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1. INTRODUCTION

The U.S. Department of Energy (DOE) is conducting an evaluation to determine the
appropriate response action to address groundwater contamination at the Weldon Spring
Chemical Plani. The groundwater operable unit (GWOL) at the chemical plant is one of four
operable units being evaluated by the DOE under the Comprehensive Environmental Response,
Compensation, cnd Liability Act af 1989 (CERCLA) process as part of the Weldon Sprmg Site
Remedial Action Project.

The chlnrinated solvent trichioroethylene (alse known as trichloroethene. or TCE) has
been detected in the shallow aquifer at the chemical plant and at the adjacent Weldon Spring
Training Area {WSTA). This ares exhibits TCE contamination in monitering wells at
concentrations ranging from 0.5 g/l to 1,300 pg/l. - A concentration of 9,000 pg/l was measured’
in a sample taken from MW-2038 in 1996. Samples collected previously and subsequently have
not duplicated this result. The regulatory maximum contaminant limit (MCL) for TCE in
groundwater s 5 ue/l, as cutlined in 40 CFR 141,

The DOE proposed and carried out a pilot pumping test program following a Teview of

the Feasibility Study for the Groundwater Operable Unit (Ref 1) by representatives of the U.S,

Environmental Protection Agency (EPA) and State of Missourt Department of Natural Resources
(MDNR). This report documents the activities performed during the program and provides
analysis of the test results. These activities were outlined in the Filor Pumping Test for the
Growndwater Operable Unit ot the Weldon Spring Site (Ref. 2).

1.1 Purpose

The primary objectives of the pumping test program, as outlined in the pumping test plan
{Ref. 2), were to;

» Determine the aquifer responses to groundwater withdrawal in the area of TCE
contamination. Ne previous data of this type existed for this part of the site.

s Provide data, such as ﬁquifer parameters, which are necessary to evaluate potential
groundwater remediation techniques.

¢ Obtain groundwater samples to further delineate the distribution of TCE in-
groundwater,

DOE/ORM34B-T57, Rev. O 1
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- The objectives gi\}en above were accomplished during this program.  Aquifer
- characteristics obtained from the pumping tests wifl be-utilized in the evaluation of the practlcahty
and eﬂ'ectweness of techniques considered for remediation of TCE in groundwater.

1. 2 Smpe

The scope’ of the pilot pumpmg test involved . numerous tasks .that were bcth
interdependent and challenging. Thus, tasks were arranged sequentially to utilize informatien
gathered during one task and apply it to'a subseguent task. The elements of the field program
involved the fﬂ]]ﬂmng (in general chmnﬂ]ngtcal ﬂrder}

. Lor.'.ate, dnﬂ, and install a pumpmg well.

o Perfoim a step drawdown test with recovet}r {to esumaxe the maximum sustainzable
- well vield).

 Performa short-term constant rate pumping test wnh Tecovery (tu estimate the area of
influence around the well ang md in locating observation wells).

. Drl]] and mstali _ﬂb&EWR'ti()[l wells. .
» - Perform a long-term constant-rate pumping tesf with recovery. -

The last item was the culmination of the field program and the most critical element, The
pumping phase of the multiple well test was designed to last at least 10 days. This phase actually
lasted 18 days. It was extended to properly evaluate aquifer boundary condltmns The recovery
phase of this test ended on Septemher ll 1998,

L3 Background

The focus of the groundwater operable unit is the shallow aquifer situated in the
Burlington-Keokuk Limestone, the uppermosi bedrock unit. The formation has two zones; the
- upper, weathered unit and the lower, unweathered unit. The weathered Burlington-Keokuk
Limestone is identified by physical properties of the rock attributable to weathering such as
alteration, color (staining), fracturing, solution features, and secondary mineralization. The unit
includes a subunit, which exhibits a nmm&ahly hzgher degree of weathenng, known as the strongly
weathered subunit.

linpacted groundwater at the chemical plém uccurs'p:imaﬁ]y within the weathered
Burlington-Keckuk. In bedrock lows, groundwater sometimes occurs within the overburden in

DOE/OR21548-757, Rev. 0 2




GOMFLETICN REFORT FOR THE PILOT PUMFING TEST FOR THE GRGUNDWATER OPERABLE UNIT AT
THE WELDON SPRING SITE ) 114686

the residuum unit, which is an unconsolidated erosional remnant of the underlying limestone
bedrock. The hydraulic conductivity is generally highest in wells completed in the bedrock lows.
This fact helped determine the iccation of the pumping well and observation wells installed during
this program.

DOE/OR21548-757, Rey. O 3
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2. ‘WELL DR[[LING AND [NST&LLATIDN
Drilling and well installation for the pumping test well and uhservannn wells commenced
on May 18, 1998, and was completed on July 10, 1998. A large diameter pumping well and four
smaller observation wells were dritied, installed, and developed during this time period.

2.1 Location Selection

. The location for the pumpmg well was selected using previous hydrogeologic and
groundwater sampling data collected at the site. First, historical groundwater data were reviewed -

to determine the apparent lateral distribation of trichlorosthylene (TCE) and to see if any
migration. pattern was observable. From the data, it appears that the initial migration direction of
TCE follows the hydraulic gradient from the raffinate pits to the south, Next, the most current
top of bedrock data were reviewed to determine if structural control of groundwater fow and
contaminant migration was evident. From previcus drilling and hydrologic testing, it has been
determined that the linear bedrock low areas (paleochannels) generally show increased
permeability and could preferentially direct groundwater flow along these festures. The bedrock
~ map showed a potential for structural control on groundwater flow from the area south of the
raffinate pits' along a broad bedrock low oriented to the southwest that turns northwest. The
location of the pumping well intended to take advantage of this feature and 1r.iea11y intersect a
transmissive flow zone.

