 gpm. Secured the test pump and 
the step test. 

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. 

Completed Step 1 (Q = 200 gpm). Initiated Step 2 (Q = 275 gpm). Step 1 
duration: 109 minutes. 

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

Completed Step 3 (Q = 350 gpm). Initiated Step 4 (Q = 425 gpm). Step 3 
duration: 99 minutes. 

Completed Step 4 (Q = 425 gpm). Initiated Step 5 (Q = 575 gpm). Step 4 
duration: 99 minutes. 

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

Terminated Step 6, pump cavitation evident, well water level correlates to 
pump inlet elevation. Step 6 duration: 59 minutes. 

minutes. 

.~ 
Table 4-1 - Step Drawdown Test Chronology 
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Log Cycle 

1 

2 

3 

4 

5 

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. 

Elapsed Time Measurement Interval 

0-20 seconds 0.5 seconds 

20-60 seconds 1 second 

1-10 minutes 12 seconds 

10-100 minutes 2 minutes 

> 100 minutes 20 minutes 

Table 4-2 - Logarithmic Sampling Cycle 

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 beginning 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 f 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 timedrawdown plot for the CRT. 
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May 25, 1 9 9 3  
1O:lO a.m. 

May 28, 1 9 9 3  
455  a.m. 

May 29, 1 9 9 3  

May 30, 1 9 9 3  
8:OO a.m. 

9:OO a.m. 

250 p.m. 

June 1, 1 9 9 3  
4:48 p.m. 

June 5, 1 9 9 3  
7:28 a.m. 

Table 4-3 - Constant Rate Test and Recovery Period Chronology 

Commenced CRT, initial flow rate of 600-700 gpm throttled to a steady 
discharge rate of 425 gpm within 1 minute. 

Test pump was inadvertently shut down for approximately 20 seconds following 
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. 

The water level in the test well stabilizes approximately 2 feet higher than it was 
prior to the pump shutdown. 

~~ 

The data logger indicated level in the test well has deviated from manual levels 
by a total of 0.9 feet. 

A two channel data logger (Hermit 1 0 0 0 )  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. 

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. 

Completed Constant Rate Test, stopped the test pump. Started the recovery 
period, began collecting recovery data. 

Terminated data collection for the recovery period. 

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. 
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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 Backaround 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 (<O. 1 
inches) occurred during the remainder of the pumping test through June 4, when a rainfall of 0.8 1 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 Wday 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. 
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Date 

5/17 

5/18 

5/19 

5/20 

512 1 

5/22 

5/23 

5/24 

5/25 

Table 5-1 - Daily Change in Water Table 

3897 I 2093 3093 

DTW’ 

68.40 

68.34 

68.47 

68.42 

68.58 

68.46 0.12 66.94 -0.02 66.66 0.04 

68.36 0.10 66.84 0.10 66.54 0.12 

68.44 -0.08 66.90 -0.06 66.60 -0.06 

68.52 -0.08 67.00- -0.10 66.71 -0.1 1 

change2 

0.06 

-0.13 

0.05 1 66.88 I 0.02 I 66.60 I 0.02 

DTW‘ Change’ DTW’ change2 

66.88 66.60 

66.80 0.08 66.52 0.08 

66.90 -0.10 66.62 -0. IO 

Average Daily Change (Wday) -0.0150 

-0.16 I 66.92 I -0.04 I 66.70 I -0. IO 

-0.0150 -0.0138 

Notes: 
. I  DTW = depth to water level measured from top of casing (ft) 

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

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 aqd 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 Loaaer 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 oQer 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. 

. ~ ,  . 5. I 
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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-Eaualization 

During portions of the pump test, piezometers SPPZ-2B and SPPZ-2G (39 12 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. 
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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 Discharae 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 small 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 
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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. ' 

Distance from Test Well 

Observed average drawdown 
following step four (425 gpm) 

Table 5-2 - Observed Drawdown 

200 Feet 25 Feet 50 Feet 
(SPPZ-2A, 2C, W P ~ 1 , 3 , 5 )  (SPPZ-4) 

2D) 

.558 .635 feet .267 feet 

5.2.2 SDecific Caoacity 

SC was calculated according to the following relation: 

sc = Q/s 

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. 
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. Table 5-3 - Summary of Specific Capacities 

Step 

1 

2 

3 

4 

5 

Pumping Rate Incremental Drawdown, Drawdown, s Specific Capacity, 
&Pm) AS, (ft) (feet) Q/s kpm) 