2.2 Pum ping Well

" The pumping well (MW-3028) was located to intersect a prajection of this bedrock low

- into an area-south of the raffinate pits and to be proximate to monitoring wells exhibiting TCE

contamination, namely MW-2037 and MWS-21. Figure 2-1 shows the location of the pumping
well. The well was drilled with a track-mounted CME-750 drill rig. Hollow stem augers with an
inside diameter (ID) of 10-1/4 in. and outside diameter (OD)} of 14-3/4 in. were used to drill
- through the overburden materials. Auger cutting samples were continuously collected and
descnbed according to Procedure ES&H 4.4.7, Sm! Rock Core, and Rock Chip Borehole
. Logging and Sromge

Once bedrock was encountered (as indicated b:-,r auger refusal}, the dnllmg methcd Was
changed to NQ wireline coring. Before coring, a 3-in. ID, steel casing was placed through the
sugers and drilled into the rock a few feet to facilitate circulation of drilling water and cuttings
directly up and out of the borehole into a portable “mud tank” located at the surface. A 10-ft
solid core barrel was utilized to retrieve rock samples. Upon completion of a core run (the length
of the run varied), the core barre! was brought to the surface through the drill pipe, where the

DOE/RIZ1548-757, Ray, 0 4
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core was extracted from the barrel, placed in a wooden core box, and then logged.in accordance
with Procedure ES&H 4.4.7. 'Computer-generated borehole logs documenting scil and rock
encountered dunng the drilling of the p1.m1pmg well are provided in Appendix A. -

After reaching the base of the weathered Burlington-Keckuk Limestone, the bedrock
portion of the well was reamed to 10 in. using a Schraam air-rotary drill rig fitted with a down-

hole hammer bit. An auxiliary compressor furnished the additional air vélocity needed to move
drill cittings up and out of the Jarge diameter borehole. Reaming was performed to provide the
requu'ed hole diameter for placement of annulus material around the 6-in. diameter well screen
and casing. - :

2.3 Observation Wells

The observation wells were drilled relatively close to the pumping well te provide a means

to monitor the response of the shallow aquifer to pumping, The following four observation wells

were dn]]ed and instalied as part of this pmgram

MW-3029:. Located 47 ft. northwest of the pumping well,
MW-4028: Located 32 £t southwest of the pumping well.
MW-4029: Located 161 fi northwest of the pumping well.
MW-4027: Located 204 f southeast of the pumping well.

The first observation well drilled (MW-4027), was initially drilled as a possible alternate
_ location: for the pumping well. The packer test results from the pumping well showed only
moderate hydraulic conductivity (high 10 cm/sec range) so the MW-3028 borehole was left
cased and the drill rig was moved to the MW-4027 location. Packer tests during drilling at this
location showed even.lower hydraulic conductivity resuits than did the original pumping well
location. To finalize the pumping well location, a 2-in. polyvinyl chloride (PVC) screen and riser
were installed in each of the two boreholes. They were then briefly developed using a surge block
within the screen zone. The boreholes were subsequently pumped using a 2-in. submersible pump
to determine which well could sustain the higher yield. The borehole at the MW-3028 location

mainiained a higher pumping rate than the boring at the MW-4027 location: therefare this

- location was reamed and cump]eted as the pumping well.

The lacations of the remaining observation wells were finalized based on both their
" proximity to and direction from the pumping well. Wells MW-4028 and MW-3029 were each
drilled refatively close to the pumping well (32 ft and 47 f, respectively) while MW-4029 was
drilled 161 fi to the northwest along the fence line. This direction is approximately 90° from a
line projected from the pumpmg well to MW- 2{)3'? and almost the same d1stance Using both

DOEORMS4E-7TF, Rev, O : -]
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wells for observation allows a comparison of drawdown zlong two orthogonal axes to assess -
herizontal anisotropy in the aquifer, '

The observation wells were drilled using the same equipment and methods as the pumping
well except that the holes were reamed to 6 in. instead of 10 in. to accommodate a 2-in. diameter
well screen and casing.  All but cne of the observation wells (MW-4027) were drilled and
completed through the full thickness of the weathered Burlington-Keokuk Limestone
hydrostratigraphic unit. The pumping test plan called for all but cne of the observation wells to
be screened for only 10 ft across the potentiometric surface. After installing MW-4027 and
reviewing additional aguifer test data analysis methods, the decision was made to fully penetrate
and screen the weathered unit in the remainder of the observation wells. Soil and core samples
were collected and described on borghole logs in an identical fashion to the pumping well. The
logs can be found in Appendix A

2.4 Constant Head Hydraulic Conductivity (Packer) Testing

During the drilling of the pumping well and MW-4027, the bedrock was pressure tesied
{packer tested) using metheds described in the Groundwater Mamial (Ref 3} at approximately
10-ft intervals throughout the length -of the boring. Because of schedule constraints and 2
determination that the testing was not critical to the successful completion of the prog:mm, packer
testing was discontinued for subsequent nbservat:nn wells.

At the completion of a core run, the inner core barrel was removed and the hole was -

flushed with water to remove drill cuttings. The drilling pipe and outer core barrel were then
pulled out of the borehole. A single packer assembly was installed in the borehole through the
casing and inflated at the top of the test interval. The open hole below was then pressurized by
pumping water directly into the boring through a water pipe extending through the packer. Test
pressure and flow rates were measured with a pressure gauge and water meter, respectively. Four
packer tests were performed in MW-3028 and three were conducted in MW-4027. Results from
the packer testing are presented in Section 4,

2.5 Well Campletion and Development

Final well screen placement was determined in the field for each well depending on the
measured static water level. The goal was to fully screen the weathered unit of the Burlington-
Keokuk Limestone (except for MW-4027) and position the screen across the static water surface
allowing enough screen to accommodate seasonal variation in the water level, At the completion
of reaming the borehole to the desired depth in each well, the Schraam air-rotary rig was moved

‘off the hole and the CME drilling rig was moved back on to place the well A well string
consisting of the following materials was installed in the borehaoles: schedule 40 PVC siotted well

DOENCRIZ1S48-757, Ry, O 7
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screen with threaded botiom cap and PVC blank riser casing with threaded top cap; (observation
wells had 2-in. screen and casing versus 6-in. for the pumping well). Also, the pumping well
screen type differed from the observation wells in that it was continuous-siotted (0.020-in. slot)
versus maching-cut (0.010-in. slot). Anmulns materials were then placed through the augers as
follows: (1} 10/20 Colorado Silica® sand pack to approximately 2 #t'to 3 ft above the screen
top; (2} Peltonite® 3/8-in. bentonite pellet seal (hydrated with potable water) to 3 ft to 5 fi above
the top of sind pack; and (3) Grout-Weli® high solids bentonite grout to approximately 3-fi
* below ground surface. Table 2-1 summarizes the well construction data for wells installed during
this program, As-buﬂt weli construction dtagrams are provided in ﬁppendlx A

Table 2-1 Tast Well Gunstructmn Data
Graund | Top of :
: : Elev. Casing Filter : Total
Well Missourt State Plane {n Elav. Pack Screened Well
Number Coordinates {NAD 83) [ (MSL} {ft) interval’ | interval’' | Depth™
Merthing {ft) Easting {ft) : : .

MVW-3028 | 104209661 | 753259.40 649,20 651.92 | 342610 | 370570 | 614
MW-3020 | 104212324 | 753231.36 &40 49 653 48 35.761.0 | 28.5-58.5 61.0
MW-4027 | 1041858.50. | 753421.25 G644, 74 647 77 205432 | 320420 | 432
MW-4028 | 104207168 | 75324008 | 64671 850.35 32.0-57.0 | 345545 | 57.C
MWA020 | 104217587 -1 75312918 | B48.32 651,28 | 325580 | 360550 | BB.O

fa} - Interval or depth measired in feet below ground surface.

Well MW-3028 is completed with B-in. Schedule 40 PYC riser and screen (0.020-In. cantinuous slat).

Mots.
. Cbservation wells completed with 2-in. Schedule 40 PYC riser and screen (0.(HM0-in. maching-cut slot}.

Each well was developed by the drilling subcontractor after a minimum of 24 hours had
elapsed after annulus grout placement. Development was accomplished by itially surging the
well with a surge block attached to the drill rig’s wirefine (purnping well) or 2 hand-held PVC unit
(observation wells). This was generally performed for 10 minutes by moving the surge block up
and down in the screened zone to adequatety force water back and forth from the formation into
the weli through the well screen and sand pack. This surging action cleans out fine sand and fines
around the well, develeps the sand pack, and breaks down any "skin” on the borehole wal] caused
by the drilling process. Once the first surging was completed, the well was pumped using a 2-in.
(4-in. in the case of the pumping well) submersible pump until free of turbidity. The well was then
surged again for a similar period. It was again pumped until free from turbidity. During
development, physical parameters (temperature, conductivity, and pH) were measured and.
recorded for the well. Each of these measurements was allowed to stabilize according to
Procedure ES&H 4 4.8, Monitoring Well Installation and Developmeni, before accepting the
well as fully developed. Minimum well volumes were significantly exceeded for all the wells
during development. Well development forms were completed according to Procedun:
. ES&H 4. 4 8 and are included in Append:x A

DOE/OR/21548.757, Rev. 0 _ 8
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The wells were completed st the surface by imbedding a 6-in. (10-in. for the pumping
well} locking protective casing in a 6-in. thick, 36-in. diameter surface concrete pad. Coniinuous
placement of concrete from the top of the well annulus grout (generally 3 ft below ground
surface) to approximately 6-in. above ground surface was performed to provide protection against
frost heaving. Four 4-in. diameter, 6-ft long, concrete-filled pipe bollards were also placed
approximately 4 ft from the well casing to protect the well from vehicular/construction traffic.
The bollards and the protective casing were painted yellow to enhance visibility. All wells were
surveyed for location and elevation (ground surface and well casing top} which are provided in
Table 4-2 and on the borehole logs {Appendix A}. Al protective casings were locked upon
completion.

' . DOE/ORZ1S48-T57, Rev. O a9
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3. AQUIFER TESTING
3.1 Field Logistics and Equipment

. . The general layout for the pumping test consisted of a submersible gump that discharged
the pumped groundwater approximately 800 ft to an inline activeted carbon treatment system.
The treated water was then delivered into a lined surface unpomldmmt located at the temporary
storage area (TSA), -

A Grundfos Redi-Flo 4®, Variable Performance Pump (Model 25E3 pump end, 2.0 HP
motor) was used to extract groundwater from the pumping well This electric submersible pump
was constructed of 304 stainless steel and tefton components. The capamty of the pump ranged
from 0 to 50 galions per minute (gpm). The pump was installed in the pumping well at a depth of
58 ft below the ground surface.

A chscharge line, canstmctﬂd of 304 hrm{iﬁd stainless steel, was connected to the pump
end. T]'us line was 1.25 in. in diameter and 100 ft in length. A series of ball valves were installed
at the end of the discharge line for the purposes of controlling flow and diverting water through a
sample collection port. Al] plpmg, including the ﬂ-aﬂ'l]}lﬂ ports, was cunstructed of 304 stainless
steel. :

A totalizing water meter {Carlon™) was installed after the sample collection port to
- calculate the flow rate and to tecord the total volume of water extracted in gallons during the
pumping test. Flow rate measurements. {in gallons per minute) were recorded at least hourly
during each test. The water then continued through a 2-in. general rubber hose and was delivered
io an inline activated carbon treatment system at the TSA (Boxes A and B on Figure 3-1). The
treated water discharged to a lined surface impoundment. A sample collection pert was installed
.on the discharge line of the treatment system immediately downstream of the carbon treatment
" unit. The entire pumping test system is illustrated in Figure 3-1.