Q 
200 5.8 5.8 34.5 

275 3.4 9.2 29.9 

350 3.1 12.3 28.5 

425 2.9 15.2 28.0 

575 7.5 22.7 25.3 
~~~ ~ 

5.2.3 Well Eff iciencv 

Well Efficiencv from SteD 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: 

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

Therefore SC (theoretical) = 251 gpm/ft. 

True well efficiency (E,,,) 'can then be,calculated for the conditions experienced 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 Eficiencv from Constant Rate Test Data 

An altemate 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 distancedrawdown fit is described by: 

S, = m l o g x  +b  

where: 
rn = slope of the line = .7112 (Wdecade) 
x = distance from the pumping well (ft) 
b = constant = 2.34 (ft) 
S, = theoretical drawdown = 2.34 (ft) 
So = actual drawdown in the test well after 5 days of pumping (ft) 
SI = .7112 log 1 = 2.34 = 2.34 

To correct for the effects of partial penetration, 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). 

s: = SI + s, S’; = 2.34 + 1.72 = 4.06 

where 

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

Well efficiency during the constant rate test can then be calculated: 
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E, = - 4-06 * 100 = 28.3 percent 
14.35 

This cdculated value for well efficiency provides a good estimate of the actual well performance. 

*at pumping time = 5 days and discharge = 425 gpm 

Well Efficiencv Estimated bv 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 + C@ 

where: 
B = Linear well loss coefficient = 0.0254 (Figure 5-1) 
C = Nonlinear well loss coefficient' = 2.5 x IO5 
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=O. 

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

c = 2.5 1 0 - 5  

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

... 
' 4  

,c . ; ._I 
Y 
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L = [ BQ ] * 100 = 70 percent 
BQ+ CQ2 

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 timedrawdown 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, timedischarge 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 distancedrawdown 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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Well 
No. 

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). 

Correction Factor 
Distance Drawdown (Drawdown divided by Corrected Change 

Drawdown (ft) (ft) Initial saturated thickness) (ft) 

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 391 1 below. ’ 

391 1 

3922 

s2 

2 0  
SI = s - (-1 

19.9 1.517 0.0158 1 S O 5  0.8 

199.4 0.879 0.0092 0.875 0.5 

S I  = 1.517 - (- 1*5172) = 1.505 feet 
(2)(96) 

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 I percent change in the observed 
drawdown occurs due to dewatering. 

Table 5-4 - Sample Drawdown Calculations for Unconfined Conditions 

Another consideration in using the Jacob distancedrawdown 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 strongest 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 distancedrawdown 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 (391 1 ,  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. 

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: 

528 * Q 
A s  

T =  

T =  528 * 425 = 315,510 gpdfeer 
.7112 

Horizontal conductivity (Kh) is calculated: 

Kh = 315~500 = 439jeerldq 
96 * 7.48 

Kh = 
1 

D * 7.48 

Zerodrawdown intercept (ro) is calculated: 

.7112 - 
ro = 102.337 = 1,932 feet 

The storage coefficient (S) is then calculated: 

0.3 * 315,510 * 5 = o.127 S =  
1,932* 

. .  
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. .  

1.87 r2S  
T t  

u =  (Driscoll 1986, pg. 218) 

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 = 5 days is shown below. The dimensionless 
well parameter (u) is then calculated: 

Timedistance data with "u" values >O. 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 (gpdlft) 
Q = discharge = 425 (gpm) 
As = graph slope taken as the x-coefficient from the data regression (ft/log cycle) 
K,, = horizontal hydraulic conductivity (Wday) 
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) 

O 

Figure 5-7 shows the distance drawdown plots for each time period. It c'an be seen from these plots that 
well 3093 at 1, 3, and 5 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 (391 1 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 Fittincr 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, lip, 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 analysis. Sample calculations are shown for 
Well 3923 (Kruseman and de Ridder 1990, pg. 170-171): 

Q= 425 gal ~ fr’ * 1’440min = 81,818 fi3/day 
min 7.48 gal day 

Kh = Q WB 
4 x  (b,/D)sD 

= 510 8 18 18 X 1.74 
4 * x * .417 *.550 *96 

Kh = 

4 * 49435 * 0.854 
(49.2)2 * 100 

sy = 

Kv - B D ~  
Kh r2 

.20 * (96y 
(49.2)2 

= .76 

bl - = 40fi/96j? = .417 
D 

= 0.698 

where: 
K, = vertical hydraulic conductivity (ft/day) 
K,, = horizontal hydraulic conductivity @/day) 
D = original saturated aquifer thickness (ft) 
W, = well functions for late and early time 
Q = discharge rate = 81,818 @/day 
S,, = 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) 
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t = match point time 
Z/pB = match point value 
W, = match point well function value 

5.3.3 Neuman Curve Fittina 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: 

b d z  W(uqU By S /S - - -) 
A y' D y  D y  D 

s =  
4 x K h D  

- 
ua - 

where: 

r2SA r2  SY 
y u b = -  

4 K h D t  4 Kh Dt 

s = drawdown (ft) 
Q = discharge (ff/day) 
t = time 
K,, = horizontal hydraulic conductivity (ft/day) 
W(u,. . .) = Well function based on six independent dimensionless parameters 
S, = specific yield (dimensionless) 
SA = 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) 
2 = distance from bottom of monitor well to bottom of aquifer (ft) 
T = transmissivity (ft2/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 pawson and Istok 1991). 

.+. ... . 
._ ?-* 2;: . 
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Neuman analysis allows the generation of individual type curves for each piezometer based on piezometer 
depth and distance from &e test well. Neuman curve fitting was performed using the AQTESOLV 
(Aquifer Test Solver) software package, Version 1.10 by Geraghty & Miller, Inc. AQTESOLV 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. 

AQTESOLV 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 AQTESOLV 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 (KJK,,) which are shown for Well 3910 below: 

T* 1440 
D 

Kh = 

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 AQTESOLV software. 
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5.3.4 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-Streltsovacurve-fitting method uses the same 
equations as those for Streltsova which are previously listed. 

The effects of storage on drawdown can be neglected if: 

(Papadopulos and Cooper 1967) 

t > (2.5 x ld)(.67) 2" A = 39 minutes 
40,320 

where: 
t = pumping time (minutes) 
T = transmissivity = 40,320 ftz/day (assumed) 
r,' = well casing radius = .67 feet (conservative) 

This meansthat 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. 
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Table 5-8 - Comparison of Condition Values (Boulton-Streltsova) 

Parameter Used Definition Actual Test 
For Curve Condition 

r/r, 

bl/D I 

50 Distance to Monitor Well 50 
Radius at Pumped Well** 

0.4 

r 

Well DeDth 
Aquifer Thickness 

Monitoring 
Well 

3910 

392 1 

0.417 

Previous 
Designation 

SPPZ-1 

SPPZ-3 

d/D I 

Distance 

47.5 

48.4 

0 

Horizontal Conductivity (ft/day) 

S treltsova . Boulton-Streltsova 

1 02 342 

13 1 376 

~~ 

TOW* to TOS* 
Aquifer Thickness 

3923 SPPZ-5 
- 

b2/D I 0.2 Monitor Well DeDth 
Aquifer Thickness I 0.417 

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

The best B value on the Boulton-Streltsovacurves 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 

49.2 I 120 I 229 II 
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. 

1 -s A 

. I  

ERAFSl\VOLl :RSAPPSRSDATA\ 
OU-S\F'O-37\lTREPORT 

06f  
5-32 Rev. No.: 0 



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). 

During the recovery period, potentiometric head data was collected (referred to as residual drawdown) 
for 1 1  observation wells and the test well with transduceddata 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: 

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 (€t2/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 applicable in unconfined aquifers for late-time recovery data and can be used if the well is only 
partially penetrating if: 

t‘,tp > I O D ~ S / T  = .457days 

where: 
T = transmissivity = 40,320 ft2/day 
D = aquifer thickness (original) = 96 feet 
S = storativity = .20 

l>. ‘r. .. 
4 
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Using the Theis recovery methid, a graphical relationship (Figure 5-6) exists such that: 

I - 35.29 * Q . AS - 
T 

T =  35*29 * 425 = 42,869 jX2/lday (for Well 3921) 
.3499 

Figure 5i9 is a semi-logarithmic plot of residual drawdown versus the ratio of t/t’ for SPPZ-3 and is 
presented 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: 

Kh = T/D 

42,869 
96 

Kh = - = 446 jtlday (for Well 3921) 

Table 5-10 summarizes the calculations for T and K from the recovery data using the Theis recovery 
method. 
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Table 5-10 - Results of Theis Recovery Method 
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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 FClOOO 
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. 

7 
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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 pg/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 

Previous 

SPPZ- 1 

11 3911 I SPPZ-2A I 110 I 19.9 

11 3912 I SPPZ-2B I 120 I 24.2 

3916 SPPZ-2c 130 29.2 

3917 SPPZ-2D 1 40 25.1 

3918 SPPZ-2E 150 24.3 

4920 SPPZ-2G 166 29.7 

392 1 SPPZ-3 110 48.3 

3922 SPPZ-4 110 199.4 

3923 SPPZ-5 110 49.2 8.3 I 7.0 

6.3 Temperature, pH, and Specific Conductance 

Test pump discharge temperature, 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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Figure 6-2 - Total Uranium Concentration Versus Time 
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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 KJK, 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. 

where 

X - = maximum value 
X min = minimum value 
X Bve = average value 
6 = 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 ftlday. 
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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-feetdeep 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 Wday. 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 5). 

Variation with DeDth 

The Neuman analysis indicated that the horizontal hydraulic conductivity at depths of 130, 140, and 150 
feet BGS to be 470, 525, and 672 Wday 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 ftlday) 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 (feedday) 

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 i d  Streltsova) showed a high level of 
correlation for the values of KJK, 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 KJK,, 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 391 1 showed the highest ratio of K & ,  at 0.5778 by Neuman while 3922 had the lowest 
calculated value of 0.01 16. These values are correlated by the Streltsova analysis. The relatively large 
range in IC/& 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,,/Kd 

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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Distance 
(fat) 

19.9 

Jacob 
Distance- 

Drawdown 

S treltsova 

0.1141 

Neuman 

0.49 

SPPZ-2c 

SPPZ-2D 

29.2 

25.1 

SPPZ-3 

SPPZ-5 

48.3 

49.2 

The specific yield in this area was previously determined to be between 0.1 and 0.2 (Speiker 1968~). 
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 
Well 

Number(s) 

Previous 
designation or 

time of 
analysis 

SPPZ-2A 391 1 

3916 I 0.0440 

3917 0.0217 

0.0 177 3918 I 24.3 I SPPZ-2E 

3910 I SPPZ- 1 I 47.5 0.0676 0.2598 

0.3121 0.0736 392 1 

3923 0.0698 0.2421 

0.0973 3922 SPPZ-4 I 199.4 I 
391 1 

392 1 
3922 

3897 

3093 

I 0.130 

3 day I 0.152 

19.9 - 1,160 

0.127 

0.032 

Analysis Method Mean I 0.110 0.0845 0.188 

0.0204 0.168 Analysis Method Sample Standard Deviation 0.0533 
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7.4 Well Efficiency 

As discussed in Subsection 5.2.3, when the effects of partial 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 io 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 @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 Wday. 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. 
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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. 

1 

1 

1 

Description 
Test 
No. 

0 Step #I (200 gpm) 5- 18-93 14:25 Step1 

1 Step #2 (275 gpm) 5- 18-93 16: 14 Step5 

2 Step #3 (350 gpm) 5- 18-93 18:13 . Step9 

Appendix 1 Date 1 Time I 
page 

1 

1 

2 

0 

1 

~ 

3 Step #4 (425 gpm) 5-1 8-93 1952 Step 13 

4 Step #6 (575 gpm) 5- 18-93 21 :3 1 Step17 

0 Step #6 (750 gpm) 5-18-93 23: 10 Step21 

0 Constant Rate Test 5-25-93 10: 17 cr t  1 

0 Recovery Period 6- 1-93 16:48 Recovery 1 
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MANUAL WATER LEVELS AND FLOW DATA 
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OROJECT : FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
FERNALD, OHIO 

PAGE 1 OF 80 

1.31 
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H 33  
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4. --:. . 49 33 
c .... . 

2897 
2899 
2880 
201 5 

05/15/93 ~~ 9:30 a 68.34’ TEASING 
05/15/93 9:30 a 71.55’ T/CASI NG 
05/15/93 9:30 a 62.34’ T/CASING 
05/15/93 - - - - _------ --------- 

135 
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PAGE 6 OF 80 

SPPZ-1 05/14/93 250 p 73.74' T/C AS I N G 
2097 n!i/14/93 - - - - ------- --------- 



-&-.4*633 - .  

PAGE 7 OF 80 

SPPZ-2a 05/ 
SPPZ-2d 05/ 

SPPZ-2c 05/ 
SPPZ-2b 051 

SPPZ-3 05/ 
SPPZ-4 05/ 
SPPZ-1 051 

SPPZ-2g 05/ 

SPPZ-2e 05/ 

201 5 05/ 

- 
1 - 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 

j 
- 

j 
- 
- 

2897 05/ 
2899 I 05/ 

.... . 

1 
1 
1 
1 
1 
1 
1 
1 
1 

- 

- 
- 

- 
1 

1 
637 



. .  . - .  . .  
. - .  .- . 

PAGE 8 OF 80 

SPPZ-2d 05/15/93 12~38 p 71.12 T/CASI N G 
SPPZ-2g 05/15/93 12:40 p 73.665' T/CASING 
SPPZ-2c 05/15/93 12~41 p 70.0' T/C AS I N G 

------- --------- SPPZ-2b 05/15/93 - - - - 

SPPZ-3 ' 05/15/93 12:43 p ' 71 55' T/CASING 
SPPZ-4 05/15/93 12145 p 72.485' T/CAP 
SPPZ- 1 05/15/93 12:47 D 74.3' TEASING 

I --------- I I I 2015 I 05/15/93 I ---- - - - - - - - 
3 



PAGE 9 OF 80 

15/93 ' 2:Ol p 74.73' T/CASiNG - 3 

15/93 2:02 p 71.11' T/C AS I N G 
15/93 2:04 p 73.67' T/C AS I N G 
15/93 2:05 p 70.0' T/CASI N G 

------- --------- 15/93 ' 
---- 

SPPZ-2g 05/ 

SPPZ-2e 05/ 

SPPZ-2~ 05/ 
-SPPZ-% 05/ 

SPPZ-3 05/ 
SPPZ-4 05/ 
SPPZ-1 05/ 

. 2897 05/ 
2899 05/ 
2880 05/ 
2015; 05/ 

6/93 8:20 a 72.02' T/CASING 
6/93 8:25 a 73.73' T/CASING 
6/93 8:26 a 70.38' T/C AS I N G 
6/93 8:27 a 73.64' TEAS I NG 
6/93 8:29 a 69.2' T/CASI NG 

------- --------- 16/93 
16/93 
16/93 8:30 a 70.845' T/CASI NG 
16/93 8:32 a 72.1 75' T/CAP 
16/93 8134 a 73.485' T/CASI NG 
16/93 
16/93 
16/93 

---- 
---- ------- --------- 

------- --------- ---- 
---- 
---- 

---c--- _-------- 
------- --------- 
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PAGE 11 OF 80 

SPPZ-4 05/18/93 4141 p 72.20’ T/CAP 
SPPZ-1 05/18/93 4144 p 73.78’ T/CAS I NG 

2002 05/18/93 4147 D 66.28’ T/CAS I NG 

1.41 



.- 

1 .42  



_- 

PAGE 13 OF 80 



- -  b- 44 33 

SPPZ-5 
SPPZ-a 

. .. 

'05/18/93 I 11:12p I 72.84' T/C AS I N G 
05/18/93 I 11~15 D I 74.87' I TEASING 

SPPZ-2g 
SPPZ-2~ 
SPPZ-a 

OW1 8/93 1 1 :18 p 74.35' T/CASING 
05/18/93 11 121 p 70.06' T/CAS I NG 
091 8/93 11 11 9 D 70.98' TEAS1 NG 

SPPZ-2e 
. SPPZ-3 
SPPZ-4 
SPPZ- 1 

2002 

I' I44 

05/18/93 11 120 p 72.58' T/CAS I N G 
05/1 8/93 11 122 p 71 S95' T/CASING 
05/18/93 11 :24 p 72.46' T/CAP 
05/18/93 11 :26 p 74.48' T/CASING 
05/1 8/93 11 129 D 66.505' T/CASI NG 



i 6- 
PAGE 15 OF 80' 

. .  

4'3 3s 



i 1.46 



7 47 33 

PAGE 17 OF 80 

SPPZ-4 05/25/93 2:37 p 72.48’ T/CAP 
SPPZ-1 05/25/93 2140 p 74.21 5’ T/CASING 

2002 05/25/93 2:38 D 66.52’ T/CASING 

” 1 4 7  
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.- 

\ 1.48 
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1.53 
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I SPPZ-Gi 05/26/93 i 5:44a i 70.1 5' I TICASING 
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I 5 9  
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. ... - 

, 

-. -- - -  
SPPZ-G ' 05/27/93 ' 315 a 70.29' T/CASING 
sPPZ-2b 05/27/93 312 a 77.965' T/CAS I NG 
sPPZ-2e 05/27/93 314 a 72.07' T/CASING 
SPPZ-3 05/27/93 517 a 71.075' T/CASING 
SPPZ-4 05/27/93 320 a 72.025' T/CAP 



PAGE 33 OF 80 . .  . -- 4 Y83 

,-. ,- 
' I ?, I63  



... . 

1 RW #4 I 05/28/93 I 2:04 a I 90.06' I TEASING I 
I SPPZ-5 i 05/28/93 i 2:06 a i 73.1 95' I TIC ASI NG 

64 . 



y 4733 . .. 
. .  

. .. 
. .  . 
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PAGE 36 OF 80 

.... . . .  

I RW #4 I 05/28/93 I 7:03 D I 87.92' I T/CASI NG I 



47 33 

1.67 
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f69  
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. ... . . 
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. E70 
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PAGE 41 OF $40 . . .-- . . - -  -- 

I RW #4 I 05/30/93 I 2:02 a I 88.1 85' I TEASING I 



... 

PAGE 42 OF 80 
& 47.33 

. .  

* In-Situ Hermit 1000 
** In -Situ Hermit 2000 



* RW #4 05/30/93 5100 p 88.1 5’ T/CASI N G 
SPPZ-5 05/30/93 5103 p 73.295’ T/CASING 
SPPZ-2a 05/30/93 5 1 0 4 ~  75.22’ T/CASING 
SPPZ-2d 05/30/93 5105 p 71.61 ’ TEASING 

74.1 1 ’ TEASING 

4 

In-Situ Hermit 1000 
** In-Situ Hermit 2000 

i . . ,  . .  



... 

+ In-Situ Hermit 1000 
:* In-Situ Hermit 2000 1.7 4 



f ' 

I .... , - ___.. 

In-Situ Hermit 1000 
&* In-Situ Hermjt 2000 

:: .: 
' 1 7 5  



c 

r k '  k 473s 

. -  .- 

In-Situ Hermit 1000 
** In -Situ Hermit 2000 



f -* . . .:- 

.C 

In-Situ Hermit 1000 
** In-Situ Hermit 2000 

-47 33 
43 ni 



. .  

PAGE 48 OF 80 
I .)' .4'733' . 

-* In-Situ Hermit 1000 
** In-Situ Hermit 2000 



:* &.-. 49 33 
PAGE 49 OF 80i - 

I ** RW #4 I 05/31/93 I 8:OO D I 87.240' I T/CASl NG I 

-*-In-Situ Hermit 1000 
** In-Situ Hermit 2000 

r 

479 



* In-Situ Hermit 1000 
** In-Situ Hermit 2000 



- 
PAGE51 OF80 - 

** RW #4 06/01/93 359 a 87.1 45' T/CASING 
* RW #4 06/01/93 3:59 a 87.95' T/CASI NG 

- '4'533 

In-Situ Hermit 1000 
3* In-Situ Hermit 2000 



- 
In-Situ Hermit 1000 

** In-Situ Hermit 2000 
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* In-Situ Hermit 1000 
** In-Situ Hermit 2000 



_.. . 

In-Situ Hermit 1000 
** In-Situ Hermit 2000 



I s p p z - 4  06/01/93 i 4 : s b  i 72.935' I T/C AS I N G 

In-Situ Hermit .IO00 
** In-Situ Hermit2000 

'. 185 



. .  PAGE 56 OF 80 

SPPZ-3 
SPPZ-4 
SPPZ-1 

2002 

I SPPZ-2e i 06/01/93 i 7:06b i 72.74' I T/CASI N G 
06/01/93 7:08p 71.71 ' T/CAS I NG 
06/01/93 7 1 0 9 ~  73.00' T/CAP 
06/01/93 7:13p 74.33' T/C AS1 NG 
06/01/93 7111 D 67.04' T/C AS I N G 

* RW #4 
SPPZ-5 
SPPZ-2a 

06/01/93 7:44 p 71.23' T/C AS IN G 
06/01/93 7130 p 72.865' T/CASING 
06/01/93 7131 D 74.58' T/CAS I NG 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 
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PAGE 57 OF €IO 

I **RW #4l  06/01/93 I 8 : 1 3 ~  I 70.360’ I T/C AS I N G I 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 

.I ~ .’<, I 1.87 
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* In-Situ Hermit 1000 
** In-Situ Hermit 2000 

1.88 



SPPZ-2b 06/02/93 ---- 74.207’ 
SPPZ-2e 06/02/93 ---- 72.452’ 
SPPZ-3 06/02/93 ---- 71 547’ 
SPPZ-4 06/02/93 ---- 72.075’ 
SPPZ-1 06/02/93 ---- 74.1 73’ 

2002 06/02/93 12:00a 66.978’ 

-4733 -. 

T/CASING 
T/C AS I N G 
T/C AS I N G 

T/CAP 
T/C AS I N G 
T/CASI N G 

* In-Situ Hermit 1000 
** In-Situ Hermif2000 1.89 



* . .  

I' 47 33 

SPPZ-4 06/02/93 2:16 a 
SPPZ- 1 06/02/93 2:18 a 

2002 06/02/93 2:20 a 

72.855' T/CAP 
74.1 7' T/CASI NG 
66.925' T/C AS I N G 

In-Situ Hermit 1000 
** In-Situ Hermit 2000 



. .  ... . 
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. .. 

4 1 3 3  

* In-Situ H,ermit 1000 
** In-Situ Hermit 2000 .. , 

191 



. .. 

- .  . 
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* In-Situ Hermit 1000 
** In-Situ Hermit 2000 19.2 



. .  

I.r_ 

t .  . 

4733 

* In-Situ Hermit 1000 
. ** In-Situ Hermit 2000 . ‘ 193 



4 

. .. 

w 41 33. 
c- L' 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 1.94 
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.- 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 



9 

5 .-’ 4733 - 1  
PAGE 66 OF 80 

** RW #4 
* RW #4 
SPPZ-5 
SPPZ-2a 
SPPZ-2d 
SPPZ-29 
sPPz-2C 

70.1 38’ I T/CASING I 

06/02/93 2:16 p 70.1 06’ T/C AS I N G 
06/02/93 2:16 p 70.94’ T/C AS I N G 
06/02/93 2 1 0 0 ~  72.605’ T/CASI NG 
06/02/93 2101 p 74.31 ’ T/CASING 
06/02/93 2102 p 70.97’ T/CASING 
06/02/93 2 1 0 3 ~  74.1 35’ TEASING 
06/02/93 2107 D 69.765’ TEASING 

.- 

~~ 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 

’ 196 
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In-Situ Hermit 1000 
** In-Situ Hermit 2000 

4.97 



i-  4433 - 
PAGE 68 OF 80 

In-Situ Hermit 1000 
** In -Situ Hermit 2000 

i 



.. b- - I .  
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4 1 3 3  

SPPZ-2d 
SPPZ-29 
SPPZ-2c 
SPPZ-2b 

06/02/93 1 1  103 p 70.92 T/CASI N G 
06/02/93 1 1  :05 p 74.1 2' T/CASING 
06/02/93 11:09p 69.72 T/CASING 
06/02/93 11 106 D 73.86' TEASING 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 



PAGE 70 OF 80 

r 

In-Situ Hermit 1000 . 
** In-Situ Hermit 2000 



t -  

PAGE 71 OF 80 

I **RW#41 06/03/93 I 5 0 0 a  I 70.027' I T/C AS I N G I 

4 1 3 3  

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 

201 
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_- 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 2b2 . .  . .  

. .  



-4733 - w .  
b 

PAGE 73 OF 80 

** RW #4 I 06/03/93 12:Ol p 70.01 1 ’ T/CASING 
* RW #4 I 06/03/93 12:Ol D 70.85’ T/CASI N G 

2002 I 06/03/93 I 2:15 p I 66.735’ T/CASING 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 
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-- 

In-Situ Hermit 1000 
** In-Situ Hermit 2000 

204 



n 

PAGE 75 OF 80 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 

r 

205 



* In-Situ Hermit 1000 
** In-Situ Hermit 2000 

206 
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In-Situ Hermit 1000 
** In-Situ Hermit 2000 

. .. 
,-.,: ;. 

' 207 



.- 

SPPZ-4 
SPPZ-1 

2002 

06/04/93 5:22a 72.645' T/CAP 
06/04/93 324 a 73.94' T/CASI N G 
06/04/93 326 a 66.745' T/CASING 

' 1 '  208 



-- 

* In-Situ Hermit 1000 
** In-Situ Hermit 2000 

SPPZ-2g' 06/04/93 8:06a ' 74.08' TICASING 
SPPZ,-2c 06/04/93 8: l l  a 69.64' T/CAS I NG 
SPPZ-2b 06/04/93 8:09 a 73.38' T/CAS I NG 
SPPZ-2e 06/04/93 8:09 a 72.33 T/CASI NG 
SPPZ-3 06/04/93 8:12a 71.29' T/C AS I N G 
SPPZ-4 06/04/93 8:14a 72.62' TEAP 

209 
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** RW #4 
* RW #4 

PAGE 80 OF 80 

~ ~ ~~~~ 

06/04/93 11:31 a - 69.964' T/CAS I NG 
06/04/93 11 :31 a 79.79' T/CASING 

'-* In-Situ Hermit 1000 
** In-Situ Hermit 2000 
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South Plume PumD Test 

. Time -7imim 
1022 AM 
1037 AM 
1052 AM 
11:lOAM 
11:22AM 
11:40 AM 
11:s  AM 
1225 PM 
12:40 PM 
12:s  PM 
01:lO PM 
01:25 PM 
01 :55 PM 
02:lO PM 
02% PM 
02:40 PM 
02:s  PM 
03:lO PM 
03% PM 
03:40 PM 
03:s PM 
04:lO PM 
04% PM 
04:40 PM 
04:s PM 
0510 PM 
0525 PM 
0540 PM 
05:s PM 
06:lO PM 
06% PM 
0630 PM 
06:s PM 
07:lO PM 
07% PM 
07:40 PM 
07:s  PM 
08: lO PM 
08% PM 
08:40 PM 
0855 PM 
09:lO PM 
0925 PM 
09:40 PM 
0517 AM 
02:45 AM 
10:15 AM 
0 8 3  AM 
1155 AM 
07:44 AM 
lo:& AM 
07:40 AM 
1037 AM 
0823 AM 
10:45 AM 
08:18 AM 
0323 PM 

Analysis Results 
note: all analysis except Total Uranium are field analysis 

Test Well Discharcie 
Temp pH Spec&-nd DO Uranium(ug4) 

(C) (mS) . @pm) Filtered Unfilterec 
127 7.12 817 1.5 I 
127 
123 
13.4 
14.5 
13.6 
123 
13.3 
15.5 
16.3 
17.1 
17.8 
18.3 
18.8 
13.1 
121 

12 
125 
13.2 
14.2 
15.7 
16.9 

12 
123 
127 
13.5 
122 
124 
129 
13.4 

14 
14.8 
11.8 

12 
122 
123 
128 
13.1 

12 
121 
121 
121 
121 
11.7 
11.7 
11.6 
13.4 
127 
13.1 
13.2 
124 
124 
125 
127 
13.3 
127 
124 

6.97 
7.07 
7.12 
7.23 
7.18 
7.13 
7.2 

7.23 
7.24 
7.24 
7.25 
7.25 
7.25 
7.21 
7.17 
7.18 
7.23 
7.24 
7.29 
7.29 
7.29 
7.21 
7.24 
7.25 
7.27 
7.28 
7.28 
7.31 
7.34 
7.34 
7.3 

7.31 
7.32 
7.32 
7.35 
7.34 
7.36 
7.35 
7.35 
7.35 
7.34 
7.33 
7.32 
7.34 
7.15 
7.19 
7.04 
6.98 
7.32 

7 
7.31 
6.85 
7.08 
6.47 
7.24 
6.87 

845 
802 
801 
809 
825 
794 
802 
81 9 
835 
822 
824 
843 
840 
774 
813 
805 
793 
783 
771 
771 
762 
762 
769 
785 
770 
760 
787 
797 
771 
757 
773 
776 
781 
790 
774 
789 
766 
790 
793 
794 
810 
805 
804 
814 
843 
714 
723 
716 
714 
717 
71 7 
71 1 
71 0 
724 
710 
715 

0.5 
0.4 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.5 
0.4 
0.3 
0.2 
0.2 
0.2 
0.2 
0.3 
0.2 
0.2 

. 0.1 
0.1 
0.2 
0.2 
0.1 
0.1 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.1 
0.2 

3.01 
1.8 

3.02 
3.5 

3.38 
3.47 
296 
278 
3.6 

3.84 
3.7 

8.6 

6.7 

5.6 
6.1 
5.7 
5.5 
5.2 
5.1 

5 
5.3 
4.8 
5.3 

5 
4.6 
4.6 

13.4 7.27 701 3.75 I 4.7 

9 

6.9 

6.4 
6.3 
5.4 
5.6 

5 
5 
5 
5 

4.9 
5.4 
5.2 
4.5 

5 
4.7 

Parshall Flume Stream 

(C) (mS) (ppm) 
Temp pH SpecCond DO 

14.1 
13.6 
13.6 
14.4 
129 
16.2 
13.5 
14.8 
13.6 
17.1 
13.5 

7.41 
7.41 
7.38 
7.47 
7.48 
7.53 
7.19 
7.43 
7.25 
7.45 
7.33 

1.03 9.15 
695 8.79 
702 8.81 
678 8.7 
717 9.05 
735 8.47 
712 8.86 
685 8.7 
706 8.72 
745 8.31 
693 8.86 

16.4 7.45 672 8.38 
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@mpleted: 06102193 
Ravised: 06/18/03 

Total 
Houn 

I 

! 

Total Hours 
Wmd S w d  

Total P . m t  
H O U ~  Data 

E 
01 
02 
03 
04 
05 

W 
07 
OB 
09 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
-0 
- 

I 

lomoorahnu 

M a  
78 
78 
67 
73 
73 

77 
78 
86 
85 
8d 

81 
75 
61 
72 
78 

70 
71 
58 
5Q 
ea 

01 
71 

70 
63 

71 
TI 
84 
6€ 
81 
a€ 

22% 

72.7 

8( 

76 

S U M  

AVQ. 

MAX 

60 
80 
69 
!io 

52 
50 
51 
60 
50 

m 
57 
47 
41 
56 

50 
42 
52 
43 
41 

42 
45 
57 
04 
50 

42 
U 
00 
55 

59 
59 
59 
eo 

60 
60 
61 
61 
61 

61 
62 
62 
62 
63 

63 
e3 
04 
04 
64  

04 
65 
OS 
65 
at 

at 
at 
67 
67 
67 

FERMCO CLIMATOLOGICAL DATA 
Monmiy Summary: May 1 993 

h W P m  weaLhDf1yp.r 
CF) 1 Fog 3 Snow 

4 nd 
Av*rap. 5 Thundontorm 

1 
1 
1 
1 
1 

5 8 1  
58 5 
40 
42 1 
51 5 

49 
42 
40 
40 
37 

40 5 
41 
46 
54 
47 

44 1 
47 1 
55 
47 
52 5 

Snowz1Om 
-. , 

NUMBER OF DAYS: 
MaxTempema~m MhTemperalum 
290 I 6 3 2  S 9 2  I S O  

01 01 01 0 

Rain I Snow Avotap. 
0.00 I 0.01 29.34 
0.04 
0.05 
0.18 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
1.17 
0.38 
0.00 
0.52 

0.00 
0.00 
0.46 
0.05 
0.00 

0.05 
0.00 
0.01 
0.01 
0.00 

0.00 
0.00 
0.00 
0.00 
0.07 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

29.30 
20.20 
29.18 
29.34 

=.a 
29.37 
29.34 
29.40 
29.37 

29.30 
20.04 
29.04 
29 .0 
29.8 

29.20 
29.21 
29.02 
29.0 
29.14 

29.18 
'2o.a 
29.16 
29.12 
29.31 

29.40 
29.33 
29.25 
29.31 
29.19 

NORM. NORM. 
29.52 

2 8 . 0  
PRECIPITATION 
YEAR 1O.DATE: 

TOTAL NORM 
16.40 1 7 . P  

Latitud.: 39" 17' N 
Longitude: 84' 41 ' W 
Elevation: 573 real 

Wmd I10 m b r  levoI) 

Rawllsnt 
D i u c m  

86 
lea 
140 
177 
258 

61 
92 
90 

217 
168 

277 
243 
24 

233 
231 

326 
253 
73 

332 
343 

257 
207 

. 197 
221 
302 

272 
210 
244 

36 
158 
300 

RewltMl Averago 
9-d I z: 

2.4 3.7 
1.4 
5.5 
4.6 
3.6 

1 .o 
2.3 
1 .s 
1 .7 
0.7 

1 .e 
2.4 
5.2 
3.3 
4.8 

2.4 
1.3 
1 .6 
4.7 
1.4 

1.1 
1.7 
6 3  
6.7 
4.1 

1.0 
2.0 
4.5 
5.1 
2.9 

3.2 
5.7 
5.5 
3.8 

2.2 
2.9 
2.2 
2.1 
1 .a 

2.1 
9.2 
6.0 
3.5 
5.0 

2.8 
1.8 
2.8 
1.0 
2.9 

2.7 
2.0 
6.5 
6.8 
4.4 

2.2 
2.9 
5.0 
5.4 
4.2 

5.1 I 6.4 
FOR THE Ma 

6.2 
10.7 
10.8 
6.0 

5.6 
7.1 
4.3 
4.6 
4.4 

4.7 
8.1 
9.4 
6.4 
8.8 

8.7 
3.2 
6.6 
9.6 
5.2 

6.2 
3.8 

10.9 
8.9 
8.5 

4.8 
7.0 
8.8 
7.2 
7.8 

222 
171 
163 
222 

57 
78 
97 

181 
83 

273 
215 
32 

235 
237 

330 
227 
99 

339 
5 

31 8 
203 
197 
234 
332 

310 
199 

7 
57 

193 
11.91 315 

11.91 315 
rH: 

239 I 1.1 I 3.7 

- -  
Possible I Recovered I Rocevered I D 12.0 mph 

744 1 742 I 99.7 I 0 
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date 
01 
02 
03 
04 
05 

06 
07 
08 
09 

1.mP.M Dow Potnt WoaUmr Typos Pmmpltabon Pn- 
CF) CF) 1 Fog 3 Snow (In) (h) 

?Ha20 4 Had 
MM M h  A n r a p .  NON A V O ~ ~ Q O  6 mundenlonn Adn Snow Avorag. 

64 42 63 88 5 8 1  0.00 0.0 29.P 
5.9 47 54 00 44 0.02 0.0 29.17 
73 s 62 68 51 0.01 0.0 29.m 
64 56 eo 69 54 6 0.81 0 0  29.Q) 
a3 50 !n 69 49 000 0.0 29.19 

71 44 eo 69 48 0.00 0.0 2 9 3  
84 52 75 70 . 59 2 0.00 0.0 29 P 
08 71 00 70 65 2 000 0.0 29.11 
77 67 72 70 83 5 0 14 0.0 29 16 

Hwn HOWE Dah Whd Speed 
Possible R-red Remwred > l2.Omph 

720 719 99.9 0 

R.aJttant 
DimcUon 

331 
s3 
47 
88 

289 

229 
200 
217 
219 

NOTES: 
Ten meter wind speeds may k low 6. ID mbfbromo d beer on wind8 around the MebsMdogical Tower. 
Pmnnum madings sppscvm be b w  by aboutO.16irehes. on averaw. hom Um 1 st 0 Un 17th. 
The mimum average prennum d 29.47 inches oaurred on 06/17/83 during the 13th hour. 
The minimum average proasurn d 28.92 i n c h 8  oaame,d on 0 6 M / W  during Um 1 at how. 
PmcipiWon t~glr for Um t0U1 were M e n  fnxn an dbmate gage due lo problems with Um primsrv gage. 
Pledpitation walr for me 14th w quo.tioclabb due ID equipment limitations during mii heavy rsin event 
Cdbmtionchedrson Um primarv rain gage were podonnod on Um 16th. 17th. 18th. and 21.t 
Prennum data b iruxcumte. and Ihemfom is not mpofted from the evening ot (he 17th through the 30th. 
The Dew Point sBnaor waa dikonnec(ed tor mpatm (Le. mctbsrging) on the 28m. 
The record high for Juno -wed h lW8 at 102 'F. 
The record low for J u n  OOQLlred m 1072al39 'F. 
The highest recorded rainfnE amount tor June m 7.36 inches. measured in 1977. 
The bwast recorded rainfall amount tor Jwe b 0.95 inches, measured in 1965. 

ReaJttant A n r a g .  Peak 
9-d 9-d S p e d  DLRcbon 

2.6 2 .o 6.7 338 
2.0 2.9 6.3 58 
2.9 3.1 4.8 55 
3.6 4.5 7.6 59 
4.7 5.0 7.9 287 

1 .8 2.2 4.3 a19 
2.1 2.5 5.8 200 
5.2 5.3 9.6 208 
5.4 5.6 7.5 21 7 
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6 120 South Gilmore Road 
Fairfield Executive Center 
Fairfield. OH 450 14 

Fax (5 13) 870-0444 
(5 13) 870-0300 June 14, 1993 

PARSONS ID#:05:037:100:0457-93 

Mr. Arthur K. Bomberger 
CERCLA/RCRA Unit 5 Director 
Fernald Environmental 
Restoration Management Corporation 
P. 0. Box 398704 
Cincinnati, Ohio 45239-8704 

Sub] ect : South Plume Recovery System Vertical Capture Letter 
Report 
Project Order 37 
Technical and Project Management Support for CRU-5 
FERMCO Subcontract #2-21487 
PARSONS Environmental Remedial Action Project 

Dear Mr. Bomberger: 

This letter, submitted ahead of schedule, provides PARSONS 
recommendations for completion of the South Plume Recovery System well 
field. This letter assesses preliminary pump test results, and 
recommends an initial pumping rate for the South Plume Recovery 

lengths and depths of the screened interval for the remaining four 
South Plume recovery wells. 

. System. This letter, also, confirms the previously recommended 

Based on preliminary calculations of the data received during the 
constant rate test and the recovery period portions of the South Plume 
pump test, the horizontal hydraulic conductivity (Kh) in the vicinity 
of well 3927 is approximately 350-700 ft/day. This value is within 
the approximate upper and lower bounds (787 and 315 ft/day) 
.established (by the SWIFT computer code) for K, to provide for capture 
of the South Plume at a combined total pumping rate of 2000 gpm as 
presented in the South Plume Removal Action Groundwater Modeling 
Report (SPMR). Calculations for Kh were performed on the constant 
rate test data using Streltsova's curve matching method, and on data 
from the recovery period using the Theis recovery method. These 
calculations are sufficient to make the following recommendations. 

1) The remaining four recovery wells should be constructed with a 
40 foot screened interval. The top of the screen should be 6 
feet below the current water level at each of the recovery 
well locations. This placement accounts for drawdown 
associated with steady state pumping in the well during 
recovery operations'and fluctuations in the local water table 
due to seasonal variations. 

2 )  Establish an initial pumping rate of 2000 gpm (400 gpm per 
recovery well) for the well field. 

r 217 
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F ERAFS I\VoLI :mf\frd LOO\~n(n\ouS\po37\0457-93. Ltr 



South Plume Recovery System Vertical Capture Letter Report 
June 14, 1993 
Page 2 

The final pump test report, to be issued in early August, willinclude 
the complete results of all the analysis by these and other methods, a 
comparison of the results, and conclusions. 

During the installation of recovery well #4 (3927), and the 
piezometers for the pump test, there were indications of a layer (or 
interbed) of material exhibiting a substantially lower conductivity at 
a depth of approximately 110 feet which may be 5-10 feet in thickness. 
Although the existence, areal extent, and continuity of this layer has 
not been confirmed, PARSONS recommends that the following steps be 
taken at each of the remaining four recovery well locations. 

1) Drill a pilot hole to bedrock 
2 )  Obtain a continuous sample from the pilot hole 
3 )  Perform natural gamma logging on the pilot hole 
4 )  Perform sieve analysis and grain size estimation of hydraulic 

conductivity on the continuous sample. 

These steps will allow a comparison of the lithography at each . 
recovery well with the lithologic data obtained during installation of 
well 3927, the piezometers, and local monitoring wells. These 
comparisons will be useful in confirming the lithologic conditions, 
predicted hydraulic conductivity, and the presence (or absence) of a 
potential confining layer in the vicinity of each recovery well. 
These steps will provide additional information concerning the ability 
of the recovery system to intercept the South Plume as discussed 
above. 

If you have any additional questions concerning this report they can 
be directed to Steve Harrington at 870-8180 or Paul Frink at 870-8339. 

Very tr ly ours, 

Project B l M k  ent F. Manager, CRU-5 

ERA Project 

B. Hertel 
J. Hughes 
R. Ninesteel-Pitts. 
C. L. North 
A .  Sinagoga-Pitts. 
J. Skridulis 
D. C. Wright 
CRU-5 Project Files 
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FERMCO : D. 
G. 
K. 
M. 
J. 
M. 
B. 

Brettschneider 
Braga 
Broberg 
Cherry 
D. Chiou -Pitts. 
Griffin 
Copsey 

. . ’  
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6120 South Gilmore Road 
Fairfield Executive Cenrer 
Fairfield. OH 45014 

(513) 870-0300 
Fax (5 13) 870-0434 

June 16, 1993 
.- PARSONS ID#:05:037:100~:0471-93 

Mr. Arthur K. Bomberger 
CERCLA/RCRA Unit 5 Director 
Fernald Environmental 
Restoration Management Corporation 
P. 0. Box 398704 
Cincinnati, Ohio 45239-8704 . 

Subj ect : Additional Information, South Plume Recovery System 
Vertical Capture Letter Report. 
Pro] ect Order 3 7 
Technical and Project Management Support for CRU-5 
FERMCO Subcontract #2-21487 
PARSONS Environmental Remedial Action Project 

Reference: PARSONS letter ID#05:037:100:0457-93 dated June 14, 1993 

IB Dear Mr. Bomberger: 

- On June 15th, Mr Gil Braga of your staff requested that PARSONS 
provide additional backup information on the referenced Vertical 

i.  Capture Letter Report. Specifically, FERMCO requested information on 
the recommendation to set the screens in the four remaining recovery 
wells 6 feet below the current static water level. The recommendation 
was.based on the overall objective of maintaining maximum flexibility 
in the future operation of the recovery system. The recommendation was 
based on consideration of the following: 

1) Table 5-1 of the South Plume Removal Action Groundwater 
Modeling Report (SPMR) referenced the static water level for 
placement of the screen but did not specify a specific point 
in the seasonal cycle. 

Exposure of a large portion of well screen during normal 
pumping operations (not submerged) is unproductive and 
undesirable from the standpoint of increased corrosion, 
reduction in effective penetration and reduced capacity. 

Although the largest concentration of contamination appears to 
be in the upper region of the aquifer, it is desirable to be 
able to increase capture from the lower portions of the 
aquifer . 
Drawdown during the pump test was greater than predicted by 
the groundwater model. 

The current well design sets the pump bowl 7 feet above the 
screen bottom which reduces the amount of available drawdown 
in the well prior to exposing the pump inlet. 

: 

A 

2) 

3) 

4) 

5 )  
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* Additional Information, South Plume Recovery System Vertical Capture 
Letter Report 
June 16, 1993 
Page 2 

Discuss ion 

A review of the water elevations from well 2002 for the period of 6-89 
through 12-91 and other monitoring well water level data from the area 
of the FEMP suggest that water level fluctuations have a seasonal 
variation of up to 10 feet. The approximate mid-point of these 
fluctuations in monitoring well 2002 is 520 feet MSL. 

Conservative estimates of drawdown for the recovery wells during 
recovery operations show a net drawdown due to pumping of 4.8 feet by 
the SWIFT code (Figure 4-26 of the SPMR) and 6 feet by the analytical 
model (Theis Equation). Both these simulations used a horizontal 
hydraulic conductivity of 450 ft/day. Although RW-4 (3927) 
experienced a larger drawdown during the pump test (in feet), a value 
of 6 feet of drawdown is initially considered. 

Combining the effects discussed above, setting the screen 6 feet below 
the current static water level will expose 5 feet of screen during low 
water level periods and will leave 5 feet of water over the top of the 
screen during high water level periods. The fact,that the screen does 
not extend above the top of the water table at all times does not 
preclude the recovery system from achieving sufficient vertical 
capture. . 
variation, with the 6 feet of drawdown referenced to the mid-point of 
these variations. A smaller seasonal variation will produce both 
smaller exposures and submergences of the screen. Additionally, since 
the estimated drawdown is conservative, the actual 
exposure/submergence cycle will probably favor exposure over 
submergence. 

The seasonal variation of 10 feet is a projected maximum 

Additionally, items 4 and 5 above tend to limit the capacity of the 
recovery wells. Lowering the screened interval will regain some of 
this lost capacity. 

PARSONS considers that this approach provides the greatest flexibility 
in future operation of the recovery wells and will maximize their 
overall performance. This recommendation is based on the most current 
information available, however, if borings taken at each recovery well 
location during installation or at the final RW-4 piezometer (SPPZ-2F) 
location indicate the presence of a low conductivity layer or other 
lithologic conditions different from those anticipated, re-evaluation 
of pumping rates, screen depths and lengths may be necessary. 
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Additional Information, South Plume Recovery System Vertical Capture - 
Letter Report 
June 16, 1993 
Page 3 

If you have any additional questions concerning this report they can 
be directed to Steve Harrington at 870-8180 or Paul Frink at 870-8339. 

Very truly yours, 

Project Manager, CRU-5 
ERA Proj'ect 

FERMCO : D. Brettschneider 
G. Braga 
K. Broberg 
M. Cherry 
J. D. Chiou -Pitts. 
M. Griffin 
B. Copsey 

. .  
I .  - .  
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B. Hertel 
J. Hughes 
R. Ninesteel-Pitts. 
C. L. North 
A. Sinagoga-Pitts. 
J. Skridulis 
D. C. Wright 
CRU-5 Project Files 
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APPENDIX E 

SIEVE ANALYSIS 

r 2 2 2  
ERAFS 1 \VOLl :RS APPSUISDATA\ 
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From : D O N  BAkON 

Subjec t  

DAVID.  

: DESIGN FOR 1 6 " X Z r l "  DlAHETER WELL 

PER OUR TELEPHONE CONVERSATION T O D A Y ,  I A M  ENCLOSING THE 
RECOMPENLiATION LRTTER WHICH WE D1SC:USSED AND I AM ALSO SENDEN:; A 
DUPL!ICATE COPY 1'0 RkIAN WAIIKRR Of; GLORAL. 
INFORMATION WILiT, BE BBNEPlClAL TO YOU. 

I HOPE THAT THIS 

I AM ENCLOSING THE SIEVE ANALYSIS FROM JOHNSON (ST. PAUL) AND 
ALSO THE GLOBAL FILTEk MEDIA CURVES FOR YOUR JNSPEClIfJN. 

e 

CALL ME IF I CAN BE CJF A N Y  F'VIZ'I'HER AISIS ' rANCE.  

F . 0 1  5 1 7 3 3 7 0 6 6 0  
51367iE705 PGGE .OB 1 



1 
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- :  47 3 s  
Donald M. Baron 
Di61fki Msna(jer 

Filtralbn Systems Inc. --._._._ -.-- . .- - 

April 2 3 ,  .1993 61 2/636-3W 
FPX612j6383t32 
P.O. Bow64118 
SI. Peul, MN 55164 

Br i an Wa 1 ke r 
Global D r i , l l i n g  Gupplier. I n c .  
12101 C e n t r o n  Place 
C i n c i n n a t i ' ,  OH 45246-1704 

Dear Brian': 

I have revliewad t h e  s i e v e  analysis p r o v l d u d  by our St. Paul 
facility fpr the Fernco  PvoJect.  Encloecd with t h i s  letter are 
copies of ' thoas grapha. 

I t  i e  my u p d e r e t a n d i n q  that the t o t a l  depth of t h i s  propoaed well 
will be 114' and aquifer msterial is present between 70' and 
114'- Eelow the 114' depth i n t e r v a l ,  f i n e  t o  medium sand is 
present. P r y ,  yellow aoird arid g r a v e l .  ie present between 
approxlmstely 60' to 70' and clay is present above t h i s  dry 
sand. T h e ' e t a t l c  water level i n  t h i a  eaturated crqufier io 7 0 ' .  I 
f e e l  t h a t  )I118 water bearing formation should be coneldeiwd a 
water table a q u i f e r .  

I rooommerid that you i .ns t ;a l l  4 0 '  of 16'' p i p e  size type  304 
s t a i n l e s s  eteel J o h n s o n  well gcreen s e t  between the deptha of 74 '  
and 114' from the ground Burface.. It; I s  my u n d s r e t a n d i n ~  t h a t  
2 4 "  diametbr casinfl  will be driven and cleaned out to 1 1 4 '  and 
16" diameter casing e n d  ~ c r e e n  anseinbly wl.13. be teleecoped i n s i d e  
thi3 temporary 24" oaaing. I s t r o n g l y  recommend that you jnstall 
a #50 (0.050") slot s c r e e n  opening for the above, nonkfonod well 
screen end install a Global 114 f i l t e r  media e.::.)ci .::!; '~.::c 6 r i  'L-:~c+ 1 1  :i' 
and t h e  65' depth interval. It i o  LinperaLivs t h G C  zentrs1izt ; rY 
a r e  ueed to center this well s c r e e n  inside t h e  24" cac.lrip. I 
determine  that approximately 82 cubic f e e t  of f i l t e r .  media 
material rnby he neoded to f i l l  that a n n u l a r  opoze. Above that 
filter media, I recommond a few feet of finer filter pack and 
appropriate grouting techniques to the ourface 8 8  the 24" cci3ing 
is completely extracted during the i n s t , a l l a t i o n  procedure 

1 racomniond a f i l t e r  paclrcd dosign r R t h c r  t h a n  a n a t u , r a l l y  
developed deelgn for a #GO (0.060") B l o t  which was recommended 
from our  6 t .  Paul office could be installed hut about .6 h o u r s  
to 1.5 hour6 should be 8 e t  aside.for development per foot; of well 
screen in a n a t u r a l l y  developed and cona t ruo ted  well aystem. 
This mean8:that 20 to possibly 60 hour s  of development s h o u l d  be 
oonsidered atandard for noturelly developed we11.0 w i t h  40' of 
~ c r e e n  in 18 wsll. I f  this t h i a  well e c r e e n  were centered i n  t h e  
2 4 "  casingland filter medja 56 Inetalled, t h i o  well would pump 
dirty w a t e r  i n i C l a l l y  but B h o u l d  clean up w i t h i n  a one day 
development schedule. This 4" filter around t h e  well screen 
w o u l d  Rignjficantly reduce the  development t i n e  needed t o  make 
this sytem a Band f ree  i n s t a l l a t i o r ) .  

i 2 2 4  A Whedabrator TQchnoloyies Inc. Company 
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..._ . 

Pose 3 

A JohnHon wall screen w i t h  the. a1JCJVe nl.r.it c o r d i g u r a t i o n  11,33 
adaqi1at.e open i n l e t  area La t.rensmit 3 . l ( i R  Rpin wit,h an averape 
e n t r a n c e  Geloc i t y  of 0 .1  fpE: th2'OUgl i  t l ln acreon olot Oper13 rig?. 
If t h i s  w e : l l  Is pu.mpec1 at. thn 1,500 gprn rate durlrig the p u n p i n e  
test. the 'averege entrance v e l c l c i t y  wjJ1 be in the range of 0.05 
f p s  durin$ that test;. Based upcrn my nztimatcs of t h o  equlfar 'c . .  
yermeahlli t y  from the s i e v e  ~ i i c l r l  y 8 j . b  graphs, it. 2ppbaT'R t .J iFt t  the 
p e r n w t b i l i . t y  may bc in the r n n g o  of 2 .000  - 3,000 gpd/ftft or 
greater. If I UPC? t h e  bl;rc)va ilwr,t.j.onc:d information, 1 can  t h e t i  
e n t e r  thi&, i n f o r m o t i o n  i r 1 t . G  8 modified J a c o b - ~  witter' t.ab'le 

formation 'thickriens (ft), Q = well capacity (gpm), sncl P = 
d r a w d o w n  ('ft). After crntei-ing the Above rnent~or\od data, t.he 
epeci f ic c.'apaci ty or Q / R  ~ k i o t 1 1  cl averngcJ npproxirnat,oly 120 gpiri/f L 
of d r a w d o w : n .  With wator tahlf?  W O ~ ~ P ,  t.ho epecif ic c e p f i e i t y  w i  1 1  
decrease w,1 th drawdown for. cine ~a i i . c ! t ,  cnri.sj,dcr the dewatering 
e f f e c t  whiFh occurs d u r i n g  pumping. 
efficiency, the actual d r a w d o w n  may bo i n  t h o  range of 60 gprn/ft .  
T h e r e  f o r e ,  when pumping 1,500 cpm, the  drawdown sh.ould l.l;e~i be 
approxlmat.ely 25' of a puntping wbt,r.t* level i . r )  the ro.npe of 9 5 ' .  
I f the porlnaabd 1.i t.y i.s h j gher th4n 1 entjmotod, t h e  drawdown 
would t h e n  bo leon and tho pumpin@ wator level would be k:igIle:r. 
t l jan my i r t . i t . i A l  estimates. k96d upon the ~ F X J V ~  ~ r i f c I r m - t . ~ o n ,  1 dc, 
believe that 1,500 gpm shclii1.d he fnn3ihla when the. nbclvo 
reoomnlended design ia inbLalled at t h i 3  job  site l ac :~ t .3r>r .1 .  

' fornn).la, P x H/1,500 = Q / s -  The F = permeahi1it .y (gpd/ftft), M :. 

If we assume k 60% t.ot.;rtl 

Thank you for giv l .nC me the o p p o r t u n i t y  of h e l p j n p  w l t h  the 
d e t . a i l e  of this dosjgn. I f  yctii hevo a n y  q u e s t i o n 0  or i f  I can be 
of any f u t ' u r e  s e r v i c e .  p l e ~ s e  fcsl f r c e  to contact me t i r iy t .1nrc .  

DISTRICT MANAGER 
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Silica Uuilrt7. Saild Pack for Water Wells, Monitoring WcUs, & Underdrain, 

99.6:% PURR QUAK'I'Z SILICA --- WASFED and DRIED SAND 

[EEz] og% RETAINED- 0 O(8R' 

SLOT OPENINGS IN THOLJSANDTHS U? GN INCH 

- _ .  
fFFECTlVE SIZE: 

U.C. - l A 7  
93% REl AlNED 0 0348' 

A P R - 2 3 - 3 3  F R I  18:3'F. 
APR 26 '90 10:12 
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XTEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-21 12 

WELL LOG 
, 
. t :. c 493s 

F.E.R.M.C.O. BORING# RW-4 

South Plume Packaae 2D DRAWN BY D. Treleaven 

CLIENT 

GEOLOGIST 

PROJECT NAME 

PROJECT LOCATION Fernald. OH 

J. Wasserbauer JOB # 86-05-93-00002 

APPROVED BY D. Keltinq 

DRILLING and SAMPLING INFORMATION 

Date Started 4/18/93 Hammer Wt. Ibs. 

Date Completed 4/18/93 Casing Length 74.5 ft. 

Drill Foreman . Casing Diameter 16 in. 

Inspector JW Screen Length. 40 ft. 

Boring Method Air Rotarv Screen Diameter 16 in. 

SOIL CLASSIFICATION 

SURFACE ELEVATION 

Yellowish orange SILTY SANDY CLAY (CL); moist. 

Changes to greenish gray, trace of gravel. 

Sample Tvpe PID 

cu 

cu 

cu 

cu 
cu 

cu 

cu 

- - 
water 

A 
h 
LL 
5 
O 
H 
Q 

C 
0 
I - Y ,  

L L  c o  
a l c  c .- 
al 
L a  

\ 
U Y ,  
L 3  m o  u -  
m u l  
tal. n + - z  

- 
m a l  

c t m  

'A 

ul 

Salvanized Pipe Elevation 
589.294' 
Steel Casing Elevation 
590.710'. 
Stick-up 2.00t 
Ground Elevation 588.710't 
Borehole Diameter 3 6 :  0 to 
38' 
Casing Diameter 2 4  

Grout 

Bottom of 24" casing 

Riser: Galvanized Pipe 16" 
diameter 

Boring Method 
70.0 ft. HSA - Hollow Stem Augers Span Pot. = n At Completion SS - Driven Split Spoon 

hours ft. ST - Pressed Shelby Tube Cal. Date. = , 2 After .- 
CA - Continuous flight Auger & Water on Rods I ft. MD - Mud Drilling 
CU - Cuttings 

CFA - Continuous flight Augers 
DC - Driving Casing 

RC - Rock Core + AtSurvey ft. 

CT - Continuous Tube r. 229 Page 1 of 2 



WELL LOG ETEc. ENVIRONMENTAL 

I 

b 

CLIENT F.E.R.M.C.O. BORING# RW-4 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
GEOLOGIST J. Wasserbauer JOB # 8605-93-00002 

PROJECT LOCATION Fernald. OH APPROVED BY D. Keltinq 

DRIWNG and SAMPLING INFORMATION 

Date Started 4/18/93 Hammer Wt. Ibs. 

Date Completed 4/18/93 Casing Length 74.5 n. 
Drill Foreman Casing Diameter 16 in. 

Inspector JW Screen Length. 40 ft. 

Boring Method Air Rotaw W e e n  Diameter 16 in. 

SOIL CLASSIFICATION F t x  a+ 
L O  

v)C 
t a  
- 

70.( 

80.1 

90.1 

114. 

- - 

al 
sal 

alo m c  
DV) V)2 

- 
t- n 
n m  E 

- 
cu 

cu 

cu 

cu 

cu 

cu 

cu 

- - 

M 

w 

w 

w 

W 

w 

W 

tin 
m a l  
L C  c o  
a l c  c e- 

al 
L a  

\ 
D U ,  
L 3  m o  
D -  
m l n  
t a l .  n l - 2  

c t m  

Sample Type PID water 
SS - Driven Split Spoon Span Pot. = At Completioi 70.0 n. 
ST - Pressed Shelby Tube Cal. Date. = 2 After hours n. 
CA - Continuous flight Auger 6 Water on Rods ft. 

+ At Survey n. RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

f ’  

A 

/ 
ientonite’ 

lt4 Quartz Sand 

Screen: 0.050 Inch. Slot 
;tainless Steel 

Borinq Method 
HSA - Hollow Stem Augers 
CFA - Continuous Flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

230 
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WELL LOG 

473% -- KTEC ENVIRONMENTAL 
i 11121 Canal Road 

Cincinnati, Ohio 45241 
(513) 771-2112 - 

BORING # SPPZ-1 CLIENT F.E.R.M.C.O. 
GEOLOGIST 

PROJECT NAME 

PROJECT LOCATION Fernald. OH 

J. Wasserbauer JOB # 86-05-93-00002 
South Plume Packaqe 2D DRAWN BY D. Treleaven ' 

APPROVED BY D. Keltinq 

c01 

010 
3cn 

e- 
a m  

DRILLING and SAMPLING INFORMATION 

Date Started 4/17/93 Hammer Wt. Ibs. 

Date Completed 4/17/93 Casing Length 105 ft. 

Inspector JW Screen Length. 5. ft. 

Casing Diameter 2 in. Drill Foreman 

Boring Method Air Rotarv Screen Diameter 2 in. 

al - 
n 
E m c  cn2 

Olive gray SlLlY CLAY (CL); moist. 

Light gray SlLTv SANDY CLAY (CL); moist. 

well-graded (GM); moist. 

Sample Tvpe PID 
SS - Driven Split Spoon 
ST - Pressed Shelby Tube 
CA - Continuous Flight Auger 
RC - Rock Core 
CU - Cuttings . 
CT - Continuous Tube 

Span Pot. = 
Cal. Date. = 

j '  
- A  

. !.. . , .  . .  

U 
U I C  
0.- 
-1 
L O  

Q) mL 
n n  

n LL! 

Li 
01 014 
n n c  
m ma 

c" a- 
- -- 
E E L  

v ) m  - 

cu 

cu 

cu 

cu 

cu 

cu 

cu 

cu 

- - 

A 

a 
5 
0 
H n 

M 

M 

M 

M 

Borinq Method Groundwater 

hours 
70.0 ft. HSA - Hollow Stem Augers g At Completion 

2 Aner 
6 Water on Rods n. 
+ At Survey ft. 

ft. CFA - Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

I-. ' Page 1 of 2 
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WELL LOG 
11121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

CLIENT F.E.R.M.C.O. BORING # SPPZ-1 
GEOLOGIST J. Wasserbauer JOB # 8605-93-00002 ' 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keltinq 

DRILLING and SAMPLING INFORMATION 

Date Started 4/17/93 Hammer Wt. Ibs. 

Date Completed 4/17/93 Casing Length 105 ft. 

Drill Foreman Casing Diameter 2 in. 

Inspector JW Screen Length. 5 ft. 

Boring Method Air RotaW Screen Diameter 2 in. 

SOIL CLASSIFICATION 

Yellowish orange SAND and GRAVEL with fines, 
wellgraded (GM); moist. 

Olive gray SAND and GRAVEL, trace fines, 
wellgraded (GP); wet. 

Boring terminated at 11 1 feet. 

Sample Type PID 

+E 
m t  
LO. 

t a l  
v,O - 

105.0 

110.0 

- - 

W 

W 

W 

C 
0 
t u l  
m a l  
L L  t o  
a l c  c -- 
PI 
L a  

\ 
u r n  
L 3  m o  

m u l  

- 

u -  c t m  

K% 

P 

In 
Y 
L 
m 
E 
PI 
E 

~ 

/ 

entonite ' 

creen: 0.010 Inch Slot PVC 

latural Formation Filter Pal 

g Method 
SS - Driven Split Spoon Span Pot. = g At Completion 70.0 ft. HSA - Hollow Stem Augers 
ST - Pressed Shelby Tube Cal. Date. = 5 After hours 
CA - Continuous flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 232 Page 2 of 2 

ft. CFA - Continuous flight Augers 
DC - Driving Casing 

6 Water on Rods ft. MD - Mud Drilling . + At Survey ft. 



ATEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

WELL LOG . ,  - . .. 

~ 

F.E.R.M.C.O. BORING # SPPZ-2A 

South Plume Packaqe 2D DRAWN BY D. Treleaven 

CLIENT 
JOB # 86-05-93-00002 GEOLOGIST J. Wasserbauer 

PROJECT NAME 

PROJECT LOCATION Fernald. OH APPROVED BY D. Keltinq 

DRILLING and SAMPLING INFORMATION 7 
Hammer Wt. Ibs. Date Started 

Date Completed Casing Length 10s n. 

Inspector Screen Length. s n. 
Casing Diameter 2 in. Drill Foreman 

Boring Method Air Rotarv . Screen Diameter 2 in. 

SURFACE ELEVATION 

Sample Type PID 
=L 

Groundwa 

0.0 ' 0 

m 
Y 
L 
m 
E 
Q) 
tY 

jurvey 594.249' 
stick-up 5.145 
jround Elevation 589.109'5 

8iser: Stainless Steel 

Grout 

I 
Method 

Span Pot. = g At Completion 73.7 n. HSA - Hollow Stem Augers 
SS - Driven Split Spoon n. ST - Pressed Shelby Tube Cal. Date. = 2 After 
CA - Continuous flight Auger 6 Water on Rods ft. 
RC - Rock Core + AtSurvey n. 
CU - Cuttings 
CT -Continuous Tube E ._ 

CFA - Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

hours 

r 233 Page 1 of 2 
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I f 4133 
ATEC ENVIRONMENTAL 

11121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

WELL LOG 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2A 

PROJECT NAME South Plume Packaqe 20 DRAWN BY D. Treleaven 
GEOLOGIST J. Wasserbauer JOB # 8605-93-00002 

PROJECT LOCATION Fernald. OH APPROVED BY D. Keltina 

DRIWNG and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs 

Date Completed Casing Length 105 ft. 

Drill Foreman Casing Diameter 2 in. 

Inspector Screen Length. 5 ft. 

Boring Method Air Rotarv Screen Diameter 2 in. 

II SOIL CLASSIFICATION 

3oring terminated at 110.0 feet. 

Sample Type PID 

A 

m 
Y 
L 
(II 
E 
QI 
LI: 

lentonite ' 
creen: 0.010 Inch Slot PVC 

latural Formation Filer Pad 

g Method 
SS - Driven Split Spoon Span Pot. = At Completion 73.7 ft. HSA - Hollow Stem Augers 
ST - Pressed Shelby Tube Cal. Date. = 5 After hours 
CA -Continuous Right Auger 
RC - Rock Core 

ft. CFA - Continuous flight Augers 
DC - Driving Casing 

6 Water on Rods ft. MD - Mud Drilling 
CU - Cuttings + At Survey ft. 
CT - Continuous Tube 234 Page 2 of 2 



hTEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

WELL. LOG ' 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2B 
GEOLOGIST J. Wasserbauer 
PROJECT NAME South Plume Packaae 2D DRAWN BY D. Treleaven 

JOB # 86-05-93-00002 

APPROVED BY D. Keltinq PROJECT LOCATION Fernald. OH 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs 

Date Completed Casing Length 115 n. 

Inspector Screen Length. 5 ft. 

Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotaw Screen Diameter 2 in. 

SURFACE ELEVATION 

~~ 

Sample Type PID 
SS - Driven Split Spoon 
ST - Pressed Shelby Tube 
CA - Continuous flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

Span Pot. = 
Cal. Date. = 

sc :, . e . .  

F 
tL n r t  
L Q  
t a l  
DO 

0) 
cal -  
Q I ~  E 

3(n (nz 

t- n 
alo nra 

5 

10 

15 

20 

25 

3 0 '  

35 

40 

45 

50 

55 

60 

65 

70 

Grou lwater 

4 

m 
Y 
L In 
E 
al e 

g At Completion 73.6 n. HSA - Hollow Stem Augers 
ft. CFA - Continuous flight Augers 

DC - Driving Casing 
MD - Mud Drillinq 

hours After 
6 Water on Rods ft. - 

' 235 Page 1 of 2 
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ATEC ENVIRONMENTAL 

Tal 

alo nul 

t- 
n m  

WELL LOG 

al - 
n 
E 
m c  
m2 

L- 4733 11 121 Canal m a d  
Cincinnati, Ohio 452 

SOIL CLASSIFICATION 

, v  (513) 771-2112 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2B 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
GEOLOGIST J. Wasserbauer JOB # 86-05-93-00002 

PROJECT LOCATION Fernald. OH . APPROVED BY D. Keltina 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs. 

Date Completed Casing Length 115 ft. 

Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotarv . Screen Diameter 2 in. 

Inspector Screen Length. 5 ft. 

Boring terminated at 120. feet. 

Sample Type PID 

ST DATA r 

Natural Formation Filter Pac 

I 

Borinq Method Groundwater 
SS - Driven Split Spoon Span Pot. = 52 At Completion 73.6 ft. HSA - Hollow Stem Augers 
ST - Pressed Shelby Tube Cal. Date. = 2 mer  
CA - Continuous flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube I' 236 Page 2 of 2 

hours ft. CFA - Continuous flight Augers 
DC - Driving Casing 

6 Water on Rods ft. MD - Mud Drilling + AtSurvey ft. 



ATEC ENVIRONMENTAL 
11121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

L a  

alo 
Dv) 

t- 
n m  

WELL LOG 

al - 
n 
E 
lac 
UJZ 

L L  .. 4 1 3 3  

CLIENT F.E.R.M.C.O. BORING # sPPz-2c 
GEOLOGIST J. Wasserbauer JOB # 8605-93-00002 

PROJECT NAME South Plume Packacae 2D DRAWN BY D. Treleaven 
APPROVED BY D. Keltina PROJECT LOCATION Femald. OH 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs 

Date Completed Casing Length 125 n. 

Inspector Screen Length. 5 n. 
Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotarv Screen Diameter 2 in. 

i l  