Water level measurements collected throughout the pumping test were obtained using
electronic water level sounding meters (Solinst® Model 101, P2} and pressure transducers (In
Situ® 15 and 20 psi) connected to electronic data loggers (In Situ Hermit® 1000C, 2 channel).
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- 3.2 ‘Water Level Monitoring

Pressure transducers and electronic data loggers were used to measure changes in water

. levels in selected observation locations as the tests proceeded. - Pressure transducers recorded
water. levels at the production well (MW-3028} and monitoring locations MW-3029, MW-2036,
MW-2037, MW-4027, MW-4028, MW-4029, and MWS-021. Transducers were secured and
zeroed in these wells and the electronic data loggers were set to record water level drawdown )
during each test. The data loggers were programmed to record water levels in logarithmic time

intervals at locations MW-3028, MW-3029, MW-4028 and MW-4{}29 Linear t:me intervals
were recorded at the remaining lncatmns

Watt'.r levels were monitored at several outlying monitoring wells where the potential for
drawdown was unknown. These were measured with marual static water level meters for
groundwater level changes during and after the long-terim, muitiple well aquifer pumping test.
.Locations continuously measured during pumping events were MW-2036, MW-2038, and
MW-3027. At the cenclusion of long-term test, additional locations were included for water level
moenitoring during the recevery period due to the unanticipaied laree ares of influence. These
locations ‘included MW-2035, MW-203%, MW- 3003, MW-3006, MW-3019, MW- 31}23- :
MW 3024, MW-3025, MW-4001, MW-4004 through MW-4010, and MWS-004. '

3.3 '_Step-]}riwdnwn Test

The step-drawdown test was cn:snducted on June 19, 1998, This test was performed to
‘determine an optimal pumping rate for subsequent tests. Prier to initiating the step-drawdown
test, the groundwater levels were measured and recorded in the pumping well and in monitoring

wells MW-2036, MW-2037, MW-2038, MW-3026, MW-3027 and MWS$-021 to provide
preliminary information regardmg hydraulic communication between these locations and the test

" production well.

Prior to starting the pumping test, the pump and associated discharge line equipmeént were
tested and the pump was calibrated to produce 6.3 gpm for the first test step. Due to an electrical
problem, the pump could not adequately sustain this low rate, and the rate was increased to
10.6 gpm after 28 minutes of purping. The duration of the second step was 2 hours after which
the pumping rate was increased to 15.5 gpm.. This rate was sustained for 4 hours. The fourth and

“final step consisted of pumping the wéll at a rate uf 23 gpm for 6 hours after which aquifer
recovery remrdmgs were Imtlaxed
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3.4 Short Term Constant Discharge Test

The short term, constant discharge pump test consisted of pumping the production well at
an optimum rate, as determined from the step-drawdown test and monitoring water level decline
in the production well and nearby monitoring wells listed in the previous section. Pressure
transducers and electronic data loggers were used to monitor water level changes in the wells,

The selected pumping rate was 31 gpm and the test was conducted on Fuly i, 1998. The
data loggers were programmed to begin recording dsta simultancously with the pump startup.
- The well was pumped ai the constant rate for a period of approximately 14 hours. Pumping rates

were checked every 15 minutes during the first 2 hours of the test, then th.lrl}F for the remainder
of the test. :

Upon completion of pumping, the water level in the well continued to be measured and
recorded until the groundwater leve! recovered. Approximately 99% recovery was achieved
within 12 days. '

3.5 Long Term Constant Discharge Test

The long term test began following completion of four new observation wells (MW-3029,
MW-4027, MW-4028, and MW-4029) that were utilized to measure drawdown respenses to
constant discharge frﬂm the production well, Water levels from the observation weils were
measured following well completion and development, and pressure transducers were placed in
the production well and each observation well when it was determined that groundwater had
reached equilibrium. The pump was set to discharge at a rate of 10.7 gpm based on the results of
the single well tests. The pumping was started on July 13, 1998, with electronic loggers set to
collect water level readings in logarithmic time at the pumping well, and observation wells MW-
3029, MW-4028, and MW-4029. Electronz¢ loggers were set in linear time to record data in
linear time in MW-4027, MWS-021, MW-2036, and MW-2037. A barometric pressure
transducer was placed near MW-2037 to record atmospheric’ pressure changes which bccurred
during the testing period,

The discharge raie was checked at 10-minute intervals for the first 2 hours of the test.
Thereatfter, the production rate was checked hourly. The production well was pumped for
approximately 18 days when it was determined that sufficient data had been collected. The pump
was shut down on July 31, 1998. The data loggers were set to continue to collect water level
readings in the production well and observation wells to record the aquifer recovery. [Ii was
determined that adequate recovery had been reached on September 11, 1998, for the purposes of
this program. Water level data will be collected pericdically to determine when complete
recovery is attained. :
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A summary uf the drawdown from putnping and total recovery for each well is
provided in Table 3-1. Total drawdown at each location was measured during the final hour of
the long-term test. ‘ Due to the’ unanticipated large area of influence, 17 additional wells were
added to the water level monitoring program. Four of these additional wells md:cated conclusive

ewdence of drawdown dueto pumptgg from MW-3028.

Tahle 31 Summary of Groundwater Level Ghanges Dunng tha Long Term cnnstarrt Dmharge
o Test :
.| Pre-Puimping Depth to Water Dr&wdnwn from Dapth to Water . :

Maonitoring | Depth to Water | After Pumping Pumping after 3-¥Yesk | Total Recovary () |-
Location - {f, TOC) (., TOC) .} Recovery (ft.) % Recove
MW-2035 — 54.74 — £4.80 MN.C.
MW-2036 46,78 48.70 1.92 48.43 0.27 ft.f 14%
MW-2037 47.895 51.78 3.52 49.14 2.64 it/ 6%
MA-2038 56,52 55.50 1.06 56.55 Q.03 f. 7 3%

- MW-2039 —n 6273 — 52.97 N.C.
MW-3003 — 48.23 —_ 48,33 MN.C.
WMW-3048 — 55.68 — 55,77 211 .
WVY-3023 —, 4551 — 48 65 M.C.
MWW-3024 - 47 BB -— 4545 1.40 it
MW-3025 — - 38.44 —_ 3823 0t
WW-3028 —-— 38,70 — 35.74 MN.C,
MWW-3027 37 .83 38.45 0.52 3868 M.
MW-3028 4100 4777 877 42.20 557 4 82%
MW-B025 42 54 4708 4,52 43.75 3314/ 73%
MW 40 — 20.08 - 19.89 oI0f
MwW-A004 - — 40,84 —_ 41,04 N.C.
MWW — 48.65 —, 48.75 N.C.
MW-a{08 — 2012 — 20.048 H.C
MW-A007 —- 2806 —- 28.06 N.C.

MW-4008 | — 39.74 — 39.84 M.C.
Myy-4008 —_ 31.81 - 32.02 M.,

MW -4010) — 41.56 —_ 41,87 N.C.
MWW-4027 36,80 4060 3.80 28.58 2011t f53%
MW-4028 38 40 © 4345 4.05 41.78 227 ft. / 56%
My-402¢ 40.34 4368 EE] 4217 1,45 f, 1 45%
MWE-004 — 21.02 = 21.19 W.C.
MW&DE‘I 30.7¢ 232y 2.48 3256 0.71 1% /29%

{a) Recovary calculated from data obtained on Ssptamber 11, 1998

(kY- Pre-pumping data not collected since axpected radius of mfluanne was assumed not to reach these

locations
N.C:  No conclusive avidence of pumping influgnce an ‘Wwater level

This location measurement was 10 days after pumping.
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4. HYDROGEOLGIC DATA ANALYSIS
4,1 Bedrock Siratigraphy and Structure

The stratigraphy and structure of the uppermost bedrock formation, the Bmﬂngton-
Keokuk Limestone, together influence the permeability and direction of grﬂundwater ﬂuw in the
shallow aquifer beneath the chemical plant, :

4.1.1 Stratigraphy

Previous subsurface investipations have divided the limestone into two units based
primarily on the degree of weathering: the upper wesathered unit and the lower unweathered unit.
‘The weathered unit typically exhibits & strongly weathered subzone that shows a considerably
higher degree of weathering and is characterized by vuggy, weakly cemented chert breccia with
minor limestone fragments in a sandy, clayey matrix (Ref 4). This zone is qualitatively
recognized as the strongly weathered subunit and is generally found at the top of the weathered
unit, although it is discontinucus across the site. Hydrolegic testing in the weathered and
unweathered Burlington-Keokuk generally shows higher hydravnlic conductivity - values in the
weathered unit (Ref’ 5). The strongly weathered subunit averages still higher results than the
weathered unit (Ref 4). Decreased weathering, solution features, and fracture f[‘equenclcs with
depth support the hydraulm conductivity testing results.

The stratigraphy beneath the pumping test area at the chemical plant is shown in cross
sections on Figure 4-1. The location map inset on the figure shows a plan view of the section
traces. The cross sections are comprised of the following modeled suifaces: ground topography, -
top of bedrock, weathered/unweathered units contact, and April 1998 shallow groundwater,
Schematics of each well on the section line are shown to give an accurate perspective of the well
placement in relation to the genlogy and groundwater surface. All of the weils installed as part of
this program were screened entirely within the weathered unit, including the. pumping well
(MW-3028}.

Although not shown on the cross sections, each well exhibited a relatively thick strongly
weathered zone within the weathered unit, actually comprising the majority of the weathered unit
thickness. Rock core from well MW-3029 (Section A-A’) was identified as entirely strongly
weathered (see logs in Appendix A). Well MW-4028 exhibited strongly weathered rack for all
but the lower 5 ft of the cored section (Section B-B”). Thick sequences of semi-consolidated
chert breccia in a clay matrix were common in the wells, particularly near the bedrock surface.
The thickness evident in rock core from this area corresponds with previously mapped thickness
of the strongly weathered subunit, which is greater than 20 fi in this area (Ref. 4).
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The water table occurs within the. weathered unit in all of the new wells, but is found at

the base of the overburden (residuum unit) in wells MW-2036 (Section A-A’) and MWS-21
{Section B-B’). These two wells are located within the same low bedrock area, which is situated
below the groundwater surface, resulting in a saturated residuum/limestone contact. Where this

occurs, previons hydrologic and tracer testing has shown high permesability and preferential flow

through residual gravels, vmds and fractures int the highly weathered limestone (Ref. 5).