~~~~ ~ 

SOIL CLASSIFICATION 

SURFACE ELEVATION 

Sample Type PID 
SS - Driven Split Spoon 
ST - Pressed Shelby Tube 
CA - Continuous flight Auger 
RC - Rock Core 

CT - Continuous Tube ' ' J ~ 

Span Pot. = 
Cal. Date. = 

' -  CU - Cuttings . I. 

T 
t L  a+ 
t a l  
m 0  
i n  

c 
D 

ken 
5 a J  
L C  

c .- 
PI 
L u l  

\ 
o m  
L 3  
5 0 '  
0 -  

c a l .  
n l - z  

- 

L :  

c + m  
m a  

0 

ST DATA T - 
0 S I  0 Y cn 

g At Completion 69.3 n. HSA - Hollow Stem Augers 
2 After 
0 Water on Rods n. 

hours n. CFA - Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drillina n. - + At Survey 

Page 1 of 2 



t' - -  4 1 3 3  
ATEC ENVIRONMENTAL 

, 11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

WELL LOG 

CLIENT F.E.R.M.C.O. BORING # sPPz-2c 

PROJECT NAME South Plume Packaae 2D DRAWN BY D. Treleaven 
GEOLOGIST J. Wasserbauer JOB # 86-05-93-00002 

PROJECT LOCATION Fernald. OH APPROVED BY D. Keltina 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs 

Date Completed Casing Length 125 ft. 

Drill Foreman Casing Diameter 2 in. 

Inspector Screen Length. - 5 ft. 

Boring Method Air ROtaW Screen Diameter 2 in. 

i SOIL CLASSIFICATION 

Boring terminated at 130.0 feet. 

Sample Type PID 

- - 
ra 
n a  
t- 

( U L  ou - 

80 

85 

90 

95 

100 

I05 

I10 

I15 

I20 

I25 

I30 

- - 

- 

h 
E a 
% 
0 
H a 

ST DATA 

-I--- 
.! I 
t 
QI - 

Borinq Method 
At Completion 69.3 ft HSA - Hollow Stem Augers SS - Driven Split Spoon 

CA - Continuous Flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

Span Pot. = 
CFA - Continuous Flight Augers ST - Pressed Shelby Tube Cal. Date. = 5 After hours . f t  DC - Driving Casing 

0 Water on Rods ft. MD - Mud Drilling + AtSurvey ft. 

T i '  238 Page 2 of 2 



. . -. 

c 

ATEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

+ -  
m P  
3 E  

0 
D O  

J -  
0 -  
L a J  

WELL LOG 

*-m? 

L P I -  
t- 
P a  
P I 0  
ocn 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2D 

PROJECT NAME South Plume Packaae 2D DRAWN BY D. Treleaven 
8605-93-00002 GEOLOGIST J. Wasserbauer JOB # 

APPROVED BY D. Keltina PROJECT LOCATION Fernald. OH 

01 
P 
E mo 
cnz 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs 

Date Completed 
Drill Foreman Casing Diameter 2 in. 

Casing Length 135 n. 

Inspector Screen Length. 5 n. 
Boring Method Air Rotarv Screen Diameter 2 in. 

SOIL CLASSIFICATION 

~ 

i 

SURFACE ELEVATION 

Sample Type PID 
SS - Driven Split Spoon 
ST - Pressed Shelby Tube 
CA - Continuous flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube '. 

Span Pot. = 
Cal. Date. = 

water 

c 
0 
t m  
m a l  
L E  
I - 0  
P I C  c .- 
PI 
L a  

\ 
o m  
L 3  
m o  u -  
a m  

- 

c t m  

;I% 

0 

cn 
Y 
L 
m 
E 
PI 
p: 

g At Completion 70.3 ft. HSA - Hollow Stem Augers 
f After 

6 Water on Rods ft. MD - Mud Drilling 

CFA - Continuous flight Augers 
DC - Driving Casing 

hours ft. 

+ At Survey ft. 

Page 1 of 2 
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~ WELL LOG 

SOIL CLASSIFICATION 

i 1 -' * 4133 
ETEC ENVIRONMENTAL 

11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2D 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
GEOLOGIST J. Wasserbauer JOB # 8605-93-00002 

PROJECT LOCATION Fernald. OH APPROVED BY D. Keltina 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs. 

Date Completed Casing Length 135 n. 

Inspector Screen Length. 5 n. 
Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotaw Screen Diameter 2 in. 

Boring terminated at 140.0 feet. 

Sample Tvpe PID 

PI 
Tal 
t- P 

PIU m c  
P(n (n2 

- 
n m  E 

80 

85 

90 

95 

00 

05 

'10 

115 

I20 

I25 

I30 

I35 

140 = 

- - 

n 
E 
n 
5 
0 
H a 

SS - Driven Split Spoon 
ST - Pressed Shelby Tube 
CA - Continuous Flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - ContinuousTube 

Groundwater 

Cat. Date. = 2 After hours 
Span Pot. = At Completion '70.3 n. 

n. 
0 Water on Rods n. 
+ At Survey n. I 

A 

;rout 

Bentonite' 

Stainless Steel Screen 10 
Slot 
\ 
Natural Formation Filter Pacl 

ng Method 
HSA - Hollow Stem Augers 
CFA - Continuous Flight Augers 
dc - Driving Casing 
M$ $"cr" Drilling 

Page 2 of 2 



XTEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

Tal 
t- 
PIP 
alo nu) 

WELL LOG 
4 .. b- . 4133 

al 

P 
E m c  a 2  

- 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2E 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
J. Wasserbauer JOB # 86-05-93-00002 GEOLOGIST 

PROJECT LOCATION Fernald. OH APPROVED BY 0. KeltinQ 

DRILLING and SAMPUNG INFORMATION 

Date Started Hammer Wt. Ibs. 

Date Completed Casing Length 145 ft. 

Inspector Screen Length. 5 ft. 

Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotarv Screen Diameter 2 in. 

SOIL CLASSIFICATION 

SURFACE ELEVATION -- - 

Groundwater 

0.0 0 

(I, 
Y 

. L  m 
E 
al 
IY 

iurvey 592.101' 
itick-up 3.22 1 
jround Elevation 588.881 ' 5  

Iiser: Stainless Steel 

$rout 

iq Method 
Span Pot. = g At Completion 73.3 ft. HSA - Hollow Stem Augers 

Cal. Date. = 
SS - Driven Split Spodn 
ST - Pressed Shelby Tube 

CA -Continuous flight Auger- , - a Water on Rods ft. MD - Mud Drilling RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

CFA - Continuous flight Augers 
DC - Driving Casing 

5 After . hours ft. 

+ At Survey ft. 
. 4 . .  

r' 242. Page 1 of 3 



11121 Canal Road - 
Cincinnati, Ohio 45241 
(513) 771-2112 

WELL LOG 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2E 

PROJECT NAME South Plume Packaqe 2D ' DRAWN BY D. Treleaven 
GEOLOGIST J. Wasserbauer JOB i# 8605-93-00002 

PROJECT LOCATION Fernald, OH APPROVED BY D. Keltinq 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs. 

Date Completed Casing Length 145 n. 

Inspector Screen Length. 5 n. 
Drill Foreman Casing Diameter 2 in. 