4, 1 2 Bedrock Surface Structure

Dritling performed at the chemical plant and traunng area has previgusly ldent;ﬁed linear -

bedrock Tows on the sutface of the Burlington-Keokuk Limestone (Ref 5). As mapped, these
‘topographic lows resemble surface drainages and appear to hé pre-glacial channels formed by
" surface erosion of exposed Mississippian limestone (Figure 4-2),

In the vicinity of the pumping well, a bedrock low can be identified, with the lowest
elevation centered around MWS-21. This paleochannel feature has an initial north-south

* orientation, which tums southwest at MWS-21, then northwest in the vicinity of MW-4004.
Because of the lack of subsurface. data north of MW-4004 and MW-4005, the channel
morphology in this area is somewhat projected, but further to the northwest, the channel appears
to join 4 more regionally-defined bedrock low (Figure 4-2). This paleochannel feature is also
somewhat coincident with a shallow trough that is ewdent ori the shallow groundwater surface
(Swl:lun 5). :

- 4.2 Fra_cture Frequency/RQD Results

During drilling of the test wells, fractures were observed in the bedrock core and noted on
. borehole logs (Appendix A). Fracture frequency and Rock Quality Designation (RQD) were also
documented on the logs. RQD is a gualitative determination of rock quality calculated by taking
the cumulative length of recovered solid pieces of core that are 4 in. or greater in length in & core
tut: divided by the length.of the core run, expressed as a percentage. The tabulated fracture data
for each well are presented in Table 4-1. .

" Fracture ﬁ'equencles were higher in core from the strongly weathered portion of the
waathered Burlington-Keokuk Limestone, averaging from 4.9 to 6 fractures per foot in the test
wells. This can be attributed to the semi-consolidated/brecciated rock fabric commonly found in
this subunit. The heavily weathered nature is also reflected in the low RQD averages, which
ranged from 5% to 32%, with the highest average RQDs for this zone occurring in the pumping
well (MW-3028). The weathered unit, without the strongly weathered subzone factored in,
shows much lower average fracture frequencies, ranging from 2.1 to 3:3 fractures per foot of rock
drilled.. The RQD averages ranged from 42% to 86% in this unit. The unweathered ynit was
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‘Table 4-1 Fracture/RQD Data - .
o . : . Fracturs Fraguency YWeighted Average
Well Stratigraphic Linit . {Fractures/ft.} - ROD %
MAL3028 Strongly Weatherad BK 4.9 _ 32
Wesathated B 2.7 46
: Unweathered BK - 3.4 an -

MW-3029 Strengly Weathered BK 5.0 28

MW 4027 Strongly Weatheted BK 5.5 13

Westhered BK ) 21 g2

MW-4028 .| Strongly Yyeathered BX 5.3 17

. Weathered BK - 23 ¥

MW-4025 Strongly Yezthered BK' 50 ]

) Weathered Bi . 2.3 4B

RQD = Rock-Quality Deslgnation
BK = Burlington-Keokuk Limestane

intersected only in the pumping well and showed a somewhat uncharacteristically high fracture
frequency and resulting low RQD results (Table 4-1). - '

Increased fracture frequencies and lower RQD values can be correlated with increased
rock weathering and solutioning in the Burlington-Keokuk Limestone. The weathered unit
exhibits zones of intense weathering (strongly weathered zones) that undoubtedly contrel
- groundwater movement where saturated. -

Near-horizenta! bedding plane fractures were the predominant type encountered during -
 drilling. This agreed with previous fractare shudiés at the chemical plant using angle hole data
- which have shown an approximate 20:1 horizontal to vertical fracture ratio in the weathered -
limestone unit (Ref. 5). As can be expected in vertical boreholes, very few vertical or near-
vertical fractures were encountered in the test wells, and those that were noted, were almost
always in chert beds and not continnous fractures. The lone near-vertical fracture that appeared
“to be continuous and showed evidence of water movement was in well MW-4028 at a depth of
. 43.2 ft (in the strongly weathered zone),

4.3 Packer Testing

Hydraulic conductivity estimates based on packer tests performed during the drilling of the
pumping well (MW-3028) and the first observation well (MW-4027), are generally low. As
discussed in Section 2, the lower than anticipated hydraulic conductivity values created a bit of
uncertainty as to where to locate the pumping well. The calculated hydraulic conductivity results
from the testing are given in Table 4-2, along with the stratigraphic unit in which the test was
~ performed. Hydraulic conductivity calculation sheets are provided in Appendix B.
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Table 4-2 Summary of Packer Testing Results
Tast Hydraulic Average K far
Test Interval . Test Pressurs Conductivity Interval Stratigraphic
{feet bg.s.} humber (pai} fem/feec) {cmisec) Unit
- Wall MW-3028 {Pumping Waell)
Diepth to Bedrock = 31.5 ft Static Water Leve! = 37.8 ft
34.3-43.0 1 - 10 445 % 107 456 % 107 ~ Strangly Weathered -
' 2 15 436x%10° Burlington Keokuk
3 .20 4.50 % 10* Limestone
4 10 4593 x10*
383480 1 .10 1,06 x 10~ 1.08 x 10~ Strangly Weathered
2 15 9.63 x 107 Butlington Keokuk
3 20 1.05 x 107 Limestone
4 10 .24 x 10° : '
47 5 -58.0 1 15 7.i2x 107 BEESLS Strongly VWeathered
z 75 5.88 x 107 Burlington Keokuk
3 35 - 3eex10*t Limestone
4 25 403 x10*
5 15 4.32 x 10 :
57.5-60.0 i 15 7.55 % 107 B.88 x 107 Weathered Buriington .
2 25 . 1.06x10° : Keokuk to 59.3 then
3 35 1.26x10° Unweathered BK
4 20 - B53%10° Limestone
_ Well MW-4027
Top of Badrock = 27.5 ft.  Static Water Level =33.4 1.
29.0-385 1 - 10 603 £ 107 1.68 x 107 Strongly Weatherad
. o 25 | 945x10° Burlingten Keokuk Limestene
3 20 1.82 % 107
4 10 2.1 x 107
5 15 207 x 10
6 20 2,00 x 10"
7 1@ 215 x 10™
380485 1 10 5.26 x 10™ 1.32¢ 107 Strongly Weatherad
.o . 2 20 7.76 % 107 Burlingtan Keokuk Limestone
3 a0 1.85 x 107 to 45 .5' then Weathered
4 10 . 210 x 10 : .
4B.0- 565 1 16 303x10° 341 %1070 Weathered Burtington
2 - 25 4.56x 10° Keckuk Limestane
3 35 597 x 10°
4 40 9.76 x 10°*
. Below quantification limit but used in averaga hydraulic conductivity value for intarval.
b.g.s __Below graund surface