' Boring Method Air Rotarv Screen Diameter 2 in. 

Sample Tvpe PID water 
Span Pot. = g At Completion 73.3 n. SS - Driven Split Spoon 

hours n. ST - Pressed Shelby Tube Cal. Date. = 2 Aner 
CA - Continuous Flight Auger a Water on Rods n. 
CU - Cuttings 
CT - Continuous Tube 

RC - Rock Core + At Survey ft. 

n 
I= a 
5 
0 
H a 

ST DATA 

7 
+ 
al - I 

HSA - Hollow Stem Augers 
CFA - Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

242 Page 2 of 3 



ATEC ENVIRONMENTAL 
;;l;;;;~ll l;d 
Cincinnati, Ohio 45241 

- - - 

WELL. LOG 
4v33 

SOIL CLASSIFICATION 

-- 

CLIENT F.E.R.M.C.O. BORING # S P PZ-2E 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
PROJECT LOCATION Femald. OH APPROVED BY D. Keltinq 

J. Wasserbauer JOB # 86-05-93-00002 GEOLOGIST 

DRILLING and SAMPLING INFORMATION 

Date Started Hammer Wt. Ibs. 

Date Completed Casing Length 145 ft. 

Drill Foreman Casing Diameter 2 in. 

Inspector Screen Length. 5 ft. 

Boring Method Air ROtarV Screen Diameter 2. in. 

Boring terminated at 150.00 feet. 

z= 
tL 
m t  
L P  
t a l  
v)O - 

150.0 

- - 

- - 

5. 
P 
al 
P( - 

25 

30 

35 

40 

45 

50 

- - 

al 
P 
3 
I- 

al 

P 
E m 
rn 

- 

- 

n 
E a 
5 
0 
H n 

C 
0 
t u  
m a l  
L L  t o  
P I C  c .- 
al 
L a  

\ 
u r n  
L 3  m o  u -  
m r n  
t a l  - 
D I - 2  

- 

c t m  

C 
0 

t 
al 

.- 

- 

Borinq Method Sample Type PID lwater 
~~~ ~ 

g At Completion 73.3 ft. HSA - Hollow Stem Augers 

6 Water on Rods ft. MD - Mud Drilling 

SS - Driven Split Spoon 
ST - Pressed Shelby Tube Cal. Date. = 5 After hours n. 
CA - Continuous flight Auger 

+ At Survey ft. RC - Rock Core 
CU - Cuttinas . _  

Span Pot. = 
CFA - Continuous flight Augers 
DC - Driving Casing 

* .  CT - Conti&ous Tube .. , ._- ’,’ . 
I-’ 2 4 3 

Page 3 of 3 



ATEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

Tal 

PI0 
3v) 

t- 
n m  

CLIENT F.E.R.M.C.O. BORING # SPPZ-2G 

PROJECT NAME South Plume Packase 2D DRAWN BY D. Treleaven 
GEOLOGIST J. Wa sserba uer JOB # 86-05-93-00002 

PROJECT LOCATION Fernald. OH APPROVED BY D. Keltins 

al - 
n 
E 
m c  a 2  

DRILLING and SAMPLING INFORMATION 

Date Started 4/16/93 Hammer Wt. 140 Ibs. 

Date Completed 4/16/93 Casing Length 161 n. 

Inspector JW Screen Length. 5 n. 
Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotaw Screen Diameter 2 in. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

6o 

65 

70 

SOIL CLASSIFICATION 

SURFACE ELEVATION 

Yellowish orange SILTY SANDY CLAY (CL); moist. 

Changes to light gray, trace gravel; moist. 

1A 

18  

2 A  

28  

3A 

Grour 

Yellowish orange SAND, poorly graded (SP); moist. dl I 
~~: . .  . .  . .  . .  . .  

. .  . .  . .  . .  

. .  .. . . 
: . ' . .  . .  . .  . .  
, '. . . . . .  
8 - 

Yellowish orange SAND, trace gravel, poorly graded 

Light brown SAND and GRAVEL, wellgraded (GP); 
moist to wet. 

Sample Type PID 

al 

E 
m 
v) 

- 
n 

- 

cu 

cu 

cu 

cu 

cu 

cu 

cu 
cu 

cu 
cu 
- - 
water 

A 
E 
n 
5 
0 
H a 

M 

M 

M 

M 

M 

M 

M 

M 

u, 
Y 
L 
(0 
E 
al 
[It: 

iurvey 592.086' 
itick-up 2.44 
iround Elevation 589.646' ! 

liser: Stainless Steel 

irout 

Boring Method 
SS - Driven Split Spoon Span Pot. = g At Completion 70.0 ft. HSA - Hollow Stem Augers 

CA - Continuous flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

CFA - Continuous Flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

ST - Pressed Shelby Tube Cal. Date. = 5 After hours ft. 
0 Water on Rods ft. 
+ At Survey ft. 

Page 1 of 3 
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f &- 4733 
ATEC ENVIRONMENTAL 

WELL LOG 

11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2G 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
J. Wasserbauer JOB # 8605-93-00002 GEOLOGIST 

PROJECT LOCATION Fernald, OH APPROVED BY D. Keltinq 

DRILLING and SAMPLING INFORMATION 

Date Started 4/16/93 Hammer Wt. 140 1 b s . T  

Date Completed 4/16/93 Casing Length 161 ft. 

Drill Foreman Casing Diameter 

Inspector JW Screen Length. 

Boring Method Air Rotarv Screen Diameter 

a 

SOIL CLASSIFICATION 

Light brown SAND and GRAVEL, well-graded (GP); 

~~ - O l i e  gray SAND and GRAVEL, well-graded (GP); 

_' '.: Olive gray SAND, trace gravel, poorly graded (SP); 

=* Olive gray SAND and GRAVEL, well-graded (GP); 

.:::.: . .  Olive gray SAND, trace gravel, poorly graded (SP); 

.:'.: wet. 

wet. 

. .  
. . .  .. . . .  . .  
. .  . .  .. . . .  
. .  
.. . 

Sample Type PID 

- c 
-L a t  
-al 
3 0  

j 

,a 
- 

30.1 

10.0 

=.a 

14.9 

19.c 
21 .c 

29.C 

40s 

g& 
Groundwater 

d 

;rout 

Boring Method 
Span Pot. = n At Completion 70.0 ft. HSA - Hollow Stem Augers 

Cal. Date. = 
SS - Driven Split Spoon 
ST - Pressed Shelby Tube 

CA - Continuous flight Auger 6 Water on Rods ft. MD - Mud Drilling RC - Rock Core 
Cl4 - Cuttinas 

CFA - Continuous f l ight Augers 
DC - Driving Casing 

2 After hours ft. 

+ At Survey ft. 

Cy - &nti<uous Tube 
,. 2 4 5  Page 2 of 3 



ATEC ENVIRONMENTAL 
11 121 Canal Road . 
Cincinnati, Ohio 45241 
(513) 771-2112 

WELL LOG - 

-” 4788 f 

CLIENT F.E.R.M.C.O. BORING # SPPZ-2G 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
GEOLOGIST J. Wasserbauer JOB # 86-05-93-00002 

PROJECT LOCATION Fernald, OH APPROVED BY D. Keltinq 

DRILLING and SAMPLING INFORMATION 

Date Started 411 6/93 Hammer Wt. 140 Ibs. 

Date Completed 4/16/93 Casing Length 161 n. 

Inspector JW Screen Length. 5 n. 
Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotarv Screen Diameter 2 in. 

~~~~~ 

SOIL CLASSIFICATION 

Olive gray SAND and GRAVEL, poorly graded (GP); 
wet. 

tight gray SILW SANDY CLAY with gravel (limestone 
fragments) (CL); wet. 

Boring terminated at 166 feet, auger refusal at 
bedrock. 

Sample Type PID 

T 
c L  m t  
+PI  
D O  
L a  

- 

64.9 
66.0 

- - 

- 
cu 

cu 
cu 

cu 

- - 

- - 

A 

E n 
5 
0 
H a 

W 

W 

C 
0 
e *  
m P I  
L L  
e 0  
P I C  c .- 
PI 
L a  

\ 
D *  
L >  
m o  
0 -  
m a  

- 

c t m  

Z E i  

~~ 

I 

,entonite ’ 
tainless Steel Screen 10 
lot 

latural Formation Filter Pac 

g Method 
Span Pot. = g At Completion 70.0 n. HSA - Hollow Stem Augers SS - Driven Split Spoon 

CA - Continuous Flight Auger 
RC - Rock Core 

CFA - Continuous Flight Augers 
DC - Driving Casing 

ST - Pressed Shelby Tube Cal. Date. = 2 After hours n. 

+ At Survey ft. cu - cuttings 
CT - Continuous Tube , . . s  

6 Water on Rods ft. MD - Mud Drilling 

Page 3 of 3 
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ATEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

1 

WELL LOG 

C Q I  

am 
PI0 
3cn 

C- 

- 4738 

0) 

E m c  cnz 

- 
n 

CUENT F.E.R.M.C.O. BORING # SPPZ-8 
JOB # 86-05-93-00002 GEOLOGIST J. Wasserbauer 

PROJECT NAME South Plume Packaae 20  DRAWN BY D. Treleaven 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keitina 

5 

10 

15 

20- 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

DRILLING and SAMPLING INFORMATION 

Date Started 4/19/93 Hammer Wt. Ibs 

Date Completed 4/20/93 Casing Length 105 n. 

Inspector JW/Dll' Screen Length. 5 n. 
Casing Diameter 2 in. Drill Foreman 

Boring Method Air Rotarv Screen Diameter 2 in. 

Grou 

SOIL CLASSIFICATION 

SURFACE ELEVATION 

Yellowish orange SILTY SANDY CLAY (CL); moist. 

Greenish gray SILTY SANDY CLAY, trace gravel (CL); 
moist. 

poorly graded (GM); moist. 

Yellowish orange SAND and GRAVEL with fines, 
wellgraded (GM); moist. 

Same as above. 

Same as above. 

Sample Type PID 
SS - Driven Split Spoon 
ST - Pressed Shelby Tube 
CA - Continuous flight Augei 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

Span Pot. = 
Cal. Date. = 

al 

E m 
v) 

- 
n 

- 

cu 

cu 

cu 

cu 

cu 

CL 

- - 
w ai - 

M 

M 

M 

M 

M 

M 

g At Completion 72.0 n. 
n. 
n. 

+ At Survey n. 

5 After. hours 
6 Water on Rods 

[! 

HSA - Hollow Stem Augers 
CFA - Continuous flight Augers 
DC ~ Driving Casing 
MD - Mud Drilling 

247 Page 1 of 2 



ATEC ENVIRONMENTAL 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-21 12 

t 4733 
WELL LOG 

CLIENT F.E.R.M.C.O. BORING # SPPZ-3 
GEOLOGIST J. Wasserbauer JOB # 8605-93-00002 
PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keltins . 

DRILLING and SAMPLING INFORMATION 

Date Started 4/19/93 Hammer Wt. Ibs. 

Date Completed 4/20/93 Casing Length 105 ft. 

Inspector JW/DlT Screen Length. 5 ft. 

Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotary Screen Diameter 2 in. 

SOIL CLASSIFICATION 

Olive gray SAND and GRAVEL trace fines, 
well-graded (GP); wet. 

Same as above. 

Same as above. 

Same as above. 

Same as above. 

Boring terminated @ 110 feet. 

Sample Tvpe PID 

80.0 

110.0 

- - 

- 

cu 

cu 

cu 

cu 

- - 
water . 

n 
E a 
5 
0 
H a 

w 

W 

W 

W 

u, 
Y 
L 
m 
E 
(u 
tY 

Natural Formation Filter Pad 

Screen: 0.010 Inch Slot PVC 

ng Method 
SS - Driven Split Spoon Span Pot. = g At Completion 72.0 ft. HSA - Hollow Stem Augers 
ST - Pressed Shelby Tube 
CA -Continuous Flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

5 After hours ft. CFA - Continuous Flight Augers 
6 Water on Rods 

+ At Survey r 

Cal. Date. = 
DC - Driving Casing 

ft. MD - Mud Drilling 
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WELL:LOG 

t a l  

Dm P)o 
3m 

c- 

ATEC ENVIRONMENTAL 
*Q 

11 121 Canal Road 
Cincinnati, Ohio 45241 

(513) 771-2112 = 4?33 v 
F.E.R.M.C.O. BORING # SPPZ-4 CLIENT 

GEOLOGIST J. Wasserbauer JOB # 

PROJECT NAME 

PROJECT LOCATION Fernald. OH 

8805-93-00002 
South Plume Packaae 20  DRAWN BY D. Treleaven 

'RPPROVED BY D. Keltinq 

al 

E m c  ma 

- 
n 

DRILLING and SAMPLING INFORMATION 

Date Started 4/19/93 Hammer Wt. Ibs. 

Date Completed 4/19/93 Casing Length 105 n. 

Screen Length. 5 n. Inspector JW 

Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotarv Screen Diameter 2 in. 

SOIL CLASSIFICATION 

SURFACE ELEVATION 

Yellowish orange.SlLTY SANDY CLAY. trace gravel, 
poorly graded (CL); moist. 
Gray SILTY SANDY CLAY with gravel, poorly graded 
(CL); moist. 

Olive gray SILTY SANDY CLAY, poorly graded (CL); 
moist. 

Yeliowish orange SILTY CLAYEY SAND with gravel, 
graded (SC); moist. 

Yellowish oranae 
- 
SAND 

21 poorly graded (GM). 

3 I Same as above. 

- 
and 
- 
GRAVEL with fines, 

cu 
cu 

cu 

cu 

cu 

cu 

CL 

- - 

- - 

A 
E 
n 
5 
n 
H a 

W 
W 

W 

M 

M 

M 4 Light brown SAND and GRAVEL with fines, 
well-graded (GM); moist. 

Yellowish orange SAND and GRAVEL with fines, 
well-graded (GM); moist. 

hours ST - Pressed Shelby Tube Cal. Date. = 5 After 
CA - Continuous flight Auger 6 Water on Rods n. 

+ At Survey n. RC - Rock Core 
CU - Cuttings c 

CT -Continuous Tube 

ft. CFA - Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

Page 1 of 2 249 $ ,  I 2 .. 
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11 121 Canal Road 
Cincinnati, Ohio 45241 

. 4513) 771-2112 - 
. *  

WELL LOG 

CLIENT F.E.R.M.C.O. BORING # s P Pz-4 
GEOLOGIST J. Wasserbauer JOB # 86-05-93-00002 
PROJECT NAUE South Plume Packaqe 2D DRAWN BY D. Treleaven 
PROJECT LOCATION Fernald, OH APPROVED BY D. Keltins 

DRILLING and SAMPLING INFORMATION 

Date Started 4/19/93 Hammer Wt. Ibs. 

Date Completed 411 9/93 Casing Length 105 ft. 

Inspector JW Screen Length. 5 ft. 

Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotary Screen Diameter 2 in. 

~~~~ ~ 

SOIL CLASSIFICATION 

i g h t  brown SAND and GRAVEL. trace fines, 
well-graded (GP): wet. 

3live gray SAND and GRAVEL trace fines, 
Mell-graded (GP); wet. 

Same as above. 

Same as above. 

Same as above. 

3oring terminated @ 110 feet. 

Sample Type PID 

- - 

U c 
L 
C 

( u n  
P C  n u  
I- 

t 

P C  
E €  

m u  

.- 

@ a  

a n  

- -  

- 

cu 

cu 

cu 

cu 

cu 

- - 
water 

n 
E a 
5 
0 
H a 

W 

W 

W 

W 

W 

5T DATA I 
C 
0 

al 
.- 
t 

- 

ti 4Natrual Formation Filter Pa( 

Borinq Methbd 
‘SS .- Driven Split Spoon Span’Pot. = At Completion 72.0 ft. HSA - Hollow Stem Augers 
ST - Pressed Shelby Tube Cal. Date. = After hours 
CA - Continuous Flight Auger 
RC - Rock Core 

CT - Continuous Tube . . . 

ft. CFA - Continuous Flight Augers 
DC ~ Driving Casing 
MD . Mud Drilling 0 Water on Rods k. 

CU - Cuttings + At Survey ft. 

r 250 
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ATEC ENVIRONMENTAL 
$1 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

F.E.R.M.C.~: BORING # SP Pz-5 

South Plume Packaae 2D DRAWN BY D. Treleaven 

CLIENT 
JOB # 86-05-93-00002 GEOLOGIST ' J. Wasserbauer 

PROJECT NAME 

PROJECT LOCATION Fernald, OH APPROVED BY D. Keltina 

DRILLING and SAMPLING INFORMATION 

Date Started 4/18/93 Hammer Wt. Ibs 

Date Completed 4/18/93 Casing Length 105 ft. 

Inspector JW Screen Length. 5 n. 
Drill Foreman Casing Diameter 2 in. 

ll SOIL CLASSIFICATION 

SURFACE ELEVATION II 
01 

E a J  
c- P 
L a  E * 
Y U  mo 
3v) v)z 

- 

5 

IO 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

Groui 

- - 

aJ 
P 
3 
I- 

al 

P 
E a 
v) 

- 

- 

cu 
cu 

cu 

cu 

CL 

C l  

- - 

Yellowish orange SILTY SANDY CLAY, (CL); moist. 

Gray SILTY SANDY CLAY with gravel, poorly graded 

Same as above. 

Yellowish orange SAND and GRAVEL with fines 

Same as above. 

Span Pot. = g At Completion 70.0 ft. HSA - Hollow Stem Augers 
CFA - Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

SS - Driven Split Spoon 
n. ST - Pressed Shelby Tube Cal. Date. = 5 After 

CA - Continuous flight Auger 0 Water on Rods ft. 
RC - Rock Core + At Survey n. 
CU - Cuttings 
CT - Continuous Tube 

hours 

Page 1 of 2 

P '  251 

4 

U, 
Y 
L a 
E 
al cz 

iurvey 592.750'- 
itick-up 3.805 
;round Elevation 588.950'2 

Iiser: Schedule 40 PVC 

;rout 

nq Method ' 



i P 47 35) 
. t *  

3 
3 = 
3 
# - - - - 

WELL LOG 

Olive gray SAND and GRAVEL, trace of fines, 
well-graded (GP 

Boring terminated @ 110 feet. 

ATEC ENVIRONMENTAL 
11121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

CLIENT F.E.R.M.C.O. BORING # SP Pz-5 
JOB # 86-05-93-00002 GEOLOGIST J. Wasserbauer 

PROJECT NAME South Plume Packaqe 2D DRAWN BY D. Treleaven 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keltina 

DRILLING and SAMPLING INFORMATION 

Date Started 4/18/93 Hammer Wt. Ibs. 

Date Completed 4/18/93 Casing Length 105 n. 

Inspector JW Screen Length. 5 n. 
Drill Foreman Casing Diameter 2 in. 

Boring Method Air Rotary Screen Diameter 2 in. 

SOIL CLASSIFICATION 

s 
# 
3 
s 
E, 

Olive gray SAND and GRAVEL. trace of fines, 
well-graded (GP); wet. 

3 
Q 
3 
% 

Q 

% 
3 
# 
3 
s 
3 
# 

Same as above. 

I 

Sample Type PID 

T 
t L  
m t  
L a  
t a l  
CnO - 

80.C 

109.: 

- - 

r 

80 { 
- 

85 - 
- 

90- 
- 

95 - 

00 - 
- 

- 
05 - 

- 

U 
u,L 
0.- 
-1 
LC 
a a  

Q) m c  a cc! E a- 
Li 

al aJ! 
a at 
m m a  

- -  
E EC 

(D (Do - 

cu 

cu 
. .  

cu 

- - 

. W  

w 

W 

C 
0 
c u ,  
m a l  
L L  c o  
a l c  c .- 
al 
L a  

\ o u ,  
L 3  m o  
0 -  
m u ,  

- 

c c m  

FJ22 

m 
Y 
L 
r[ l 
E 
al 

OL 

;rout 

3entonite' 

datura1 Formation Filter Pa( 

h e e n :  0.010 Inch Slot PVC 

i q  Method 
- - 

Groundwater 
g At Completion 70.0 n. HSA - Hollow Stem Augers 

0 Water on Rods n. MD - Mud Drilling 

SS - Driven Split Spoon 
ST - Pressed Shelby Tube Cal. Date. = 2 After 
CA -Continuous Flight Auger 
RC - Rock Core 
CU - Cuttings 

Span Pot. = 
hours n CFA - Continuous f l ight Augers 

DC - Driving Casing 

+ At Survey n. 
Page 2 of : CT -Continuous Tube r' 252 



KTEC Associates, Inc. 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(Sl3) 771-21 12 

SOIL BORING LOG 

- I 

XIENT F.E.R.M.C.O. BORING# B-1 
SEOLOGIST J. Wasserbauer JOE # 86-95-93-00002 
'ROJECT NAME South Plume Packaae 2D DRAWN BY J. Wasserbauer 
'ROJECT LOCATION Fernald. OH APPROVED EY D. Keltina 

DRILLING and SAMPLING INFORMATION 

Date Started 5/20/93 Hammer Wt. 140 it 

Date Completed 6/16/93 Hammer Drop 30 ir 

Drill Foreman CDS Spoon Sampler OD 2 ir 

Inspector JW Rock Core Dia. ir 

Boring Method HSA Shelby Tube OD ir 

SOIL CLASSIFICATION 

SURFACE ELEVATION 

Sample Type Moisture Content Groundwater 
S - Driven Split Spoon D = Dry g At Completion ft. 
T - Pressed Shelby Tube M = Moist 5 After hours ft. 

Water on Rods 70.0 ft. 
U - Cuttings + AtSuwey ft. 

A - Continuous flight Auger 
C - Rock Core 

T - Continuous Tube - - .  

W = Wet 

- 

+ 
C 
91 
t 
C 
0 
0 
al 
L 
1 + 
m 
0 
E 
.- 

TEST DI 

C 
0 

t m  
a a l  
L L  

c e- 

al 
Q ( D  

\ 
u m  c >  
m o  u -  
a m  
t a l  4 

U)cz 

.- 

$ 2  

c + m  

u 
Y 
L a 
E 
al 

Lz: 

Description of 
lithology begins i 
60 feet 

Borinq Method 
HSA - Hollow Stem Augers . 
CFA -Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 



SOIL BORING LOG 

CLIENT F.E.R.M.C.O. BORING# B-1 
GEOLOGIST J. Wasserbauer JOE # 86-95-93-00002 
PROJECT NAME South Plume Packaqe 2D DRAWN BY J. Wasserbauer 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keltinq 

I 
I 

A 
I 

a l l  

I- 
I 

a l l  

n i  nc s 
4 c 
QI > 
0 
0 
QI 
U - 

ft. 

DRILLING and SAMPLING INFORMATION 

Date Started 5/20/93 Hammer Wt. 140 Ibs 

Date Completed 6/16/93 Hammer Drop 30 in. 

Drill Foreman CDS Spoon Sampler OD 2 in. 

Inspector JW Rock Core Dia. in. 

Boring Method HSA. Shelby Tube OD in. 

I SOIL CLASSIFICATION 

Sample Tvpe Moisture Content 
SS - Driven Split Spoon 
ST - Pressed Shelby Tube 
CA - Continuous flight Auger 
RC - Rock Core 

CT - Continuous Tube 

D = Dry g At Completion 

W = Wet 
M = Moist 5 After hours ft. 

6 Water on Rods 70.0 ft. 
CU - Cuttings + At Survey ft. 

TEST D, 

C 
0 

C U I  
t a a  
L L  

.- 

t 2  2 .- 
PI 

U 

u -  
tau) 

a m  

m a  
c t m  

\ 

L 5  

z : s  

Eor - Methc 

u) 
Y 
L 
Q 
E 
0) a: 

Description of 
lithology begins i 
60 feet 

HSA - Hollow Stem Augers 
CFA - Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 

Page 2 of 7 
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- - - - - - - - - - - 
- 
- - 

- 
- 
- 
- - - 

f l  

i.: Very dense, light brown to yellowish orange, coarse 
&.?: to fine SAND, trace of gravel and fines, iron staining; 
& dry (SW). 
, ..:.\ I 

;,'.:.:.! Very dense, light brown to yellowish orange, medium 
;:{ to fine SAND, trace of gravel and fines; dry to moist 

f.'.:.:. .. .-. Same as above, with iron staining; dry (SP). 

;: 

... . 

... _ -  
- p P ) .  ... ;. I 

.... : I i . .  

SOIL BORING . > 'i 4r33 - *. ATEC Associates, Inc. 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-211-2 

CLIENT F.E.R.M.C.O. BORING# B-1 
GEOLOGIST J. Wasserbauer . JOB# 8895-93-00002 
PROJECT NAME South Plume Package 20 DRAWN BY J. Wasserbauer 
PROJECT LOCATION Fernald. OH APPROVED BY D. Ketting 

DRILLING and SAMPLING INFORMATION 

DateSMed 5/20/93 . Hammer Wt. 140 Ibs. 

Date Completed 6/16/93 Hammer Drop 30 in. 

Drill Foreman CDS Spoon Sampler OD 2 in. 

Inspector JW Rock Core Dia. in. 

Boring Method HSA @elby Tube OD in. 

TEST DE 

C 
0 

C U I  
a a l  
L L  t o  9 1 c  c -  
al & a  

\ 
u l n  
L 3  a 0  u -  
aUI 

.- 

c t m  

- - 

s 
3 
L 
al > 
0 
0 
al 
U 

7= tc a t  
t a l  
v)O 

L a  

UI 
Y 
L a 
E 
al e 

II SOIL CLASSIRCATION 

Description of 
lithology begins 
60 feet 

60.0 

62.0 

64.0 

66.0 

68.0 

70.0 

72.0 - 

- 
96 

- 
50 
18 
102 
85 

38 
62 
J8 
62, 
68 
90 
14 
105 
64 
57 
49 
6S 
6, 
83 
89 
100+ 

83 
70 
71 

- 

- 

ss 

ss 

ss 

ss 

ss 

ss 

- - 

100 

- 
81 

Very dense, brown to light brown, coarse to fine 
SAND, trace of fines and cobbles, iron staining 
bands; moist (Sw). I 

75 

100 /r. dense, light gray to greenish gray, medium to 
..2: fine SAND with fines, trace of gravel, iron staining 
.... bands; moist (SP). 
:::. Very dense, light gray to greenish gray, coarse to 
'-... medium SAND with fines, trace of gravel; wet (SP). 

.. _. . . .. .. Mater on the rods 
tt 70.0 feet. 

W 

IWC - - 
Borinq Meth Sample Type Moisture Content 

;S - Driven Split Spoon D = DW p At Completion HSA - Hollow Stem Augers 
CFA - Continuous Right Augers 
DC - Driving Casing 
MD - Mud Drilling 

ft. - 
iT - Pressed 'Shelby Tube M = Moist 5 After hours ft. 

6 Water on Rods 70.0 ft. >A - Continuous flight Auger 

' h -  + At Survey ft. 
3C - Rock Core 
>U - Cuttings . 

W = Wet 

- .  - . ' .  >T - Conti&ous Tube . .  . 
Page 3 of 7 255 



SOIL BORING LOG 
- 

. - i T E C  Associates, Inc. 

. ~1%~~~,%%241 
(513) 771-2112 

CLIENT F.E.R.M.C.O. BORING# 6-1 
GEOLOGIST J. Wasserbauer JOB # 8695-93-00002 
PROJECT NAME South Plume Packaae 2D DRAWN BY J. Wasserbauer 
PROJECT LOCATION Fernald. OH APPROVED BY D. Kettinq 

DRILLJNG and SAMPLING INFORMATION 

Date Started 5/20/93 Hammer Wt. 140 Ibs 

Date Completed 6/16/93 Hammer Drop 30 in. 

Drill Foreman CDS Spoon Sampler OD 2 in. 

Inspector JW Rock &re Dia. in. 

Boring Method HSA Shelby Tube OD in. 

TEST DATA 

al C 
0 

+ m  
a a l  c c  

c -- 
al 

\ 
D 
a 0  u -  
m a  

% 2  

L S  

a m  

c t m  

P 
Y c m 
E 
al a 

.- 
C 
0 .- 
0 
0 
L 
P 

L - e, 
a 0 1  
+ P I  

I-> 

+ 

0 a <  

II SOIL ClASSlFlCATlON 

100 

74.0 
ss 

ss 

ss 

ss 

- 
ss 

- 
ss 

- 
ss 

ss 

ss 

Same as above: wet (GM). 

76.0 

SAND, trace of gravel and fines: wet (SP). 
78.0 

80.0 

46 

33 
42 
29 
21 
32 
10 
I19 
H) 
52 
67 
42 
44 
33 
110 
49 
41 
54 
84 
44 
34 

loo+ 
loo+ 
42 
JJ 

LOO 
166 
15514 

35 
1 
31 
21 

S t  
40 
42 
41 
30 
60 
32 

m 

- 
100 

81 

Stopped driling 
18: 00 5/20/93 

Start drilling at 
7 : s  5/21/93 

Possible contac 
between 91.5 - 
91.7 feet 

Dense. dark brown medium to fine SAND, grades to 
SANDY GRAVEL with fines: wet (GM). 82.0 - 

100 ...:.:< Very dense, olive gray, medium to coarse SAND with 
.'.:::.: gravel, trace of fines; wet (sP). 

..'.:.! Very dense. olive gray, medium SAND with fines, 

.,e.::: trace of gravel; wet (SP). 
.- . 86.0 1 84.0 _. . 
_. . 

- 
66 

Very dense, olive gray to dark brown coarse SILTY 
SAND, trace of gravel: wet (sP). 

88.0 
13 

Very dense, olive gray ' coarse. SANDY GRAVEL 
trace of fines: wet (GM). 

, 90.0 - 
87 

92.0 

94.0 

Very dense. olive gray, fine to coarse SAND, trace of 
.. . gravel; wet (SP). 96.0 

Sample Type Moisture Content 
30 I 

Boring Method water 
HSA - Hollow Stem Augers 
CFA -Continuous Flight Augers 
DC , - Driving Casing 
MD - Mud Drilling 

SS - Driven Split Spoon D = D y  g At Completion n. 
.. M = Moist 5 After hours n. 

70.0 n. 
ST - Pressed Shelby Tube 
CA - Continuous Flight Auger 
RC - Rock Core 0 Water on Rods W = Wet 

CU - Cuttings + At Sulvey n. 
CT - Continuous Tube 256 Page 4 of 7 



ATEC Associates, Inc. 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-2112 

TEST DATA 

C 
0 

4 
L L 
t o c  
PI c o  c .- 
PI 
II a +  \ o  u ulL 

u - -  
a m  
+ P I  
Cnl-Zk> 

.- 
t 

e 3 4  m o m  
c t m  

74 
37 
48 
51 
4s 
24 
31 
25 

43 
57 
50 
71 
38 
34 
36 
79 
50 
22 

LOO 
100/3 

a2 

23 

91 
200 
54 
32 

is5 
NYM 

66 
26 
18 
21 
25 
19 
22 
IS 
26 
IS 
14 
19 
19 
23 

n 

Boring 

SOIL BORING LOG ~ 

i * 4738 

PI 

5 
m 4  
P I N  

- 
.- 
.- 
0 

L r  

C P P  
m o E 

. o m 2  

Methc 

~ -- 

CLIENT F.E.R.M.C.O. BORING# 8-1 

PROJECT NAME South Plume Packaae 2D DRAWN BY J. Wasserbauer 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keltina 

GEOLOGIST J. Wasserbauer JOB # 86-95-93-00002 

DRILLING and SAMPLING INFORMATION 

Date Started 5/20/93 Hammer Wt. 

Date Completed 6/16/93 Hammer Drop 

Drill Foreman CDS Spoon Sampler OD 

Inspector JW Rock Core Dia. 

Sample TVpe Moisture Content Groundwater 
SS - Driven Split Spoon D = Dry n At Completion n. 
ST - Pressed Shelby Tube M = Moist 5 After hours ft. 

6 Water on Rods 70.0 n. 
+ AtSuwey n. 

CA - Continuous flight Auger 
RC - Rock Core 
CU - Cuttings 
CT - Continuous Tube 

W = Wet 

1- I 

t 
C 
PI c 
C 
0 u 
01 c 
3 c 
ul 

0 
I= 
.- 

W 

W 

- 
W 

- 
W 

ul 
Y c 
4 
E 
PI 
CL 

Stopped drilling 
16:15 5/21/93 

Start driling at 8 

Stopped drilling 
14:00, augers 
seized up 

Resumed drillin! 
6/16/93. stored 
samples in core 
boxes 

HSA - Hollow Stem Augers 
CFA -Continuous flight Augers 
DC - Driving Casing 
MD - Mud Drilling 
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SOIL BORING LOG :v ;;E;;;;;gzL241 
(513) 771-2112 

CUEM F.E.R.M.C.O. BORING# 8-1 
GEOLOGIST J. Wasserbauer JOB # 86-95-93-00002 
PROJECT NAME South Plume Packaae 2D DRAWN BY J. Wasserbauer 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keltincl 

140 Ibs. Date Started 5/20/93 Hammer Wt. 

. Date Completed 6/16/93 Hammer Drop 30 in. 

Drill Foreman CDS Spoon Sampler OD 2 in. 

E 
1 
t T  

I a t  
L P  

t a r  

SOIL CLASSIFICATION 

0) C 
0 
t m a  m c  + (0 a l N  e- c L c -  

- 
U 

.- n 

c n o  

122.0 

124.0 

3 Same as above (SC). I Id 127.0 

128.0 

Same as above (SC). 

-Jy 130.0 

17 Same as above (SC). 

A 132.0 .. :I 

brown, fine SILTY 

134.0 

135.0 i z  Same as above (SC). 
jpj 137.0 

AIi. I' I 138.0 

1;. r: Medium dense, greenish gray to light brown, ]':<;: medium to fine SILTY CLAYEY SAND: wet (SC). 
140.0 

141.0 

Same as above (SC). 

143.0 ju Same as above (SC). 

Sample Type Moisture Content Groundwater Borinq Meth 

Stopped drilling 
15:35 

Core Boxes to 
store samples 

- 
SS - Driven Split Spoon D = Dry g At Completion ft. HSA - Hollow Stem Augers . 
ST - Pressed Shelby Tube M = Moist 2 Aner n. CFA -Continuous Flight Augers hours 

6 Water on Rods CA - Continuous Flight Auger 
RC - Rock Core 

CT - Continuous Tube 

DC - Driving Casing 
MD - Mud Drilling 70.0 ft. W = Wet 

CU - Cuttings + AtSurvey ft. 

Page 6 of 7 r '  258 



ZTEC Associates, Inc. 
11 121 Canal Road 
Cincinnati, Ohio 45241 
(513) 771-21 12 

SOIL BORING LOG - 
i .. 4733 

_ _  

CUEM F.E.R.M.C.O. BORING# B-1 
GEOLOGIST J. Wasserbauer JOB # 8895-93-00002 
PROJECT NAME South Plume Packaae 2 D  DRAWN BY J. Wasserbauer 
PROJECT LOCATION Fernald. OH APPROVED BY D. Keltina 

DRILLING and SAMPLING INFORMATION 

Date Started 5/20/93 Hammer Wt. 140 Ibs. 

Date Completed 6/16/93 Hammer Drop 30 in. 

Drill Foreman C D S  Spoon Sampler OD 2 in. 

Inspector JW Rock Core Dia. in. 

Boring Method HSA Shelby Tube 00 in. 

SOIL CLASSIFICATION 

? '. Same as above (SC). 

.-.:.- Same as above (SC). 

... 

. .  
*. b . .  

iM Same as above (SC). 

Boring terminated at 1520 feet. Augers locked up at 
depth. 

Sample Type Moisture Content 

T 
tT a+ 
L a  
t a l  
DO 

45.c 

- 

47.c 

48.C 

5o.c 

52.C 

- 

ss 

ss 

ss 

- 
oundwater 

- 
56 

SS - Driven Split Sooon D = DW p At Completion ft. 
~~ - - 

ST - Pressed .Shelby Tube M = Moist After- hours n. 
0 Water on Rods 
+ At Survey 

70.0 ft. 
R. 

CA - Continuous flight Auger 
RC - Rock Care 
CU - Cuttinas 

W-=  Wet 

CT - Conti&ous Tube 
. .  I .  

f l  ' 

TEST DI 

C 
0 

t u 1  
m a l  
L T  + u  
a l c  c -- 
PI 

\ 
P u l  
L 3  
4 0  u -  
4 u l  

.- 

a m  

c + m  

;22! 
7 
6 
5 
5 
2 
16 

J 
2 
5 
6 
10 
It 
12 
8 

ul 
Y 
L a 
E 
al 
e 

EorinQ Method 
HSA - Hollow Stem Augers 
CFA - Continuous Right Augers 
DC - Driving Casing 
MD - Mud Drilling 
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ATEC Associates, Inc. 
e 

Corporate Office 
8665 Bash Street 
P.O. Box 501970 
Indianapolis. Indiana 46250-1970 
(317) 577-1761 FAX (317) 842-7308 

June 26, 1993 

Mr. David Kelting 
WATEC 
2646 Highway Avenue 
Highland, IN 46322-1613 

RE: Natural Gamma Ray Logs 
WATEC Project No. 86-05-93-00002 
South Plume Pumping Test 
Fernald Environmental Management Project 
Fernald, Ohio 
ATEC Geophysics Project No. 11-03-93-33013 

Dear Mr. Kelting: 

Attached you will find, at a scale of 1" = lo', natural gamma ray logs for the following installations: 
Well No. RW-4; Piezometer Nos. SPPZ-1, SPPZ-2G,.SPPZ-3, SPPZ-4, and SPPZ-5; and Boring No. 
B-1. In addition, please also find a 3%" floppy disk containing the processed log data corresponding 
to the hard copies in ASCII text format. 

Also attached to this letter you will find the following additional information: 1) equipment 
specifications; 2) logging parameters; 3) processing parameters; and 4) quality control information 
including duplicate run and calibration data. Please note that additional information can also be found 
on the log headers. 

It has been a pleasure working with you on this project and we look forward to working with you in 
the future. If you have any questions or require further information, please do not hesitate to call me 
at (317) 577-1761 extension 4744. 

Sincerely, 

ATEC Associates. Inc. - 

Director of'eeological Sci'inces 

attachments 

t A Subsidiary of American Testing and Engineering Corporation 
Offices in Major US. Cifies/Since 1958 

2 6 f 
Consulting Environrnenfal, Geofechnical and 

Materials Engineers 



ITEM 

Logging Control Unit 
including winch, cable, and 
electronics 

Natural Gamma Logging 
Tools 

Portable Power Source 

Computer 

Printer 

Data Acquisition Software 

EQUIPMENT SPECIFICATIONS 

MODEL 

Mount Sopris Model MGX-200 
Single Conductor Digital Logging 
System 

1) Mount Sopris Stratigraphic 
Gamma/SP/SPR Single 
Conductor Model HLP-2375/S 

2) Mount Sopris Small Mining 
Gamma/SP/SPR Single 
Conductor Model HLP-2375/1 

Honda Model EX-1000 

Compaq Laptop Model 3/25 
Contura 

Qson Model LQ-850 

Mount Sopris Digital Acquire 
System 

COMMENTS 

Integrated lightweight, semi- 
portable unit. Controlled by 
external PC through serial 
RS-232 link. 

Used on all holes except B- 1. 
0.875"x3" NaI Crystal. Tool 
dimensions: 1.26" diameter, 
49" length, 6.5 lb. weight 

~~ 

Used on B-1 because .of 
diameter restrictions of hole 
(1.375" ID). Crystal size 
unknown, much smaller than 
above. Tool dimensions: 1 'I 
diameter, 49" length, 6.0 Ib. 
weight 

1000 watt clean power source 

Analog data from logging tool 
and depth encoder is digitized 
within the logging control unit 
and is transmitted to the PC. 

Page I of 1, Attachments 
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South Plume Pumping Test 
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i b- 5;r. 4733 
I 

ITEM 

Logging Direction 

Depth Reference 

Probe Reference Point 

Digitization Interval 

Stacked Runs (small tool 
only) 

Compensation for large 
diameter steel casing in 
RW-4 

LOGGING PARAMETERS 

PARAMETER 

1) 15 Wmin with large, 
stratigraphic tool 

COMMENTS 

All holes except B-1 

2) 5 Wmin with small, mining 
tool 

B-1 only. Slower because of 
small crystal giving only 20% 
of the response the large tool 
gives. 

Upwards 

Top of Riser Pipe 

Top of Cablehead Spring 

0.1 feet 

5 consecutive logging runs 

Logging tool decentralized to 
edge of 26" steel casing. 

Converted to elevation at final 
processing for common 
reference datum. 

Multiple runs were necessary 
to improve comparison 
between B-1 results and other 
holes. Stacking also greatly 
improves the signal to noise 
ratio. 

Tool was also run in annular 
space outside steel casing 
down to about 40 feet where 
36" hole ended for 
comparison. 

Page 2 of 2, Attachments 
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- .  4 1 3 3  

Correction for steel, water, 
and large dia%eter in RW-4 

PROCESSING PARAMETJZE3 

Multiplied data by 3.0 in 
plotting stage. Raw data is not 
amplified. 

ITEM I PARAMETER 

Software Packages Used - 
various 

I 

Interpolation and fdtering 

~~ ~ 

Primary Log Data Processing: 
Mount Sopris Plot Utilities 

~ 

For Gamma Calibration 

Additional Data Manipulation 

Interpolate to every 0.1 feet 
Data smoothed with triangul& 
5 point weighted average 

Correction for small crystal in 
Boring No. B-1 to make 
results comparable to other 
holes logged with larger tool 

Conversion to elevation 

Averaged 5 consecutive 
logging runs, multiplied by I 

5.12 and subtracted 0.04. 

COMMENT 

Those used: INTERPD, 
HMERGE, WLCHFCK, 
WLHEAD, PRNPLOT, 
PRNHEAD 

GAM-CAL, a BASIC program 
written by ATEC 

Smartware 11 Spreadsheet 

Program: INTERPD 

~ 

Comparison of RW-4 data 
inside steel casing revealed 
that on average the total CPS 
was one third as great as 
adjacent holes nearby. 

See Q N Q C  information for 
origin of correction equation. 

At plotting stage. 
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QUALITY CONTROL INFORMATION 
4 7 3 a  '1 - ' 

DUPLICATE RUN DATA - SPpZ2G 

20 
Natural Gamma (CPS) 

40 60 
I I I I I I I I I I I I I I I I ' I I I I  

~~~ -- I - - - - - - - =  

n 
4 a a- ccc 
J 

G 
0 
4 
cd + a 
*d 

Ei 

560 

540 

520 

500 

480 

460 

440 

A I 
420 I 

80 

- 

Run No. 1 
Run No. 2 
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QUALITY CONTROL INFORMATION 

. DATE 

BENCH MARK4 

MAY 4, 1993 

CALIBRATION' DATA - STANDARD STRATIGRAPHIC (LARGE) TOOL 

B A C K G R O W  STAND- DIFFERENCE 

30.09 193.49 163.40 

28.98 181.97 153.00 - ~ ~ ~~ 

MAY 11, 1993 (AM) 29.30 187.15 157.85 

MAY 11, 1993 (PM) 31.00 189.37 158.37 

._ 1.. 

Calibration is performed with logging system in "time drive" while tool is held stationary. A data 
point is digitized every second for a minimum of 120 seconds. The data are then averaged, as 
summarized below. 

That is, logging tool lying stationary on floor of logging truck. * 

Standard consists of a snug-fitting neoprene sleeve which has a slug of radioactive material 
attached against it. The radioactive material consists of ashed gas lantern mantles containing trace 
amounts of Thorium. 

Bench mark test performed at designated calibration area and is standard by which aU subsequent 
calibration runs are compared. 
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... 

26.46 

34.10 

180.45 

QUALITY CONTROL INFORMATION 

5.22 5.07 WATER FROM SPPZ-1' 

6.64 5.14 BACKGROUND 

54.69 3.30 STANDARD. 

COMPARATIVE CALIBMTION DATA LARGE VS. SMALL GAMMA TOOL' 
JUNE 22, 1993 

11 LARGETOOL I SMALLTOOL I LARGE/SMALL I MEDIUM II 

Both logging tools were calibrated in the same manner to facilitate comparison. These data are 
also shown graphically on the next page. 

' Tools were placed in water bailed from SPPZ-1 for two reasons. First, the gamma ray 
attenuation caused by water gives a valuable comparative calibration point, and second, this test 
was run to determine whether the trace concentration of Uranium in the groundwater would cause 
an undesirable noise factor in the logs (it does not). 
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QUALITY CONTROL INFORMATION 
.. 

COMPARISON OF LARGE VS. SMALL GAMMA TOOL 

40 

n 

2 30 u 
W 

d 
0 

cd g 20 
cd 
c3 

r -  
I .  . 
. . .. 

Q) 
hD 
k 
cd 
c;l 

10 

0 
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A I t C  G K  ? H W  GAL jt.kVlCl3 
WATEC PROJECT NO. 86-05-93-00002 

F I  L E  m M B E R : I  

LOG MEnanED FROM 

ELEVAllON 591.725 I t  

Tcp 01 Rises 
N o t u r d  G- Ray 

COMPANY: FERMCO/DOE 
PRO.JECT: Scuth Plunr, Test Wells 
WTLL IDENTIFICATIO~1:Baing Na 8-1 

COUNTY: Honiltm S T A I E :  Ohio 

- _I- 
COOHOINA I ES: 
N 474155.3 
E: 1 .war. 33.9 

ELEVATI0N:KR: n/a 
UF.: n/o 
GL: 590.; ' 11. 

Run No. 1 _ _ _  ...... --- 
.. June 22. 1993 TluiJ Level 70.3 lect -- 

___ - Ootlol-ed - __ Int. 152.2 l e e t  
rrp I.mjyeJ Inl. - 3 2 Ieet .... .. 
f o o t o g e e d  149 f e e t  

__ 
LOGGED BY: 

REMARKSTW 01 riser stick-up <ibwul 12" NOTE: LOGGED WI T I i  S M I  ILL 1"CJI)GIMMA 
obo:e ground level. 

Loqqed l r m  tw 01 riser. 

TOOL A T  5 F T/hllN. 5 RI INS TOT& r0 
REACH E9UIVAI.CNI CPC ; AS 01KRHOLES 

6 

! 

0 .  

n 

I 
U 

W 0 2. 
3 os 
Z 0 
W 
I 

K g  Noturd Garmo Rov 
Counts Per Second 

. . . -  . r. . .- . . . .  ,.- - ... - . . . .  ,.C , , 7  .......... 
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# i  

GEOPHYSICAL WELL LOG: 
Noturol G o m m  Ray 

473% . 

FVWPMNT OATUI: M&nSeoLevel OTHER SERVICES: 

LOG MEASWED FROM Tcp of Riw 

ELEVATION 592.750 f t  

. . .  

.............. 

. . . . . . . . . . . . . . . .  

. . . .  

. .  - -. . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  . .  

..................... - .... _. .......... 

. .  
.. .- ................ ..... - ..... __. . ............ 7.  1 . .  .......... . .  

.- .- .............. __ .......... ..... -. ...... .. .- . - .. . . . . . . . . . . . .  __ . . . .  
. .  . .  . .  . .  

Naturd G a m n  Ray 
e0 C m t s  Per Second 

SOlJTH PLUME - WATEC PROJECT NO. 86-05-93-00002 

COMPANY: FERMCO/OOE 

WELL IOENTIFICATIONPictomta No. SPPZ-5 39U 
PROJECT: Swlh P l u m  Test Wells 

ATEC GEOPHYSICAL SERVICES 

r s  
> I -  2 " 

COORDINATES: 

E: 1380576.61 
N: 474557.30 ' O m  O r  

n v  ELEVATIONKB: n/o 

I 
. .  ' 1 OCCED BY: 1 Gregory Eyer 

I Dove Kellinq I WITNESSED BY: 

REMARKS: Tw of riser stick-up o b w l  50" 
above qrwnd level. 

Logged from top of riser. 

- 
CA 
cd 
cd 
N 
ch 
J 
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I I 

GEOPHYSICAL WELL LOG: 
Natural G a m  Ray 

. . .  . . .  
...................................... . . .  

. . .  . . .  . . .  . . .  . . .  F- I :. .............. ........... .... . . .  . . .  . . .  . .  . .  . . .  
. .  

. .  . .  

K O  Natwd Comm Roy 
C a r d s  Per Seccnc loo ' 

SOJTH PLUME - WATEC PROJECT NO. 86-05-93-00002 

E W N T  OATLM: M m  SeoLevd 

LOC MASlRED FROM 

OTHER SERVICES: 

lcp cf R iss  

j ATEC GEOPHYSICAL SERVICES ! 
WATEC PROJECT NO. 86-05-.93-00002 

F I  L E  NUMBER:11%3-93-33 478% 

fLEVAllON 5Y2.631 t t  i 
zomta Na WZ-4 3922 

Logged f r o m  top of riser I 

P 
v3 
cd 
cd 
N 
b 
4 

i .i, 

d - '  



. . .  . .  . . .  . . .  .. . . . . . . .  . . .  
. .  
. .  . .  . .  

/ - . . .  . . .  
L : 

. .  .. . ...... . . .  . . .  - . .  .. ... . . . . . . . . . . . . . . .  
- 

. .  . .  
. . .  . . .  - .  - . . .  . . .  . .  . . . . . . . . . . . . . . . . . . .  . ...... . . .  

. .  --..-..-.-..I 4 

2 . . .  . . .  
. .  . . .  . . .  . . .  . ...................... .......... .. . . .  . . .  . . .  ....... ........ ...... . . 

..... ............ . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . .  . . .  . . . . . . . . . . . . . . . . . . .  ... . . .  
. . .  

..................... . ........... .................. .......... 
. . . . . . . . . . . . . . . .  . ...... 

I - -  

. .  

................................ ........... ....... ..... ....... 

. .  . .  ._ 
. .  __ _ . .  

. . .  

. .  
._... -_- 

. . .  ..... .............. ...... .................... 

. .  

. 

[ : a : ;  # ;s:  
i" IvI 1 :---7<>., . .  . . .  . .  __ . .  . . .  . . .  . . .  - .  . 

. .  --5-=- . . .  . . . . . . . . . . . . . . .  
.......................... .... 

I 

. . . . . . . . .  I 
i . . . . . . . . . .  

. . . . . . . . . . . .  
. . . . . . . .  

- -. 
.... . . . . . . .  
.......... 

. . .  .- ....... 
. . . . . . . . . . . . . .  

. . . . . . . .  
. . . . .  
. . . . . . . . . . . .  
. . . . .  

1 ATEC GECFHYSI CAI- SERVl CES 
' 'ATEC PROJECT NO. 86-05-93-00002 

F I  C E N U ! . 4 Q E R : l l - O 3 - 9 3 - ~ 3 1 3  

LOG MEASIPEC) FROM 

ELEVATION 591.486 

Tcp of Riser 

REMARKS: lop of riser stick-up about 34" 
obove qrwnd level. 

Logged f r o m  top of riser. 



PEWMNT DAILM: M m  Sea Level 

LOC NASLRED FmM rcp of 

ELEVAnON 594.109 I t  

OTHER SERVICES: 

ATEC SEdF'HYSI CAL:SERVI CES 
EC P!?OJECT NO. 86-05-93-0000 

FI L E  NUMBER:1+-03-93- A7 3s 
W A  

GEOPHYSICAL WELL LOG: 
Noturol G a m  Ray 

COMPANY: FERMCO/OOE COORDINATES: 
PROJECT: Scuth P l u m  Tesl Wells 
WELL IDENTIFICATICNPierot~ Na WZ-1 3910 

N: 474528.62 
E: 1380640.63 

n O Z  ELEVATION:KB:n/o 

COUNTY H o d l o n  STATE: Ohio I . . .  
v 

5- " .. . . . . . . . .  
_. .. -. ..... 
. - . . . . . . . . . .  

. . . . . . . .  
. . . . . . . . .  
. . - .. -. . 
- - . . .  - . 

lll 

D N I 

T o p  Logged Inl. 3.7 feel  Fluid V i s c o s i ( y  l o  
- fvolaye Logged 109 feel  fl. D-sist . , t  

BotIom(0riller) 110 I t  f l .  K c S X B i T  

Cosing (IromLog) Fluid pH 
Casing (Driller) Circulolion Tern  
Casing Size 2 in. PVC Boltom Hole Terrp 
B i l  Size 7.75 inches 

___ 

(ri 

0 
'D 

L 

- 
I 1 LOGGED B Y  I Gregory Eyer 

I WITNESSEO BY: I Dave Keltino 

REMARKS.Top of riser stick-up obout 41" 
above ground level. 

Logged from top of riser. 

..... ........... ....... 
. . . . . . . . .  

n m 
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... ... .. ̂__ . -. . , . . .  .. ____ 
- 1 i-7 . . ; I I ' . . .  ........ ......... -. ........ - _ _ ..... 

. .  . .  

GEOPHYSCAL WELL LOG: PEWMNT DATUM Mw, Sw Levd 

. .  1 . .. ......-: .................. .......... 

OTHER SERVICES: 

............ ... ...: .... 

Dote 
Bottomlogged Int. 
Top Logged Int. 
Footoge Logged 
Eottom(0ril ler) 

..... ..... ............................. ......... 

Moy 1 I .  1993 Fluid Level 73.38 feet 
164.4 feet Fluid Nature Grcund Woter 
3.7 feet Fluid Viscosity n/o 
160.7 feet FI. Resistivity 
I66 It FI. Res. ot EHT 

- -  - I I 

Bit Size 

I 
I 

I 
I 

7.75 inches I I 
I LOGGED B Y  
I WITNESSED B Y  

1 Gregory Eyer 
I Dove Kelting 

................ L ........ .... .................................... I ........ 
.............. - .. _ ...................... 
.... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  

. . .  . .  
__. ....... __ ....... ._ .................... - . 

........ .... ......... . . . . . . . . . .  
.- ...... ................ ........ ...... ................... 

......................... . . . . . . . . .  

, . .^ ..................................... 
........ ... ....... I -  - I  I 

T r p -  A I E.- ,tOPHYSI CAL SERVICES 

ELEVATION 592.086 f t 

COMPANYFERMCO/DOE 
PROJECT: South Plum? Test Wells 
WELL I0ENTIFICATION:Piez~t~ Na SPPZ-291920 

STATE: Ohio COUNTY: Harrilton 
I 

I R i m  Nn 1 I I Run No. 1 

COORDINATES: 
N: 474492.1 8 
E: 1380596.30 

ELEVATI0N:KB: n/o 
OF: n/o 

I GL:589.3 1 1 .  

Cosing ( ~ r m ~ o g )  I I Fluid pH I 
 COS^ (Driller) I I Circulation Temp 1 
Casing Snie 1 2  in  Stoinless I E o t t m H d e  Temp I 

REMARKS: T o p  of riser stick-up obout 33" 
obove ground level 

Logged f rom top of riser 



ATEC Geophysicd Ser\u'ce4733 
WATEC PROJECT NO. 55-05-93-00002 

GEOPHYSICAL WELL COG: EKMXIANNT DATW: Uem Sea Level OTHER SERVICES: 

L1.K hrEASLmD Fmhl: 

ELEVATICW 590.71 f!. 

Tw of 26' Cy. Natural Go- Ray 

' I  

REMARKS:Laqged from top of 2 6 '  steel casing 
befsre ~ d l  was installed. Ran tool 
almg edge of steel casing (decen- 
tralized). Mode 2nd run in s' annular 
space outside of steel to apprax. 

CCNPAVY: FERU':@/QOE 
T O J E C T :  Sw!h P l u m  :est vI'e!Is 
WELL IDENTIFICATI0N:Recovery Well Ne. RW-C 3927 

36 feet where 36" hole ended. 

H d e  standing full of water. 

STATE: Ohio C O U N T Y  Hom'lton 

COORDINAiES: 
N: 47451 2.1 
E: 1350596.1 

ELEVATI0N:KP: n/a 
OF: n/a 
GL: 
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10 June 93 

David B. Kelting 
WATEC 
2646 Highland Avenue 
Highland Indiana 46322 

Dave, 

Enclosed you will find a letter reporting to you what was wrong with the HERMIT 2000. As I had stated 
ia rhc fieid to you anti Paul, hat  Lhr: internal ciwk has nothiiig io do with die watzr lcvel Il ie~uiefi~~liis .  
The internal clock only tells the HERMIT when to wake-up and take a data point. 

If you have any questions please call at 307-742-82 13. 

s i n c ~ l Y Y g P i  

r2 

John E. Ben& Jr. 
,Manager, Metlab 

I 



June 10, 1993 

David B. Kelting 
WATEC 
2646 Highland Avenue 
Highland -Indiana 463 22 

Mr. Kelting, 

In-Situ data logger model Hermit 2000 #148 has been evaluated and repaired by our Product 
Service department. The internal clock was found to be keeping inaccurate time and sent in for 
maintenance. 

The real-time clock crystal in the unit was oscillating at the incorrect fiequency of 30 KHz instead 
of 32.768 KHz. The failure was believed to be caused by the age of the crystal. The faulty crystal 
has been replaced and timed to be within design specifications. 

The real-time clock is used for the purpose of powering up the unit for data collection at the 
programmed time and has no other function. Collected data is not affected by the real-time clock. 

If you have any fbrther questions regarding your unit, please feel free to call John Benedik or our 
Product Service department at 1-800-446-7488. 

Sincerely, 

Brent Glover 
Electronics Maintenance Technician 
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A Q T E S O L V  

. A Program for 

Automatic Estimation of Aquifer Coefficients 

From Aquifer Test Data 

. . ... 

By : 

Glenn M. Duffield 
and 

James 0. Rumbaugh, I11 

Geraghty & Miller Modeling Group 
1 8 9 5  Preston White Drive, Suite 3 0 1  

Reston, VA 2 2 0 9 1  

( 7 0 3 )  .47.6 - 0335  

A. .Q T E S 0 L V is a user-friendly program designed to 
analyze data from aquifer tests automatically. Aquifer 
coefficients for a variety of aquifer test conditions can 
be estimated by A Q T E S 0 L V , including the following: 

o confined aquifers, unconfined aquifers, 
and leaky aquifers 

o pumping tests, injection tests, recovery tests, 
and slug tests 

Features: 

o Interactive., menu-driven program design 

o Nonlinear least-squares estimation of aquifer coefficients 

o Statistical analysis of results 

0 '  Complete graphical display of results 

#. . . 
., .. , 
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A Q T E S O L V  R E S U L T S  
Version 1.10 

08/10/93 23:04: 

Data set.. ......... 3910.d2 
Data set title ..... Well 3910 (SPPZ-1) Neuman Analysis 
Knowns and Constants: 

No. of data points .................. 71 
Pumping rate ........................ 56.82 
Radius (distance) to obs. well ...... 47.5 
Aquifer saturated thickness ......... 96 

Partial Penetration Data: 
Depth of top of well screen......... 4 
Depth of bottom of well screen..... . 44 
Depth of top of o b s .  well screen, ..... 4 
Depth of bottom of obs. well screen.. 44 
Hyd. conductivity ratio (Kz/Kr) . . . . .  0.15 

Neuman (Unconfined Aquifer) 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 2.8931Ei001 + / -  7.2808E-001 
S = 1.1803E-002 + / -  2.1264E-003 
Sy = 2.5977E-001 + / -  3.0252E-002 
B = 4.4673E-002 + / -  2.8518E-003 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals ............... 71 
Number of estimated parameters.. . .  4 
Degrees of freedom . . . . . . . . . . . . . . . .  67 
Residual mean ...................... 0.0001791 
Residual standard deviation . . . . . . .  0.02591 
Residual variance . . . . . . . . . . . . . . . . .  0.0'006712 298 



I . c  

2 7 m  4733 
2del Residuals: 

Time - - - - - - - - - - - -  
0 . 0 5  

0 . 0 9 9  
0 . 1 4 8  
0 . I 9 9  
0 . 2 4 8  
0 . 2 9 8  
0 . 3 4 7  
0 . 3 9 7  
0 . 4 4 6  
0 . 5 1 3  
0 . 5 4 6  
0 . 5 9 5  
0 . 6 4 5  
0 . 6 9 4  
0 . 7 4 4  
0 . 8 0 9  
0 . 9 0 9  
0 . 9 4 2  
0 . 9 9 2  
1 . 1 8 9  
1 . 3 8 8  
1 . 5 8 7  
1 . 9 8 3  
2 . 5 7 8  
2 . 9 7 5  

3 . 5 7  
3 . 9 6 6  
4 . 9 5 8  
5 . 1 5 7  

5 . 9 5  
6 . 9 4 1  
7 . 9 3 3  
8 . 9 2 4  
9 . 9 1 6  

1 1 . 8 9 9  
1 5 . 8 6 4  
1 9 . 8 3 2  

2 5 . 7 8  
3 1 . 7 3  

4 1 . 6 4 6  
5 1 . 5 6 2  
5 9 . 4 9 4  
6 9 . 4 0 9  
7 9 . 3 2 5  
8 9 . 2 4 1  
9 9 . 1 5 7  
1 5 3 . 3 7  
1 9 8 . 3 1  
2 4 7 . 3 7  
2 9 7 . 4 7  
3 5 6 . 9 6  
3 9 6 . 6 3  
4 9 5 . 7 8  
596'. 3 7  

. .  

Observed Calculated Residual - _ _ _ _ _ _ _ _ _ _ _ _ -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  
0 . 0 0 9 9 9 9 5  0 . 0 0 0 4 5 3 5 3  0 . 0 0 9 5 4 6  

0 . 0 1 9 9 9 9  0 . 0 0 9 0 3 2 8  0 . 0 1 0 9 6 6  
0 . 0 4 9 9 9 9  0 . 0 2 5 6 5  0 . 0 2 4 3 4 8  
0 . 0 6 9 9 9 8  0 . 0 4 5 8 0 1  0 . 0 2 4 1 9 7  
0 . 0 9 9 9 9 7  0 . 0 6 5 3 6  0 . 0 3 4 6 3 7  

0 . 1 3  0 . 0 8 4 1 9  0 . 0 4 5 8 0 7  
0 . 1 6  0 . 1 0 1 5 6  0 . 0 5 8 4 3 3  
0 . 1 9  0 . 1 1 7 7 3  0 . 0 7 2 2 6 3  
0 . 2 1  0 . 1 3 2 2  0 . 0 7 7 7 9 1  
0 . 2 1  0 . 1 4 9 7 8  0 . 0 6 0 2 1 1  

0 . 2 0 9 9 9  0 . 1 5 7 7 6  0 . 0 5 2 2 3 7  
0 . 2 0 9 9 9  0 . 1 6 8 7 5  0 . 0 4 1 2 4 6  
0 . 1 9 9 9 9  0 . 1 7 9 0 5  0 . 0 2 0 9 4 8  
0 . 1 9 9 9 9  0 . 1 8 8 2 8  0 . 0 1 1 7 1 3  
0 . 2 0 9 9 9  0 . 1 9 6 9 5  0 . 0 1 3 0 4 6  
0 . 2 1 9 9 9  0 . 2 0 7 5 3  0 . 0 1 2 4 6 3  
0 . 2 2 9 9 9  0 . 2 2 1 3 8  0 . 0 0 8 6 1 5 9  
0 . 2 3 9 9 9  0 . 2 2 5 5  0 . 0 1 4 4 9  
0 . 2 3 9 9 9  0 . 2 3 1 3 8  0 . 0 0 8 6 1 1 9  
0 . 2 4 9 9 9  0 . 2 5 0 9 1  - 0 . 0 0 0 9 1 9 2 4  
0 . 2 5 9 9 9  0 . 2 6 6 1 6  - 0 . 0 0 6 1 7 8 5  
0 . 2 5 9 9 8  0 . 2 7 8 2 5  - 0 . 0 1 8 2 6 9  
0 . 2 6 9 9 8  0 . 2 9 6 0 7  - 0 . 0 2 6 0 9  
0 . 2 8 9 9 7  0 . 3 1 3 7 3  - 0 . 0 2 3 7 6  
0 . 2 8 9 9 7  0 . 3 2 2 1  - 0 . 0 3 2 1 3 2  
0 . 2 9 9 9 6  0 . 3 3 1 1 1  - 0 . 0 3 1 1 4 6  
0 . 3 0 9 9 6  0 . 3 3 6 2 3  - 0 . 0 2 6 2 7 1  
0 . 3 1 9 9 5  0 . 3 4 6 2 8  - 0 . 0 2 6 3 3 3  
0 . 3 0 9 9 5  0 . 3 4 7 9 6  - 0 . 0 3 8 0 1  
0 . 3 0 9 9 4  0 . 3 5 3 8 2  - 0 . 0 4 3 8 8 6  
0 . 3 1 9 9 3  0 . 3 5 9 8 1  - 0 . 0 3 9 8 8  
0 . 3 1 9 9 2  0 . 3 6 4 7 7  - 0 . 0 4 4 8 5  
0 . 3 2 9 9 1  0 . 3 6 8 9 7  - 0 . 0 3 9 0 6 5  

0 . 3 3 9 9  0 . 3 7 2 6 3  - 0 . 0 3 2 7 2 8  
0 . 3 7 9 8 8  0 . 3 7 8 7 2  0 . 0 0 1 1 5 2 8  
0 . 3 8 9 8 4  0 . 3 8 8 2  0 . 0 0 1 6 3 1 9  
0 . 3 5 9 7 9  0 . 3 9 5 8 1  - 0 . 0 3 6 0 1 4  
0 . 3 8 9 7 3  0 . 4 0 5 6 3  - 0 . 0 1 5 9  
0 . 4 0 9 6 7  0 . 4 1 4 5 8  - 0 . 0 0 4 9 1 0 5  
0 . 4 6 9 5 7  0 . 4 2 8 4 5  0 . 0 4 1 1 1 9  
0 . 4 5 9 4 6  0 . 4 4 1 5  0 . 0 1 7 9 6 8  
0 . 4 6 9 3 8  0 . 4 5 1 4 1  0 . 0 1 7 9 7 1  
0 . 4 8 9 2 8  0 . 4 6 3 3 3  0 . 0 2 5 9 4 7  
0 . 5 3 9 1 7  0 . 4 7 4 7 1  0 . 0 6 4 4 6 8  
0 . 5 0 9 0 7  0 . 4 8 5 5 8  0 . 0 2 3 4 9 5  
0 . 5 3 8 9 7  0 . 4 9 5 9 7  0 . 0 4 2 9 9 4  

0 . 5 2 8 4  0 . 5 4 5 7 7  - 0 . 0 1 7 3 6 3  
0 . 6 0 7 9 3  0 . 5 7 9 8 9  0 .028049  
0 . 5 8 7 4 2  0 . 6 1 3 0 2  - 0 . 0 2 5 5 9 3  

0 . 6 8 6 9  0 . 6 4 0 9  0 . 0 4 6 0 0 5  
0 . 6 7 6 2 8  0 . 6 6 9 4  0 .0068829  
0 . 6 9 5 8 7  0 . 6 8 6 1 4  0 . 0 0 9 7 2 5 4  

- &  0 . 7 1 4 8 4  0 . 7 2 2 3  - 0 . 0 0 7 4 6 3  
0 . 7 2 3 7 9  0 . 7 5 2 5 7  - 0 . 0 2 8 7 8 3  . .  . "  

I . 

Weight 
_ _ _ _ _ _ _ _ _ _ _ _ -  

0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  

0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  

0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 '  
1 
1 .  
1 
1 

0 .  2.5 
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. 6 9 4 . 1  
7 9 3 . 2 5  
1 0 0 2 . 4  
1 0 1 1 . 4  
1 5 4 7 . 4  

2003 
2498 .8  
2994 .5  
3450 .7  
4005 .9  
4997 .5  
6008 .9  
7 0 0 0 . 5  

7992 
9 0 0 3 . 4  

9995 
10193  

! 0 . 7 7 2 7 7  
0 . 7 9 1 7 4  
0 . 7 8 9 5 6  
0 . 8 1 9 4 7  
0 . 8 5 3 8 8  
0 . 9 1 9 1 4  
0 . 9 6 3 9 7  
0 . 9 7 8 8 1  

1 . 0 0 4 1  
1 . 0 3 8 3  
1 . 0 8 7 9  
1 . 1 0 7 4  
1 . 1 4 7 1  
1 . 1 6 6 8  
1 . 2 3 6 2  
1 . 2 8 5 9  
1 . 2 7 3 8  

0 . 7 7 7 5 3  
0 .79949  
0 . 8 3 7 8 2  
0 . 8 3 9 2 9  
0 . 9 0 8 5 1  
0 .95012  
0 . 9 8 5 5 8  

1 . 0 1 4 5  
1 . 0 3 7  

1 . 0 6 0 7  
1 . 0 9 5 6  
1 . 1 2 4 6  
1 . 1 4 8 7  
1 . 1 6 9 6  
1 . 1 8 8 5  
1 . 2 0 5 2  
1 . 2 0 8 4  

-0 .0047649  
-0 .0077497  

- 0 . 0 4 8 2 6 4  
- 0 . 0 1 9 8 2 6  
- 0 . 0 5 4 6 2 5  
- 0 . 0 3 0 9 8 6  
- 0 . 0 2 1 6 0 7  
- 0 . 0 3 5 6 5 3  

- 0 . 0 3 2 9 5  
- 0 . 0 2 2 3 9 8  

- 0 . 0 0 7 6 5 4 6  
- 0 . 0 1 7 1 9 8  

- 0 . 0 0 1 5 7 6 9  
- 0 . 0 0 2 8 3 2 1  

0 . 0 4 7 7  
0 . 0 8 0 6 5 4  
0 . 0 6 5 4 3 1  

' 300 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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lata set . . . . . . . . . . .  3911.dat 
lata set title . . . . .  Well 3911 (SPPZ-2A) Neuman Analysis 
:nowns and Constants: 

No. of data points . . . . . . . . . . . . . . . . . .  66 
.Pumping rate ........................ 56.82 
Radius (distance) to obs. well . . . . . .  19.9 
Aquifer saturated thickness . . . . . . . . .  96 

'artial Penetration Data: 
Depth of top of well screen......... 4 
Depth of bottom of well screen...... 44 
Depth of top of obs. well screen..... 4 
"Depth of bottom of obs.  well screen.. 44 
.Hyd. conductivity ratio (Kz/Kr) ..... 0.15 

leuman (Unconfined Aquifer) 

TATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 2.8430E+001 + / -  6.2051E-001 
S = 1.8199E-002 + / -  4.8041E-003 
Sy = 3.5000E-001 + / -  4.9246E-002 
6 = 2.4826E-002 + / -  2.1372E-003 

NALYSIS OF MODEL RESIDUALS 

,esidual = calculated - observed 
reighted residual = residual * weight 

'eighted Residual Statistics: 
Number of residuals . . . . . . . . . . . . . . .  66 
Number of estimated parameters . . . .  4 
Degrees of freedom . . . . . . . . . . . . . . . .  62 
Residual mean.. . . . . . . . . . . . . . . . . . . .  -0.001631 
Residual.standard deviation . . . . . . .  0.03429 
Residual vaFiance . . . . . . . . . . . . . . . . .  0.001176 ,301 



+-. 47 33 
Model Residuals: 

Time - - - - - - - - - - - - -  - 
0 . 0 5  

0 .099  
0 .148  
0 * 199 
0 . 2 4 8  
0 . 2 9 8  
0 . 3 4 7  
0 .397  
0 . 4 4 6  
0 . 5 1 3  
0 . 5 4 6  . 

0 . 5 9 5  
0 . 6 4 5  
0 .694  
0 . 7 4 4  
0 .809  
0 .909  
0 . 9 4 2  
0 .992  
1 . 1 8 9  
1 . 3 8 8  
1 . 5 8 7  
1 . 9 8 3  
2 .578  
2 .975  

3 . 5 7  
3 .966  
4 .958  
5 .157  

5 . 9 5  
6 . 9 4 1  
7 . 9 3 3  
8 . 9 2 4  
9 . 9 1 6  

1 1 . 8 9 9  
1 5 . 8 6 4  
1 9 . 8 3 2  

2 5 . 7 8  
3 1 . 7 3  

41 .646  
51 .562  
59 .494  
69 .409  
79 .325  
8 9 . 2 4 1  
99 .157  
1 9 8 . 3 1  
297 .47  
356 .96  
396 .63  
4 9 5 . 7 8  

6 9 4 . 1  
7 9 3 . 2 5  
1011' .  4 

2003 

- 
Observed Calculated Residual Weight 

- - - - - - - - - - - -  - - - - - - - - - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
0 . 0 0 9 9 9 9 5  0 .043473  -.o. 033473  0 . 2 5  

0 . 0 5 9 9 9 9  0 . 1 1 8 7 6  - 0 . 0 5 8 7 5 8  0 . 2 5  
0 . 1 1  0 .17784  . - 0 . 0 6 7 8 3 9  0 . 2 5  
0 . 1 7  0 .22548  - 0 . 0 5 5 4 8 4  0 . 2 5  
-0 .24  0 .26087  - 0 . 0 2 0 8 7 1  0 . 2 5  
0 . 2 9  0 .28967  0 .00032606  0 . 2 5  
0 . 3 6  0 .31269  0 . 0 4 7 3 0 6  0 . 2 5  

0 . 4  0 .33208  0 . 0 6 7 9 1 6  0 . 2 5  
0 . 4 3  0 .34737  0 . 0 8 2 6 2 4  0 . 2 5  
0 . 4 3  0 .36539.  0 . 0 6 4 6 0 6  0 . 2 5  

0 . 4 1 9 9 9  0 .37299  0 . 0 4 7 0 0 4  0 . 2 5  
0 . 3 9 9 9 9  0 .38302  0 . 0 1 6 9 7 1  0 . 2 5  
0 . 3 8 9 9 9  0 .39196  -0 .0019709  0 . 2 5  
0 . 3 8 9 9 9  0 . 3 9 9 6 8  - 0 . 0 0 9 6 8 2 6  0 . 2 5  
0 .39999  0 . 4 0 6 6 5  - 0 . 0 0 6 6 5 8 7  0 . 2 5  
0 . 4 0 9 9 9  0 . 4 1 4 6  - 0 . 0 0 4 6 0 8 9  0 . 2 5  
0 . 4 3 9 9 9  0 .42488  0 . 0 1 5 1 1 4  0 . 2 5  
0 . 4 4 9 9 9  0 .42785  0 . 0 2 2 1 4 4  0 . 2 5  
0 . 4 5 9 9 9  0 . 4 3 2 0 1  0 . 0 2 7 9 7 8  0 . 2 5  
0 . 4 6 9 9 9  0 .44539  0 . 0 2 4 6 0 1  0 . 5  
0 . 4 6 9 9 9  0 .4555  0 . 0 1 4 4 9  0 . 5  
0 . 4 6 9 9 8  0 .46344  0 . 0 0 6 5 4 6 1  0 . 5  
0 . 4 7 9 9 8  . 0 .47534  0 . 0 0 4 6 4 1 5  0 . 5  
0 - 4 8 9 9 7  0 .48784  0 . 0 0 2 1 3 0 3  0 . 5  
0 . 4 9 9 9 7  0 .49415  0 . 0 0 5 8 1 5 8  0 . 5  
0 . 4 9 9 9 6  0 . 5 0 1 8 1  - 0 . 0 0 1 8 5 0 2  0 . 5  
0 . 4 9 9 9 6  0 . 5 0 6 0 4  - 0 . 0 0 6 0 7 7 6  0 . 5  
0 . 5 0 9 9 5  0 .51475  - 0 . 0 0 4 8 0 5 4  0 . 5  
0 .  5099.5 0 . 5 1 6 2 6  - 0 . 0 0 6 3 1 1 9  0 . 5  
0 . 5 1 9 9 4  0 .52168  - 0 . 0 0 1 7 4 6 4  0 . 5  
0 . 5 1 9 9 3  0 .52753  - 0 . 0 0 7 5 9 7  0 . 5  
0 . 5 1 9 9 2  0 .53267  - 0 . 0 1 2 7 5 6  0 . 5  
0 . 5 2 9 9 1  0 .53735  - 0 . 0 0 7 4 4 0 3  0 . 5  

0 . 5 3 9 9  0 .5417  - 0 . 0 0 1 8 0 0 5  0 . 5  
0 . 5 7 9 8 8  0 .54974  0 . 0 3 0 1 3 5  1 
0 . 5 8 9 8 4  0 .56433  0 . 0 2 5 5 0 2  1 
0 . 5 7 9 7 9  0 .57776  0 . 0 0 2 0 3 4  1 
0 . 6 1 9 7 3  0 . 5 9 6 5 8  0 . 0 2 3 1 4 8  1 
0 . 6 2 9 6 7  0 .61544 0 . 0 1 4 2 3  1 
0 . 6 7 9 5 7  0 .64209  0 . 0 3 7 4 8 1  1 
0 . 6 6 9 4 6  0 .66605  0 . 0 0 3 4 1 3 8  1 
0 . 6 7 9 3 8  0 .68357  - 0 . 0 0 4 1 9 2 1  1 
0 . 6 9 9 2 8  0 .7037  - 0 . 0 0 4 4 2 7 8  1 
0 . 7 3 9 1 7  0 .72213  0 . 0 1 7 0 4 5  1 
0 . 7 0 9 0 7  0 .73908  - 0 . 0 3 0 0 1 1  1 
0 . 7 2 8 9 7  0 .75475  - 0 . 0 2 5 7 8  1 
0 . 8 3 7 9 3  0 .86595  - 0 . 0 2 8 0 1 6  1 

0 . 8 9 6 9  0 .93406  - 0 . 0 3 7 1 6 3  1 
0 . 9 0 6 2 8  0 . 9 6 4 7 1  - 0 . 0 5 8 4 2 6  1 
0 . 9 1 5 8 7  0 .98239  - 0 . 0 6 6 5 2 3  1 
0 . 9 5 4 8 4  1 . 0 1 9 7  - 0 . 0 6 4 8 4 3  1 

1 . 0 1 2 8  1 . 0 7 5 3  - 0 . 0 6 2 5 1 6  1 
1 1 . 0 4 1 7  1 . 0 9 7 2  - 0 . 0 5 5 4 9 8  

1 . 0 8 9 5  1 . 1 3 6 9  - 0 . 0 4 7 4 8 6  
1 . 1 7 9 1  1 . 2 4 7 7  - 0 . 0 6 8 5 3 3  1 
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2 4 9 8 . 8  
2 9 9 4 . 5  
3450 .'7 
4 0 0 5 . 9  

2 4 9 8 . 8  
2 9 9 4 . 5  
3450 .'7 I 4 0 0 5 . 9  
4 9 9 7 . 5  
6 0 0 8 . 9  
7 0 0 0 . 5  

7992  
9 0 0 3 . 4  

9995  
1 0 1 9 3  

1 . 2 3 4  
1 . 2 5 8 8  

1 . 3 6 8 3  
1 . 4 2 7 9  
1 . 4 4 7 4  
1 . 4 8 7 1  
1 . 4 9 6 8  
1 . 5 5 6 2  
1 . 6 0 5 9  
1. 583.8 

el.. 2941  

1 . 2 8 3 8  
1 . 3 1 3 6  
1 . 3 3 6 9  
1 . 3 6 1 4  
1 . 3 9 6 8  

1 . 4 2 5  
1 . 4 4 7 2  
1 . 4 6 5 5  
1 . 4 8 1 5  
1 . 4 9 5 2  ' 

1 . 4 9 7 7  

- 4133 
- 0 . 0 4 9 7 9 8  
-0.OS4744 
-0 .042876  
0 .0068705  

0 .031126  
0 . 0 2 2 4 2 1  
.O. 039921  
0 .031228  
0 . 0 7 4 7 4 1  

0 . 1 1 0 7 3  
0 .086104  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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A Q T E S O L V  R E S U L T S  
Version 1.10 

08/10/93 23:Ol 

_____-_________---______________________--_--------_-------------------------. _______________---__---_-----------------------_---_-----_-------------------. 