The results from the testing followed trends noted from previous packer testing at the site,
such as decreasing permeability with depth and the highest permeability exhibited in the strongly
weathered portion of the Burlington-Keckuk Limestone. The 39.3 i to 48.0 ft test interval in the
pumping well exhibited the highest measured hydraulic conductivity of the packer testing, with an
average hydraulic conductivity of 1.08 x 107 cm/sec. This interval straddles the area of
girculation loss and 1-ft bit drop (probable void) neted during drilling that occurred at 44 ft to
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45 & below ground surface. This zone is likely 2 significant contributor ‘of groundwater to the
well, : o ' '

The packer testing results were approximately one to two orders of magnitude less than

calculated hydrautic conductivities for these two wells from the pumping tests (Section 5). This

difference can possibly be attributed to plugging of fractures in the lmestone with drill cuttings

- during coring.  The limestone is very clay-rich which would tend 1o pack. tightly into small
fractures during drilling, and also during the water injection testing, even though the borehole was
flushed before each test. These processes are contrasted with surging and pumping of the
borehole during development, which likely pulls out both natural and drilling-related material from
the fractures allowing better flow. This is supported by the initial pumping results, particularly in

' MW-3028 where after minimal development by surging , the well was able to sustain greater than.

5 gpm. The initial and subsequent devetopment of these two wells significantly improved the
hydrauiic conductivity as evidenced by increased well productivity, more so in the pumping well
. than in MW-4027. : : '
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5. AQUIFER TEST ANALYSIS
5.1 H}*drogmlngy

The shallow bedrock aguifer has been conceptualized as a diffuse flow system with
superimposed conduit flow. The conduit system is convergent based on the results of dye tracer
tests which demonsirate emergence at Burgermeister Spring from several surface and ground-
water injection points north of the groundwater divide. South of the dividé, groundwater remains
" within surface drainages. A losing segment of Schote Creek and linear depressions or troughs in
the top of the himestone bedrock have been identified as high conductivity pathways in
commmunication with Burgermeister Spring (Figure 5-1) (Ref 5). The conduit flow system was
not identified in three aquifer tests conducted in 1985 (Ref. 6).

As a result of topographic influence on the water table, an east-west groundwater divide
roughly coincides with a surface water divide that separates the Missouri and Mississippt River
drainages. At the chemical plant, the location of the ground-water divide is south of the raffinate
pits and is also coincident with the surface topographic divide (Figure 5-2).

Burgermeister Spring and other associated springs {SP-6302 and SP-6303} are thought to
be the primary discharge points for groundwater in the shallow aquifer north of the groundwater
divide. This discharge includes water which enters the fiow system off-site through losing stream
reaches of Schote Creek Historical data indicate relatively low discharge rates under baseflow

_conditions {approximately 0.07 f'/sec) and much higher rates {maximum 4 ft*/sec) following
nrecipitation events, '

Groundwater levels fluctuate with time. Smaller groundwater fluctuations (less than or
equal to 1 ft) are observed in several wells located in the southern and north-central portions of
the chemical piant. Larger fluctuations are observed at wells located on the western part of the
training area and in & few scattered locations within the chemical plant. Small fluctuations
typically occur in areas of higher hvdraulic conductivity. For example, at MW-2037 and
MW-2038, south of the raffinate pits, hydraulic conductivities greater than 10 cm/s have been
estimated and fluctuations of less than 1 ft have been measured. The location-dependence of the
water-level fluctuations may be attributed to the properties and the thicknzss of the vadose zone
and the surface topography. 1n general, the locations with greater fluctyations are in areas of thin
overburden. In these Jocations; the greatest fluctuations are likely the result of quick moverment
of infiltration from precipitation and/or runoff into the groundwater system and the slow
movement of water out of the well into the aquifer. Conversely, the locations with smaller
groundwater fluctuations are in areas where groundwater moves quickly within the bedrock
aguifer (Ref. 5). . ' '
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Analysis of core from angled borings indicates that fracturing in the shallow bedrock
aquifer is predominantly horizontal and typically occurs along interbeds and bedding planes
* {Section 4). Both horizontal and vertical fracture densities are significantly higher in the upper

weathered bedrock than in the Jower unweathered unit. The aquifer becomes less permeable with
depth because of the decreased weathering and associated dissolution features. In the weathered
- unit, the hydraulic conductivity ranges from 107 cmv/s ta 107 cr/'s (Ref. 5). The upper part of the

weathered unit shows a greater variation in bydrautic conductivity than the lower part. For
example, within the top 15 fi, the range of hydraulic conductivity values is representative of the

entire weathered unit, however, 35 ft below the top of the bedrock, the hydraulic conductivity

ranges only from 10° cm/s to 10 em/s. The highest estimates ocour"at locations where the
contact between the residuum and the top of weathered bedrock is saturated (Figure 5-1).
Locations of high hydraulic conductivity generaily correspond to linear depressions in the bedrock
‘topography where the limestone is highly fractured. In the unweathered unit, the hydraulic
conductivity typically ranges from 107 cm/s to 107 em/s (Ref, 5).