TEST DESCRIPTION 

Partial Penetration Data: 
Depth of top of well screen......... 4 
Depth of bottom of well screen...... 44 
Depth of top of obs. well screen..... 4 
Depth of bottom of obs. well screen.. 44 
Hyd. conductivity ratio (Kz/Kr) . . . . .  0.15 

Neuman (Unconfined Aquifer) 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 3.1339E+001 +/-  1.5307E+000 
S = 1.0252E-003 + / -  4.9948E-004 
Sy = 4.4012E-002 + / -  9.6958E-003 
R = 6.4014E-003 +/ -  8.9690E-004 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals: .............. 62 
Number of estimated parameters . . . .  4 
Degrees of freedom ................ 58 
Residual mean..................... 0.01084 
Residual standard deviation ....... 0.0387.5 
Residual variance . . . . . . . . . . . . . . . . .  0.001502 I. 304  



3 3 / 4 5  -- ,4153 . 

Time Observed Calculated Residual Weight - - - - - - - - - - - - -  - - - - - - _ _ _ _ _ _ _  - - - - - - - - - - - - -  - - - - - - - - - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _  
0 . 1 4 8  0 . 0 0 9 9 9 8 5  0 . 1 2 0 2 7  - 0 . 1 1 0 2 7  0 . 2 5  
0 . 1 9 9  0 . 0 1 9 9 9 8  0 . 1 4 7 1 7  - 0 . 1 2 7 1 7  0 . 2 5  
0 . 2 4 8  0 . 0 4 9 9 9 7  0 . 1 6 7 0 3  - 0 . 1 1 7 0 3  0 . 2 5  
0 . 2 9 8  0 . 0 6 9 9 9 7  0 . 1 8 3 0 5  - 0 . 1 1 3 0 5  0 . 2 5  
0 . 3 4 7  0 . 1 1  0 . 1 9 5 7 7  - 0 . 0 8 5 7 7 7  0 . 2 5  
0 . 3 9 7  0 . 1 5  0 . 2 0 6 4 9  - 0 . 0 5 6 4 9 8  0 . 2 5  
0 . 4 4 6  0 . 1 9  0 . 2 1 5 3 8  - 0 . 0 2 5 3 8 2  0 . 2 5  
0 . 5 1 3  0 . 2 2  0 . 2 2 5 5  - 0 . 0 0 5 5 0 2 4  0 . 2 5  
0 . 5 4 6  0 . 2 2 9 9 9  0 . 2 2 9 8 2  0 . 0 0 0 1 7 3 3 1  0 . 2 5  
0 . 5 9 5  0 . 2 3 9 9 9  0 . 2 3 5 6  0 . 0 0 4 3 9 8 1  0 . 2 5  
0 . 6 4 5  0 . 2 3 9 9 9  0 . 2 4 0 8 3  - 0 . 0 0 0 8 3 2 6 7  0 . 2 5  
0 . 6 9 4  0 . 2 3 9 9 9  0 . 2 4 5 4 1  - 0 . 0 0 5 4 1 9 6  0 . 2 5  
0 . 7 4 4  0 . 2 3 9 9 9  0 . 2 4 9 6 3  - 0 . 0 0 9 6 4 0 5  0 . 2 5  
0 . 8 0 9  0 . 2 4 9 9 9  0 . 2 5 4 5 4  - 0 . 0 0 4 5 4 4 2  0 . 2 5  
0 . 9 0 9  0 . 2 5 9 9 9  0 . 2 6 1 0 4  - 0 . 0 0 1 0 5 4  0 . 2 5  
0 . 9 4 2  0 . 2 6 9 9 9  0 . 2 6 2 9 6  0 . 0 0 7 0 2 9 3  0 . 2 5  
0 . 9 9 2  0 . 2 7 9 9 9  0 . 2 6 5 6 8  0 . 0 1 4 3 1 1  0 . 2 5  
1 . 1 8 9  0 . 2 9 9 9 9  0 . 2 7 4 6 3  0 . 0 2 5 3 6  0 . 5  
1 . 3 8 8  0 . 3 0 9 9 9  0 . 2 8 1 5 6  0 . 0 2 8 4 2 4  0 . 5  
1 . 5 8 7  0 . 3 1 9 9 8  0 . 2 8 7 0 3  0 . 0 3 2 9 5 1  0 . 5  
1 . 9 8 3  0 . 3 2 9 9 8  0 . 2 9 5 0 3  0 . 0 3 4 9 5  0 . 5  
2 . 5 7 8  0 . 3 3 9 9 7  0 . 3 0 2 8 2  0 . 0 3 7 1 5 1  0 . 5  
2 . 9 7 5  0 . 3 3 9 9 7  0 . 3 0 6 4 1  0 . 0 3 3 5 5 9  0 . 5  

3 . 5 7  0 . 3 4 9 9 6  0 . 3 1 0 4 3  0 . 0 3 9 5 3 3  0 . 5  
3 . 9 6 6  0 . 3 4 9 9 6  0 . 3 1 2 5 3  0 . 0 3 7 4 2 9  0 . 5  
4 . 9 5 8  0 . 3 5 9 9 5  0 . 3 1 6 6 6  0 . 0 4 3 2 8 5  0 . 5  
5 . 1 5 7  0 . 3 5 9 9 5  0 . 3 1 7 3 7  0 . 0 4 2 5 7 8  0 . 5  

5 . 9 5  0 . 3 5 9 9 4  0 . 3 1 9 9 4  0 . 0 4 0 0 0 3  0 . 5  
6 . 9 4 1  0 . 3 5 9 9 3  0 . 3 2 2 8  0 . 0 3 7 1 2 9  0 . 5  
7 . 9 3 3  I 0 . 3 6 9 9 2  0 . 3 2 5 4 6  0 . 0 4 4 4 6  0 . 5  
8 . 9 2 4  0 . 3 6 9 9 1  0 . 3 2 7 9 4  0 . 0 4 1 9 6 6  0 . 5  
9 . 9 1 6  0 . 3 7 9 9  0 . 3 3 0 4 1  0 . 0 4 9 4 8 9  0 . 5  

1 1 . 8 9 9  0 . 4 0 9 8 8  0 . 3 3 5 2  0 . 0 7 4 6 8 1  1 
1 5 . 8 6 4  0 . 4 0 9 8 4  0 . 3 4 4 3 7  0 . 0 6 5 4 6 2  1 
1 9 . 8 3 2  0 . 3 9 9 7 9  0 . 3 5 3 1 5  0 . 0 4 6 6 4 6  1 

2 5 . 7 8  0 . 4 2 9 7 3  0 . 3 6 5 6 4  0 . 0 6 4 0 9 6  1 
1 
1 

3 1 . 7 3  0 . 4 3 9 6 7  0 . 3 7 7 4 7  0 . 0 6 2 1 9 7  
4 1 . 6 4 6  0 . 4 8 9 5 7  0 . 3 9 5 7 1  0 . 0 9 3 8 6 1  
5 1 . 5 6 2  0 . 4 7 9 4 6  0 . 4 1 2 4 1  0 . 0 6 7 0 5 3  1 
5 9 . 4 9 4  0 . 4 8 9 3 8  0 . 4 2 4 8 1  0 . 0 6 4 5 6 9  1 
6 9 . 4 0 9  0 . 5 0 9 2 8  0 . 4 3 9 2 6  0 . 0 7 0 0 2  1 
7 9 . 3 2 5  0 . 5 3 9 1 7  0 . 4 5 2 6 7  0 . 0 8 6 5 0 6  1 
8 9 . 2 4 1  0 . 5 1 9 0 7  0 . 4 6 5 1 6  0 . 0 5 3 9 0 7  1 
9 9 . 1 5 7  0 . 5 2 8 9 7  0 . 4 7 6 8 5  0 . 0 5 2 1 2  ' 1 
1 9 8 . 3 1  0 . 5 9 7 9 3  0 . 5 6 3 5 7  0 . 0 3 4 3 6 7  1 
2 9 7 . 4 7  0 . 6 5 6 9  0 . 6 1 9 6 8  0 . 0 3 7 2 1 9  1 
3 5 6 . 9 6  0 . 6 6 6 2 8  0 . 6 4 5 6 3  0 . 0 2 0 6 5 6  1 
3 9 6 . 6 3  0 . 6 8 5 8 7  0 . 6 6 0 7 5  0 . 0 2 5 1 1 6  1 
4 9 5 . 7 8  0 . 7 0 4 8 4  0 . 6 9 3 0 6  0 . 0 1 1 7 8 1  1 

6 9 4 . 1  0 . 7 5 2 7 7  0 . 7 4 2 3 1  0 . 0 1 0 4 6 2  1 
7 9 3 . 2 5  0 . 7 7 1 7 4  0 . 7 6 1 8 8  0 . 0 0 9 8 5 2 3  1 
1 0 1 1 . 4  0 . 7 9 9 4 7  0 . 7 9 7 2 5  0 . 0 0 2 2 1 9 4  1 

1 2 4 9 8 . 8  I "  0 . 8 8 3 9 7  0 . 9 1 6 4 7  - 0 . 0 3 2 5 0 1  
2 9 9 4 . 5  0 . 8 8 8 8 1  0 . 9 3 8 4 2  - 0 . 0 4 9 6 1 5  

r -  - -  

. -- --- - 

r _ -  

- -- _-- 

2003,  . 0 . 8 3 9 1 4  0 . 8 8 9 4 9  - 0 . 0 5 0 3 5 6  1 
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0.90406 0.95617 -0.05211 
0.93827 0.97594 -0.037663. 4005.9 

4997.5 0.96794 1.0084 -0.040435 
6008.9 1.0074 1.0391 -0.031686 
7000.5 1.0271 1.0674 -0.040362 

7992 1.0368 1.0942 -0.057485 
9003.4 1.1062 1.1201 -0.013867 

r' (P .47!3s:7  
3 t  

1 
1 

1 
1 
1 
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A Q T E S O L V  R E S U L T S  . .  
Version 1.10 

8/10/93 22:54:34 

ata set ........... 3917.d2 
ata set title . . . . .  Well 3917 (SPPZ-2D) Neuman Analysis . 

noms and Constants: 
No. of data points . . . . . . . . . . . . . . . . . .  65 
Pumping rate ........................ 56.82 
Radius (distance) to obs. well . . . . . .  25.1 
Aquifer saturated thickness . . . . . . . . .  96 

artial Penetration Data: 
Depth of top of well screen......... 4 
Depth of bottom of well screen...... 44 
Depth of top of obs. well screen..... 4 
Depth of bottom of obs.  well screen.., 44 
Hyd. conductivity ratio (Kz/Kr) . . . . .  0.15 

euman (Unconfined Aquifer) 

e 
TATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 3.5973E+001 + / -  1.5530E+000 
S = 7.7606E-004 + / -  6.1081E-004 
Sy = 2.1665E-002 + / -  4.3354E-003 
R = 9.9658E-003 + / -  2.9378E-003 

NALYSIS OF MODEL RESIDUALS 

esidual .= calculated - observed 
eighted residual = residual * weight 

eighted Residual Statistics: 
Number of residuals ............... 65 
Number of estimated parameters . . . .  4 
Degrees of freedom . . . . . . . . . . . . . . . .  61 
Residual mean ..................... 0.009628 
Residual standard deviation . . . . . . .  0.03353 
Residual variance . . . . . . . . . . . . . . . . .  0.001124 307 



Ir- 47.33. _ -  3 6  
+. - .  

Model Residuals: 

0 . 0 9 9  
0 . 1 4 8  
0 .199  
0 . 2 4 8  
0 . 2 9 8  
0 . 3 4 7  
0 . 3 9 7  
0 .446  
0 . 5 1 3  
0 . 5 4 6  
0 . 5 9 5  
0 . 6 4 5  
0 . 6 9 4  
0 .744  
0 . 8 0 9  
0 . 9 0 9  
0 . 9 4 2  
0 . 9 9 2  
1 . 1 8 9  
1 . 3 8 8  
1 . 5 8 7  
1 . 9 8 3  
2 . 5 7 8  
2 . 9 7 5  

3 .57  
3 . 9 6 6  
4 . 9 5 8  
5 . 1 5 7  

5 . 9 5  
6 . 9 4 1  
7 . 9 3 3  
8 . 9 2 4  
9 . 9 1 6  

1 1 . 8 9 9  
1 5 . 8 6 4  
1 9 . 8 3 2  

25 .78  
3 1 . 7 3  

4 1 . 6 4 6  
5 1 . 5 6 2  
59 f 494 
6 9 . 4 0 9  
7 9 . 3 2 5  
8 9 . 2 4 1  
99 .157  
1 9 8 . 3 1  
2 9 7 . 4 7  
356 .96  
396 .63  
4 9 5 . 7 8  

6 9 4 . 1  
7 9 3 . 2 5  
101114 

2003 
2 4 9 8 . 8  

0 . 0 0 9 9 9 9  
0 . 0 0 9 9 9 8 5  
0 . 0 0 9 9 9 7 9  

0 . 0 2 9 9 9 7  
0 . 0 3 9 9 9 7  
0 . 0 6 9 9 9 6  
0 . 0 8 9 9 9 6  

0 . 1 3  
0 . 1 7  

0 . 1 6 9 9 9  
0 . 1 8 9 9 9  
0 . 1 8 9 9 9  
0 . 1 9 9 9 9  
0 .20999  
0 . 2 0 9 9 9  
0 . 2 1 9 9 9  
0 . 2 2 9 9 9  
0 .22999  
0 . 2 4 9 9 9  
0 . 2 6 9 9 9  
0 . 2 6 9 9 8  
0 . 2 7 9 9 8  
0 . 2 9 9 9 7  
0 .29997  
0 . 3 0 9 9 6  
0 . 3 0 9 9 6  
0 . 3 1 9 9 5  
0 . 3 0 9 9 5  
0 . 3 0 9 9 4  
0 . 3 0 9 9 3  
0 . 3 1 9 9 2  
0 . 3 2 9 9 1  

0 . 3 3 9 9  
0 . 3 6 9 8 8  
0 . 3 6 9 8 4  
0 . 3 5 9 7 9  
0 . 3 7 9 7 3  
0 . 3 7 9 6 7  
0 . 4 3 9 5 7  
0 . 4 4 9 4 6  
0 . 4 5 9 3 8  
0 . 4 6 9 2 8  
0 . 5 0 9 1 7  
0 . 4 7 9 0 7  
0 . 4 9 8 9 7  
0 . 5 5 7 9 3  

0 . 6 2 6 9  
0 . 6 3 6 2 8  
0 . 6 5 5 8 7  
0 . 6 7 4 8 4  
0 . 7 2 2 7 7  
0 . 7 3 1 7 4  
0 . 7 5 9 4 6  
0 . 8 4 9 1 4  
0 .89397  

0 .079202  
0 .10374  
0 .12122  
0 . 1 3 3 4 6  
0 . 1 4 2 9 8  
0 . 1 5 0 3 4  
0 . 1 5 6 3 8  
0 . 1 6 1 2 4  
0 . 1 6 6 6 3  
0 .16887  
0 . 1 7 1 7 9  
0 . 1 7 4 3 8  

. 0 . 1 7 6 5 9  
0 . 1 7 8 6 2  
0 .18087  
0 . 1 8 3 7 7  
0 . 1 8 4 6 1  
0 .18578  
0 . 1 8 9 6 1  
0 . 1 9 2 6 3  
0 . 1 9 5 1 5  
0 .19939  
0 . 2 0 4 9 4  
0 . 2 0 8 3 9  
0 .21339  
0 . 2 1 6 6 2  
0 . 2 2 4 4 7  

0 . 2 2 6  
0 . 2 3 1 9 8  
0 .23918  

0 . 2 4 6 1  
0 . 2 5 2 7 5  
0 . 2 5 9 1 5  
0 . 2 7 1 2 8  
0 . 2 9 3 1 4  
0 . 3 1 2 3 8  
0 . 3 3 7 3 7  
0 . 3 5 8 7 8  

0 . 3 8 8 6  
0 . 4 1 3 1 3  

0 . 4 3  
0 . 4 4 8 4 7  
0 . 4 6 4 6 7  
0 . 4 7 9 0 8  
0 . 4 9 2 0 5  

0 . 5 7 9  
0 . 6 3 0 7 1  
0 . 6 5 3 5 9  
0 . 6 6 6 5 2  
0 . 6 9 2 8 8  

0 . 7 2 9 7  
0 . 7 4 3 6 2  
0 . 7 6 9 0 8  
0 . 8 5 7 0 5  
0 . 8 9 4 4 9  

- 0 . 0 6 9 2 0 3  
- 0 . 0 9 3 7 4 1  

- 0 . 1 1 1 2 3 '  
- 0 . 1 0 3 4 6  
- 0 . 1 0 2 9 9  

- 0 . 0 8 0 3 4 7  
- 0 . 0 6 6 3 8 4  
- 0 . 0 3 1 2 4 3  
0 .0033698  
0 .0011289  

0 . 0 1 8 2 0 1  
0 .015616  
0 .023406  
0 . 0 3 1 3 7 6  
0 . 0 2 9 1 2 4  
0 . 0 3 6 2 2 3  
0 .045384  
0 .044206  
0 . 0 6 0 3 7 5  
0 .077359  
0 .074837  
0 .080586  
0 . 0 9 5 0 3 8  
0 . 0 9 1 5 7 6  
0 . 0 9 6 5 7 3  
0 . 0 9 3 3 3 5  
0 . 0 9 5 4 8 1  
0 .083947  
0 . 0 7 7 9 6 1  
0 . 0 7 0 7 5 5  
0 .073824  
0 .077164  
0 .080747  
0 .098598  
0 .076696  
0 . 0 4 7 4 0 8  
0 . 0 4 2 3 5 8  
0 .020892  
0 .050964  
0 . 0 3 6 3 3 1  
0 . 0 2 9 3 7 7  
0 . 0 2 0 8 0 5  
0 .044504  

-9 .6763E-006 
0 . 0 0 6 9 1 5 1  
- 0 . 0 2 1 0 6 9  

- 0 . 0 0 3 8 0 7 1  
-0 .017307  
-0 .010651 '  
- 0 . 0 1 8 0 4 5  

- 0 . 0 0 6 9 3  
- 0 . 0 1 1 8 8 5  

- 0 . 0 0 9 6 1 8 7  
- 0 . 0 0 7 9 1 0 3  
-0 .0005225  

0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  

0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  

0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 . 2 5  



2994 .5  
3450 .7  
4 0 0 5 . 9  
4997 .5  
6 0 0 8 . 9  
7 0 0 0 . 5  

7992 
9 0 0 3 . 4  

9995 
10193  

0 . 9 1 8 8 1  
0 .93406  
0 .96827  

1 . 0 0 7 9  
1 . 0 4 7 4  
1 . 0 6 7 1  
1 . 0 9 6 8  
1 . 1 5 6 2  
1 . 2 0 5 9  
1 . 1 9 3 8  

0 .  92'883 
0 .95792  
0 .99036  

1 . 0 4 1 1  
1 . 0 8 4 6  
1 . 1 2 0 4  
1 . 1 5 0 6  
1 . 1 7 6 4  
1 . 1 9 7 8  
1 . 2 0 1 7  

-0.0100.26 
-0 .023865  
-0 .022092  
- 0 . 0 3 3 1 3 3  
-0 .037146  
- 0 . 0 5 3 3 1 1  
-0 .053817  
-0 .020234  
0 .0080747 
-0 .007838  

4183 
1 
1 
1 
1 
1 
1 
1 

' 1  
1 
1 

37/+ 
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Data set........... 3918.dat 
Data set title.... . Well 3918 (SPPZ-2E) Neuman Analysis 

Knowns and Constants: 
No. of data points .................. 63 
Pumping rate........................ 56.82 
Radius (distance) to obs. well...... 24.3 
Aquifer saturated thickness..... .... 96 

Partial Penetration Data: 
Depth of top of well screen......... 4 
Depth of bottom of well screen...... 44 
Depth of top of obs. well-screen..... 4 
Depth of bottom of obs.  well screen.. 44 
Hyd. conductivity ratio (Kz/Kr) ..... 0.15 

Neuman (Unconfined Aquifer) 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 4.4811E+001 +/- 8.1759E-001 
S = 1.0001E-008 +/- 3.0365E-004 
Sy = 1.77103-002 +/- 2.1046E-003 
A = 1.6965E-002 +/- 4.45313-003 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 
Weighted Residual Statistics: 

Number of residuals... ............ 63 
Number of estimated parameters .... 4 
Degrees of freedom................ 59 
Residual mean..................... 0.006112 
Residual standard deviation....... 0.02244 
Residual variance ................. 0.0005037 310 



ode1 Residuals: 

Time Observed ------------- ------------- 
0.199 0.0099979 
0.248 0.019997 
0.298 0.029997 
0.347 0.039996 
0.397 0.069996 
0.446 0.089995 
0.513 0.12 
0.546 0.12999 
0.595 0.13999 
0.645 0.14999 
0.694 0.15999 
0.744 0.15999 
0.809 0.16999 
0.909 0.16999 
0.942 0.17999 
0.992 0.17999 
1.189 0.19999 
1.388 0.20999 
1.587 0.21998 
1.983 0.22998 

*-. 2.578 0.22997 
2.975 0.23997 
3.57 0.23996 

3.966 0.24996 
4.958 0.25995 
5.157 0.25995 
5.95 0.25994 

6.941 0.25993 
7.933 0.26992 

** 8.924, 0.26991 
.\ f. 9.916 0.2799 

11.899 0.29988 
15.864 0.30984 
19.832 0.29979 
25.78 0.32973 
31.73 0.33967 

41.646 0.37957 
51.562 0.37946 
59.494 0.38938 
69.409 0.39928 
79.325 0.43917 
89.241 0.40907 
99.157 0.42897 
198.31 0.48793 
297.47 0.5469 
356.96 0.55628 
396.63 0.57587 
495.78 0.59484 
694.1 0.64277 

793.25 0.66174 
1011.4 0.68947 

2003 0.77914 
2498.8 0.82397 
2994.5 0.83881 
3450.7 . 0 .'86406 

i 

L -- 
L h ,  

4w- 

Calculated ------------- - 
0.12077 
0.12168 
0.12259 
0.12349 
0.1244 

0.12528 
0.12649 
0.12708 
0.12795 
0.12884 
0.1297 

0.13058 
0.13171 
0.13344 
0.13401 
0.13486 
0.13818 
0.14146 
0.14466 
0.15084 
0.15964 
0.16523 
0.17321 
0.17827 
0.19018 
0.19244 
0.20109 
0.21114 
0.22046 
0.22911 
0.23719 
0 .'25187 
0.27657 
0.2968 

0.32144 
0.34141 
0.36798 
0.38907 
0.40327 
0.41865 
0.43203 
0.4439 

0.45457 
0.52554 
0.56469 
0.58089 
0.58988 
0.60843 
0.63725 
0.64983 
0.6755 

0.77226 
0.81106 
0.84462 

* 0.87149 

Residual 

-0.11078 
-0.10168 

-0.092597 
-0.083491 
-0.054401 
-0.035288 

-0.0064927 
0.002916 
0.012043 
0.021156 
0.030292 
0.029415 
0.038277 
0.036549 
0.045982 
0.045129 
0.06181 
0.06853 
0.07532 

0.079136 
0.070329 
0.074736 
0.066752 
0.071686 
0.069771 
0.067505 
0.058843 
0.048783 
0.049458 
0.040796 
0.042706 
0.048009 
0.033263 

0.0029886 
0.0082915 

-0,0017445 
0.011585 

-0.0096039 
-0.013893 
-0.019368 
0.0071448 
-0.034827 
-0.025604 
-0.037603 
-0.017788 
-0.024608 
-0.014015 
-0.01359 
0.0055222 

0.01191 
0.013964 

0.0068766 
0.012915 

-0.0058147 
-0.007434 

Weight 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

1 
. 1  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 3 1 i  1 



4005.9 
4997.5 
6008.9 
7000.5 

7992 
9003.4 

9995 
10193 

0.89827 
0.93794 
0.96741 
0.98708 
0.99675 
1.0462 
1.0559 
1.0438 

0.89972 -0.0014454 
0.94003 -0.002083 
0.97072 -0.0033098 
0.99317 -0.0060915 

1.01 -0.013228 
1.0228 0.023436 
1.0321 0.023753 
1.0337 0.010115 

. 



18/10/93 

A Q T E S O L V  R E S U L T S  
Version 1 . 1 0  

22:47:11 

)ata set ........... 3921.d2 
lata set title . . . . .  Well 3921 (SPPZ-3) Neuman Analysis 
:noms and Constants: 

No. of data points . . . . . . . . . . . . . . . . . .  65 
Pumping rate ......................... 56.82 
Radius (distance) to obs. well . . . . . .  48.3 
Aquifer saturated thickness . . . . . . . . .  96 

'artial Penetration Data: 
Depth of top of well screen......... 4 
Depth o f  bottom of well screen...... 44 
Depth of top o f  obs. well screen..... 4 
Depth of bottom of obs. well screen.. 44 
Hyd. conductivity ratio (Kz/Kr) . . . . .  0.15 

leuman (Unconfined Aquifer) 
' 

TATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 3.0332E+001 + / -  1.0143E+000 
S = 1.8475E-002 +/ -  3.1312E-003 
Sy = 3.1208E-001 + / -  4.9148E-002 
B = 4.1412E-002 + / -  3.1829E-003 

NALYSIS OF MODEL RESIDUALS 

esidual = calculated - observed 
'eighted residual = residual * weight 

'eighted Residual Statistics: 
Number o f  residuals ................ 65 
Number of estimated parameters .... 4 
Degrees of freedom . . . . . . . . . . . . . . . .  61' 
Residual me,an ... : . . . . . . . . . . . . . . . . . .  0.0.009423 
Residual standard deviation . . . . . . .  0.02841 
Residual variance . . . . . . . . . . . . . . . . .  0.000807 313 



t .  
Model Residuals: 

Time Observed Calculated - - - - - - - - - - - - -  - - - - - - - - - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _  - 
0 . 0 9 9  0 .009999  0 .0017915  
0 . 1 4 8  0 .019999  0 . 0 0 7 9 9 2 4  
0 . 1 9 9  0 .029998  0 .018059  . 
0 .248  0 .059997  0 . 0 2 9 5 2 5  
0 . 2 9 8  0 .069997  0 .041965  
0 . 3 4 7  0 .099996  0 . 0 5 4 3 2 3  
0 . 3 9 7  0 . 1 3  0 .066627  
0 .446  0 . 1 5  0 . 0 7 8 1 8 1  
0 . 5 1 3  0 . 1 8  0 .093379  
0 .546  0 . 1 7 9 9 9  0 . 1 0 0 4 5  
0 . 5 9 5  0 .17999  - 0 . 1 1 0 5  
0 . 6 4 5  0 .17999  0 .12018  
0 .694  0 .17999  0 . 1 2 9 1 2  
0 . 7 4 4  0 .17999  0 . 1 3 7 5 7  
0 . 8 0 9  0 .18999  0 .14804  
0 . 9 0 9  0 .19999  0 . 1 6 2 7 4  
0 .942  0 .20999 0 . 1 6 7 2 2  
0 . 9 9 2  0 .20999  0 . 1 7 3 7 1  
1 . 1 8 9  0 .21999  0 .19646  
1 . 3 8 8  0 .22999  0 . 2 1 4 9 8  
1 . 5 8 7  0 .23998  0 . 2 3 0 2 5  
1 . 9 8 3  0 . 2 3 9 9 8  0 . 2 5 3 7 7  

' 2 . 5 7 8  0 .24997  , 0 . 2 7 8  
2 .975  0 .25997  0 .28959  

3 . 5 7  0 .25996  0 .30275  
3 .966  0 .26996  0 . 3 0 9 6 1  
4 . 9 5 8  0 .26995  0 .32206  
5 .157  0 . 2 7 9 9 5  0 .32417  

5 . 9 5  0 .28994  0 .33147  
6 . 9 4 1  0 . 2 8 9 9 3  0 . 3 3 8 7 6  
7 . 9 3 3  0 .29992  0 . 3 4 4 7 1  
8 . 9 2 4  0 . 2 9 9 9 1  0 . 3 4 9 7 2  
9 . 9 1 6  0 .3099  0 . 3 5 4 0 5  

1 1 . 8 9 9  0 . 3 3 9 8 8  0 . 3 6 1 2 4  
1 5 . 8 6 4  0 .35984  0 . 3 7 2 0 6  
1 9 . 8 3 2  0 .33979  0 . 3 8 0 1 7  

2 5 . 7 8  0 . 3 6 9 7 3  0 . 3 8 9 8 5  
3 1 . 7 3  0 .37967  0 . 3 9 7 9 4  

4 1 . 6 4 6  0 .44957  0 - 4 0 9 7 3  
5 1 . 5 6 2  0 . 4 3 9 4 6  0 . 4 2 0 4 3  
59 .494  0 . 4 5 9 3 8  0 . 4 2 8 5 2  
6 9 . 4 0 9  0 .46928  0 . 4 3 8 1 9  
7 9 . 3 2 5  0 .50917  * 0 .44746  
8 9 . 2 4 1  0 .48907 0 .45637  
9 9 . 1 5 7  0 .51897  0 . 4 6 4 9  
1 9 8 . 3 1  0 .55793  0 . 5 3 6 3 7  
2 9 7 . 4 7  0 .6169  0 . 5 9 0 7 6  
3 5 6 . 9 6  0 . 6 0 6 2 8  0 . 6 1 6 7 6  
3 9 6 . 6 3  0 .62587  0 . 6 3 2 2 5  
4 9 5 . 7 8  0 .66484  0 . 6 6 5 9  

6 9 4 . 1  0 .69277  0 . 7 1 8 0 8  
793 .25  0 .72174  0 . 7 3 9 0 2  
1 0 1 1 . 4  0 .74947  0 . 7 7 7 1 6  . 

2003. 0 .83914  0 . 8 8 3 5 3  
2 4 9 8 . 8  0 .87397  0 . 9 1 7 5 6  

Residual Weight - - - - - - - - - - - -  ----------c-- 

0 .0082075  0 . 2 5  
0 . 0 1 2 0 0 6  0 . 2 5  
0 . 0 1 1 9 3 9  0 . 2 5  
0 . 0 3 0 4 7 2  0 . 2 5  
0 . 0 2 8 0 3 1  0 . 2 5  
0 . 0 4 5 6 7 4  0 . 2 5  
0 .063369  0 . 2 5  
0 . 0 7 1 8 1 4  0 . 2 5  
0 . 0 8 6 6 1 6  0 . 2 5  

0 . 0 7 9 5 4  0 . 2 5  
0 . 0 6 9 4 9 4  0 . 2 5  
0 .059812  0 . 2 5  
0 . 0 5 0 8 7 5  0 . 2 5  
0 . 0 4 2 4 2 4  0 . 2 5  

0 . 0 4 1 9 5  0 . 2 5  
0 . 0 3 7 2 5 5  0 . 2 5  
0 . 0 4 2 7 6 8  0 . 2 5  
0 .036276  0 . 2 5  
0 .023526  0 . 5  
0 . 0 1 5 0 0 8  0 . 5  

0 .0097298  0 . 5  
-0 .013789  0 . 5  
- 0 . 0 2 8 0 2 4  0 . 5  
- 0 . 0 2 9 6 1 8  0 . 5  

- 0 . 0 4 2 7 9  0 . 5  
- 0 . 0 3 9 6 5 3  0 . 5  
- 0 . 0 5 2 1 1 2  0 . 5  
- 0 . 0 4 4 2 2 7  0 . 5  
- 0 . 0 4 1 5 3 2  0 . 5  
- 0 . 0 4 8 8 3 6  0 . 5  
- 0 . 0 4 4 7 9 6  0 . 5  
- 0 . 0 4 9 8 1 6  0 . 5  

- 0 . 0 4 4 1 5  0 . 5  
- 0 . 0 2 1 3 6 3  1 
- 0 . 0 1 2 2 2 3  1 
- 0 . 0 4 0 3 8 1  1 
- 0 . 0 2 0 1 1 8  1 
- 0 . 0 1 8 2 7 2  1 

0 .039834  1 
0 . 0 1 9 0 3 3  1 
0 . 0 3 0 8 6 3  1 
0 .031087  1 
0 .061715  1 

0 . 0 3 2 7  1 
0 .054066  1 
0 .021566  1 

0 .02614  1 
-0 .010475  1 

-0 .0063772  1 
- 0 . 0 0 1 0 6 2 1  1 

- 0 . 0 2 5 3 1 1  1 
- 0 . 0 1 7 2 8 2  1 
- 0 . 0 2 7 6 9 5  1 
-0 .044395  1 
- 0 . 0 4 3 5 9 1  314 1 



2 9 9 4 . 5  
3 4 5 0 . 7  
4 0 0 5 . 9  
4 9 9 7 . 5  
6008 .9  
7 0 0 0 . 5  

7992  
9 0 0 3 . 4  

9995  
10193  

0 . 8 9 8 8 1  
0 .91406  
0 .  968'27 

1 . 0 0 7 9  
1 . 0 4 7 4  
1 . 0 7 7 1  
1 . 0 7 6 8  
1 . 1 5 6 2  
1 . 2 0 5 9  
1 . 2 0 3 8  

. .  . .  

0 . 9 4 5 2 7  
0 . 9 6 6 8 9  
0 . 9 8 9 5 8  

1 . 0 2 3 1  
1 . 0 5 0 8  
1 . 0 7 3 8  
1 . 0 9 3 7  
1 . 1 1 1 6  
1 . 1 2 7 4  
1 . 1 3 0 4  

- 0 . 0 4 6 4 6 3  4738 
1-0.052836 
-0 .021303  
-0 .015116  
0 .0034232 
0 .0032908  

-0 .01694  
0 .044583  
0 .078479 
0 .073432  

43/+$ 

i 
1 
1 
1 
1 
1 
1 
1 
1 
1- 

315, 
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Data set....... .... 3922.dat 
Data set title . . . . .  Well 3922 (SPPZ-4) Neuman Analysis 
Knowns and Constants: 

No. of data points . . . . . . . . . . . . . . . . . .  46 
Pumping rate ........................ 56.82 

Aquifer saturated thickness ......... 96 
Radius (distance) to obs. well . . . . . .  199.4 

Partial Penetration Data: 
Depth of top of well screen......... 4 
Depth of bottom of well screen...... 44 
Depth of top of obs. well screen..... 4 
Depth of bottom of obs. well screen.. 44 
Hyd. conductivity ratio (Kz/Kr) ..... 0.15 

Neuman (Unconfined Aquifer) 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 2.9641E+001 + / -  3.7019E+000 
S = 9.7355E-002 +/ -  1.2485E-002 
Sy = 1.1999E-001 +/-  7.2018E-002 
R = 5.0000E-002 + / -  1.2424E-002 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals . . . . . . . . . . . . . . .  46 
Number of estimated parameters . . . .  4 
Degrees of freedom ................ 42 
Residual mean........... . . . . . . . . . .  0.005686 
Residual standard deviation . . . . . . .  0.03244 
Residual variance . . . . . . . . . . . . . . . . .  0.001053 316 



Model Residuals: 

Time - - - - - - - - - - - - -  
1 . 1 8 9  
1 . 3 8 8  
1 . 5 8 7  
1 . 9 8 3  
2 . 5 7 8  
2 . 9 7 5  

3 . 5 7  
3 . 9 6 6  
4 . 9 5 8  
5 . 1 5 7  

5 . 9 5  
6 . 9 4 1  
7 . 9 3 3  
8 . 9 2 4 .  
9 . 9 1 6  

1 1 . 8 9 9  
1 5 . 8 6 4  
1 9 . 8 3 2  

2 5 . 7 8  
(1 D 3 1 . 7 3  
I-.. 4 1 . 6 4 6  

5 1 . 5 6 2  
59 * 494 

- 7 9 . 3 2 5  
8 9 . 2 4 1  

zzx. . 6 9 . 4 0 9  : 

._. 99 .157  
1 9 8 . 3 1  
297 .47  

f a 1  I 3 5 6 . 9 6  
3 9 6 . 6 3  
4 9 5 . 7 8  

6 9 4 . 1  
7 9 3 . 2 5  
1 0 1 1 . 4  

2003 
2 4 9 8 . 8  
2 9 9 4 . 5  
3 4 5 0 . 7  
4 0 0 5 . 9  
4 9 9 7 . 5  
6 0 0 8 . 9  
7 0 0 0 . 5  

7992 
9 0 0 3 . 4  

9995 

-. -,. 

Observed Calculated Residual Weight 
- - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  

0 .0099876  0 . 0 0 0 1 6 0 3 2  0 . 0 0 9 8 2 7 3  0 . 5  
.O. 0099855 -0 .00016494  0 . 0 1 0 1 5  0 . 5  
0 .0099835  - 0 . 0 0 0 2 5 7 4 1  0 . 0 1 0 2 4 1  0 . 5  

- 0 .019979  -0 .0001695  0 .020149  0 . 5  
0 .019973  0 0 . 0 1 9 9 7 3  0 . 5  
0 .019969  0 0 .019969  0 . 5  
0 . 0 2 9 9 6 3  0 0 . 0 2 9 9 6 3  0 . 5  
0 .019959  0 0 . 0 1 9 9 5 9  0 . 5  
0 .029948  0 0 . 0 2 9 9 4 8  0 . 5  
0 . 0 2 9 9 4 6  0 0 .029946  0 . 5  
0 .039938  0 .00024714  0 . 0 3 9 6 9 1  0 . 5  
0 .039928  0 .00054155  0 .039386  0 . 5  
0 . 0 3 9 9 1 7  0 .0010406  0 .038877  0 . 5  
0 .039907 0 .0017436  0 .038164  0 . 5  
0 .049897 0 . 0 0 2 6 8 6 1  0 . 0 4 7 2 1 1  0 . 5  
0 .089876  0 .0052387  0 . 0 8 4 6 3 7  1 
0 .079835  0 .01257  0 . 0 6 7 2 6 5  1 
0 . 0 1 9 7 9 3  0 . 0 2 1 8 6 3  -0 .0020694  1 
0 .079732  0 .037542  0 .042189  1 

0 .06967  0 . 0 5 3 6 7 1  0 . 0 1 5 9 9 8  1 
0 .13957  0 .07927  0 .060296  1 
0 .11946  0 .10252  0 .016946  1 
0 .12938  0 . 1 1 9  0 .010379  1 
0 .12928  0 .13712  -0 .0078395  1 
0 .17917  0 .15317  0 .026006  1 
0 .13907 0 . 1 6 7 3 1  - 0 . 0 2 8 2 4 5  1 
0 .14897 0 .17987  - 0 . 0 3 0 9  1 
0 .20793  0 .25554  - 0 . 0 4 7 6 0 5  1 

0 .2669  0 .29346  - 0 . 0 2 6 5 5 6  1 
0 . 2 6 6 2 8  0 .30993  - 0 . 0 4 3 6 4 4  1 
0 .27587  0 . 3 1 9 5 1  - 0 . 0 4 3 6 4 4  1 
0 . 3 0 4 8 4  0 . 3 3 9 7 1  - 0 . 0 3 4 8 7 6  1 
0 . 3 5 2 7 7  0 . 3 7 3 8 2  - 0 . 0 2 1 0 5 3  1 
0 . 3 6 1 7 4  0 . 3 8 8 4 8  - 0 . 0 2 6 7 4 2  1 
0 . 3 8 9 4 7  0 .41709  - 0 . 0 2 7 6 2 8  1 
0 . 4 8 9 1 4  0 . 5 0 9 9 5  - 0 . 0 2 0 8 1 1  1 
0 . 5 3 3 9 7  0 .54319  -0 .0092147  1 
0 . 5 4 8 8 1  0 .57114  - 0 . 0 2 2 3 3  1 
0 .57406  0 . 5 9 4 5 6  - 0 . 0 2 0 5 0 8  1 
0 .61827  0 . 6 1 8 1 6  0 .00010878  1 
0 . 6 5 7 9 4  0 . 6 5 3 3 5  0 .0045944  1 
0 . 6 8 7 4 1  0 . 6 8 2 7 3  0 . 0 0 4 6 7 5 2  1 
0 . 7 1 7 0 8  0 . 7 0 7 0 5  0 . 0 1 0 0 3 1  1 
0 . 7 2 6 7 5  0 .72809  - 0 . 0 0 1 3 3 5 1  1 
0 . 7 9 6 2 1  0 .74694  0 . 0 4 9 2 7 4  1 
0 .84589  0 .76344  0 . 0 8 2 4 4 3  1 

. :  
I .. 317 
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Data set . . . . . . . . . . .  3923.D2 
Data set title . . . . .  Well 3923 (SPPZ-5) Neuman Analysis 
Knowns and Constants: 

No. of data points . . . . . . . . . . . . . . . . . .  71 
Pumping rate ........................ 56.82 
Radius (distance) to obs. well ...... 49.2 
Aquifer saturated thickness ......... 96 

Partial Penetration Data: 
Depth of top of well screen..... . . . .  4 
Depth of bottom of well screen...... 44 
Depth of top of obs. well screen ..... 4 
Depth of bottom of obs. well screen.. 44 
Hyd. conductivity ratio (Kz/Kr) ..... 0.15 

Neuman (Unconfined Aquifer) 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
T = 2.8932E+001 + / -  7.2811E-001 
S = 1.0995E-002 +/ -  1.9812E-003 
Sy = 2.4212E-001 + / -  2.8196E-002 
l3 = 4.4672E-002 + / -  2.8515E-003 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals ............... 71 
Number of estimated parameters . . . .  4 
Degrees of freedom . . . . . . . . . . . . . . . .  67 
Residual mean . . . . . . . . . . .  ;......... 0.0001742 
Residual standard deviation ....... 0.02591 
Residual variance ................. 0.0006712 313 



IIC- 

Iodel Residuals: 

Time 
- - - - - - - - - - - - -  - _  

0 . 0 5  
0 . 0 9 9  
0 . 1 4 8  
0 . 1 9 9  
0 . 2 4 8  
0 . 2 9 8  
0 . 3 4 7  
0 . 3 9 7  
0 . 4 4 6  

. 0 . 5 1 3  
0 . 5 4 6  
0 . 5 9 5  
0 . 6 4 5  
0 . 6 9 4  
0 . 7 4 4  
0 . 8 0 9  
0 . 9 0 9  
0 . 9 4 2  
0 . 9 9 2  

-_ 1 . 1 8 9  
-. _- 1 . 3 8 8  

1 . 5 8 7  
1 . 9 8 3  

I_ -_ 2 . 5 7 8  
2 . 9 7 5  

3 . 5 7  
3 . 9 6 6 .  
4 . 9 5 8  
5 . 1 5 7  

I.. --- 5 . 9 5  
6 . 9 4 1  
7 . 9 3 3  
8 . 9 2 4  
9 . 9 1 6  

1 1 . 8 9 9  
1 5 . 8 6 4  
1 9 . 8 3 2  

2 5 . 7 8  
3 1 . 7 3  

4 1 . 6 4 6  
5 1 . 5 6 2  
5 9 . 4 9 4  
6 9 . 4 0 9  
7 9 . 3 2 5  
8 9 . 2 4 1  
9 9 . 1 5 7  
1 5 3 . 3 7  
1 9 8 . 3 1  
2 4 7 . 3 7  
2 9 7 . 4 7  
3 5 6 . 9 6  
3 9 6 . 6 3  

5 9 6 . 3 7  
6 9 4 . 1  

4 9 5 . 7 8 -  

Observed Calculated Residual 
. - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - _ _ _ _ _ _ _ _  

0 . 0 0 9 9 9 9 5  0 . 0 0 0 4 5 5 3  0 . 0 0 9 5 4 4 2  
0 . 0 1 9 9 9 9  0 . 0 0 9 0 4 8 4  0 . 0 1 0 9 5 1  
0 . 0 4 9 9 9 9  0 . 0 2 5 6 8 2  0 . 0 2 4 3 1 6  
0 . 0 6 9 9 9 8  0 . 0 4 5 8 4 6  0 . 0 2 4 1 5 2  
0 . 0 9 9 9 9 7  0 . 0 6 5 4 1 4  0 . 0 3 4 5 8 3  

0 . 1 3  0 . 0 8 4 2 5  0 . 0 4 5 7 4 7  
0 . 1 6  0 . 1 0 1 6 3  0 . 0 5 8 3 6 8  
0 . 1 9  0 . 1 1 7 8  0 . 0 7 2 1 9 5  
0 . 2 1  0 . 1 3 2 2 7  0 . 0 7 7 7 2 1  
0 . 2 1  0 . 1 4 9 8 5  0 . 0 6 0 1 4  

0 . 2 0 9 9 9  0 . 1 5 7 8 3  0 . 0 5 2 1 6 7  
0 . 2 0 9 9 9  0 . 1 6 8 8 2  0 . 0 4 1 1 7 6  
0 . 1 9 9 9 9  0 . 1 7 9 1 1  0 . 0 2 0 8 7 8  
0 . 1 9 9 9 9  0 . 1 8 8 3 5  0 . 0 1 1 6 4 5  
0 . 2 0 9 9 9  0 . 1 9 7 0 1  0 . 0 1 2 9 7 8  
0 . 2 1 9 9 9  0 . 2 0 7 5 9  0 . 0 1 2 3 9 7  
0 . 2 2 9 9 9  0 . 2 2 1 4 4  0 . 0 0 8 5 5 2 6  

0 . 2 3 9 9 9  0 . 2 3 1 4 4  0 . 0 0 8 5 5 0 9  
0 . 2 4 9 9 9  0 . 2 5 0 9 6  - 0 . 0 0 0 9 7 4 7 4  
0 . 2 5 9 9 9  0 . 2 6 6 2 1  - 0 . 0 0 6 2 2 8 9  
0 . 2 5 9 9 8  0 . 2 7 8 3  - 0 . 0 1 8 3 1 5  
0 . 2 6 9 9 8  , 0 . 2 9 6 1 1  - 0 . 0 2 6 1 2 9  
0 . 2 8 9 9 7  0 . 3 1 3 7 6  - 0 . 0 2 3 7 9 1  
0 . 2 8 9 9 7  0 . 3 2 2 1 3  - 0 . 0 3 2 1 6  
0 . 2 9 9 9 6  0 . 3 3 1 1 3  - 0 . 0 3 1 1 7  
0 . 3 0 9 9 6  0 . 3 3 6 2 5  - 0 . 0 2 6 2 9 3  
0 . 3 1 9 9 5  0 . 3 4 6 3  - 0 . 0 2 6 3 5 2  
0 . 3 0 9 9 5  0 . 3 4 7 9 7  - 0 . 0 3 8 0 2 8  
0 . 3 0 9 9 4  0 . 3 5 3 8 4  - 0 . 0 4 3 9 0 3  
0 . 3 1 9 9 3  0 . 3 5 9 8 2  - 0 . 0 3 9 8 9 5  
0 . 3 1 9 9 2  0 . 3 6 4 7 8  - 0 . 0 4 4 8 6 4  
0 . 3 2 9 9 1  0 . 3 6 8 9 8  - 0 . 0 3 9 0 7 7  

0 . 3 3 9 9  0 . 3 7 2 6 4  - 0 . 0 3 2 7 3 9  
0 . 3 7 9 8 8  0 . 3 7 8 7 3  0 . 0 0 1 1 4 4  
0 . 3 8 9 8 4  0 . 3 8 8 2 1  0 . 0 0 1 6 2 6  
0 . 3 5 9 7 9  0 . 3 9 5 8 1  - 0 . 0 3 6 0 1 8  
0 . 3 8 9 7 3  0 . 4 0 5 6 3  - 0 . 0 1 5 9 0 3  
0 . 4 0 9 6 7  0 . 4 1 4 5 8  - 0 . 0 0 4 9 1 2 6  
0 . 4 6 9 5 7  0 . 4 2 8 4 5  0 . 0 4 1 1 1 8  
0 . 4 5 9 4 6  0 . 4 4 1 5  0 . 0 1 7 9 6 6  
0 . 4 6 9 3 8  0 . 4 5 1 4 1  0 . 0 1 7 9 7  
0 . 4 8 9 2 8  0 . 4 6 3 3 3  0 . 0 2 5 9 4 5  
0 . 5 3 9 1 7  0 . 4 7 4 7 1  0 . 0 6 4 4 6 6  
0 . 5 0 9 0 7  0 . 4 8 5 5 8  0 . 0 2 3 4 9 3  
0 . 5 3 8 9 7  0 . 4 9 5 9 7  0 . 0 4 2 9 9 2  

0 . 5 2 8 4  0 . 5 4 5 7 7  - 0 . 0 1 7 3 6 4  
0 . 6 0 7 9 3  0 . 5 7 9 8 9  0 . 0 2 8 0 4 8  
0 . 5 8 7 4 2  0 . 6 1 3 0 2  - 0 . 0 2 5 5 9 3  

0 . 6 8 6 9  0 . 6 4 0 9  0 . 0 4 6 0 0 5  
0 . 6 7 6 2 8  0 . 6 6 9 4  0 . 0 0 6 8 8 3 5  
0 . 6 9 5 8 7  0 . 6 8 6 1 4  0 . 0 0 9 7 2 6 3  
0 . 7 1 4 8 4  0 . 7 2 2 3  - 0 . 0 0 7 4 6 1 3  
0 . 7 2 3 7 9  0 . 7 5 2 5 7  - 0 . 0 2 8 7 8 1  
0 . 7 7 2 7 7  0 . 7 7 7 5 3  - 0 . 0 0 4 7 6 1 9  

0 . 2 3 9 9 9  0 . 2 2 5 5 6  . 0 . 0 1 4 4 2 8  

4133 
Weight - - - _ _ _ _ _ _ _ _ _ _  

0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  
0 . 2 5  

0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
31.9 1 



7 9 3 . 2 5  
100$ .'4 

1 5 4 7 . 4  
4 7 3 8 1 0 1 1 . 4  

2003 
2498 .8  
2994 .5  
3450.7  
4005.9  
4997 .5  
6008 .9  
7 0 0 0 . 5  

7992 
9003 .4  

9995 
10193  

0 . 7 9 1 7 4  
0 . 7 8 9 5 6  
0 .81947  

0 .91914  
0 . 9 6 3 9 7  
0 . 9 7 8 8 1  

1 . 0 0 4 1  
1 . 0 3 8 3  
1 . 0 8 7 9  
1 . 1 0 7 4  
1 . 1 4 7 1  
1 . 1 6 6 8  
1 . 2 3 6 2  
1 . 2 8 5 9  
1 . 2 7 3 8  

0. a5388  

0 . 7 9 9 4 8  
0 . 8 3 7 8 2  
0 .83929  

0 . 9 0 8 5  
0 . 9 5 0 1 1  
0 .98557  

1 . 0 1 4 5  
1 . 0 3 7  

1 . 0 6 0 7  
1 . 0 9 5 6  
1 . 1 2 4 6  
1 . 1 4 8 6  
1 . 1 6 9 6  
1 . 1 8 8 5  
1 . 2 0 5 2  
1 . 2 0 8 4  

- 0 . 0 0 7 7 4 6 2  
- 0 . 0 4 8 2 5 9  
- 0 . 0 1 9 8 2 2  
- 0 . 0 5 4 6 1 9  
-0'. 030978 
- 0 . 0 2 1 5 9 8  
- 0 . 0 3 5 6 4 4  

- 0 . 0 3 2 9 4  
- 0 . 0 2 2 3 8 8  

- 0 . 0 0 7 6 4 3 6  
- 0 . 0 1 7 1 8 7  

- 0 . 0 0 1 5 6 4 6  . 

- 0 . 0 0 2 8 1 9 3  
0 . 0 4 7 7 1 3  
0 .080667  
0 . 0 6 5 4 4 5  

1 
1 
1 
1 
1 
1 
1 

' 1  
1 
1 
1 
1 
1 
1 
1 
1 





APPENDIX K 

WALTON PARTIAL PENETRATION IMPACT 

323: 
ERAFS l\VOLl :RSAPPSUISDATA\ 
OU-S\PO-37\PTREPORT Rev. No.: 0 



Academic Press,Inc.New York 

For details on equations and assumptions see 

,;oundwater modeling.NATIONAL WATER WELL ASSOC. 
Pages 163-170,339 

lton,W.C.1985.2nd edition.Practica1 aspects of 

- 4 m  

DATA BASE: 

Enter Y to calculate partial penetration 
impacts or N to continue? y 

PRODUCTION WELL DISCHARGE RATE (GPM)=? 425 
AQUIFER STORATIVITY (DIM) =? .2 
TIME AFTER PUMPING STARTED (MIN)=? 7200 
DRAWDOWN WITH FULL PENETRATION (FT)=? 2.34 
AQUIFER HORIZ. HYDR. CONDUCTIVITY (GPD/SQ FT)=? 3291 
AQUIFER VERT. HYDR. CONDUCTIVITY (GPD/SQ FT)=? 658 
RADIAL DISTANCE TO WELL (FT)=? 1 
AQUIFER THICKNESS (FT) =? 96 
DISTANCE FROM AQUIFER TOP TO BOTTOM OF PROD. WELL (FT)=? 40 
DIST. FROM AQUIFER TOP TO TOP OF PROD.WELL SCREEN (FT)=? 0 
DISTANCE FROM AQUIFER TOP TO BOTTOM OF OBS. WELL (FT)=? 40 
DIST. FROM AQUIFER TOP TO TOP OF OBS. WELL SCREEN (FT)=? 0 

DIST. FROM AQUIFER TOP TO TOP OF OBS. WELL SCREEN(FT)= 0.0000E+OO 
! 

COMPUTATION RESULTS: 

LL FUNCTION= 1.1163E+01 
UKAWDOWN DUE TO PART. PENETR. IMPACTS (FT)= 1.72 
DRAWDOWN WITH PART. PENETR. (FT)= 4.06 

COMPUTATION RESULTS : 

WELL FUNCTION= 1.1163E+01 
DRAWDOWN DUE TO PART. PENETR. IMPACTS (FT)= 1.72 
DRAWDOWN WITH PART. PENETR. (FT) = 4.06 

Enter Y for another computation with a 
new data base or N to end program? 