Although almost all of the monitoring wells at.the chemical plant pump div during low
rates' of purging, two wells sustained high flush water injection rates {10 gpm to 25 gpm)
following emplacement of dye tracers. These are MW-2032, which was found to be in direct
hydranlic communication with Burgermeister Spring, and MW-2037, which typically has some of
the highest TCE concentrations of any well. Analysis of bedrock topography combined with the

hugh sustainable injection suggest that these wells are in the high hydrauiic conductivity conduit |

system. The fact that MW-2032 pumped dry during low rate purging (approximately 1 gpm)

suggests that the most permeable zone is located at and above the water table.

. Dissolution fedtures, inciuding secondary intergranular porosity, are present in the
weathered unit and generally are orieited parallel to bedding planes. Loss of circulation and core
loss were common during drilling in the northern part of chemical plant area (Ref. 5). During the
 test well drilling, circulation was maintained in the boreholes, but significant- core loss accurred
due to the exiremely weathered nature of the upper bedrock. Preferential flow along horizontal
features likely results in the aquifer being highly amisotropic with the horizontal hydraufic
conductivity much greater than the vertical hydraulic conductivity. Water quality data and high
barometric efficiency observed in observation wells used for pump tests provide indication of low
relative vertical hydraulic conductivity :

Most of the aquifer recharge moves laterally above the unweathered limestone based on’

the generally lower hydraulic conductivity, lack of tritium, and lower nitrate levels for the
unweathered unit' (Ref. 7). The presence of tritium and larger Ca/Mp ratios in water samples

from the weathered upper part of the shallow aquifer are evidence of shorter residence time -

(Ref. 7).
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Recharge to conduits is most likely concentrated in areas where the overburden is thin or
absent. Surface water becomes shallow subsurface flow along losing stream reaches and then
reappears at springs to become surface water again. Leocalized recharge likely also occurs as
preferential infiltration through hairline fractures, discrete permeable zones, and macropores
(Refs. 5 and 7). _ o S

5.2 Static Water Levels

Static water level monitoring was performed in the test well and five nearby manitoring
wells to determine antecedent trends and to evaluate the effect of external influences (i.e., those
not telated to pumping such as precipitation and changes in atmosphenic pressure). A plot
showing precipitation, barometric pressure change, and relative water levels for the week
preceding the step drawdown test is shown on Figure C.1 in Appendix C. This figure shows a
strong inverse correlation between barometric pressure change and the relative water level in all
‘six wells. The barometric efficiency is defined as the ratio of change in water level in a well to the
corresponding change in atmospheric pressure or

BE = yAh/Ap

where: v = specific weight of water
BE = barometric efficiency
- Ah = change in water level
Ap = change in atmospheric pressure

" The relatively high observed barometric efficiency {approximately 50%) is an indication
that the shallow bedrock aquifer is semi-confined due to low vertical hydraulic conductivity and -
also that the aquifer matrix is relatively incompressible. Atmespheric pressure fluctuations do not
cause appreciable water level fluctuations in unconfined aquifers because the pressure i3 borne
equally by the water in the well and in the aguifer (Ref. 9). '

Although the water levels at the end of the static water leve! monitoring period are not
appreciably different than at the beginning of the period, a decrease of nearly 0.5 &t occumred in all
six wells within a period of appreximately 30 hours. This decrease was coincident with a high
pressure system that moved into the area on June 13 and 14, As such, evaluation of drawdown
caused by pumping involves consideration of barometric pressure fluctuations, particularly when
the total drawdown is less than 1 fi. In the following analysis, corrections were made to the water
level recovery data assuming a barometric efficiency of 50% for all wells. Corrections were made
only for the recovery data because barometric pressure data were not available for the period of
pumping due to a malfunctioning data logger.
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53 Step Drawdown Test.
5.3.1 Amnalysis of Pumping Data

* The step drawdown test at MW-3028 lasted approximately 8 hours followed by
approximately 2.5 days of monitored water level recavery. The discharge was step-wise
increased from an initial rate of 6.3 gpm to a maximum 23.0 gpm in the fourth and final pumping
period. The total discharge was in excess of 8,700 gal. Water level monitoring took place in the
pumping well, and for qualitative purposes in MW-2037 (r = 159.5 ft), MWS-21 (r = 188.0 ft)
and in MW-4027 (r=204.5 fi). Drawdown versus log time plots for the period of pumping are
shown in Figures C.2 through C.4 in Appendix C. The pumping well shows log-linear best fit
lines for each of the last three steps (Figure C.2). The posted fit statistics indicate a reasonably
strong log-linear trend for each step with the lowest correlation coefficient (R-squared) equal to
0.94 (1.00 = perfect fit). -

Measured from the top of the well casing, the initial water level in the pumping well was
40.74 fi, the screened interval was from 40 £ to 60 fi, and the pump intake was situated. at
approximately 55 ft. The total available drawdown thus was approximately 14 f, and the initial
seturated screened interval was 19 &, :

Drawdowm at the end of the test was 3.23 fi in the pumping well, which is roughly 17% of
the initial saturated screened interval and 23% of the available drawdown. Although the water -
. level never approached equilibrium, as would be indicated by the water level ceasing to decline, it
appeared that the sustainzble pumping rate possibly exceeded 23 gpm based on the small total
drawdown in comparison to the amount available. For comperison, the estimated sustainable
yield at the three previous pumping test locations was 0.3 gpm (Ref. &).

The pumping well step-data were evaluated quantitatively using the méthod of Birsoy
(Ref. 10). The Birsoy calculation {(Appendix C) incorporates the correction scheme of Jacob
(Ref. 11) to account for decreased saturated thickness caused by pumping.- The transmissivity
estimate based on this analysis is 7,600 gal/day/ft. For comparison, transmissivity estimates based
on analysis of the pumping well data for the 1989 constani rate aquifer tests are three orders of
magnitude lower, ranging from 2.9 gal/day/fi to 9.1 gal/day/ft (Ref, &}. -

5.3.2 Analysis of Recovery Data

_ Water level recovery from the step test was analyzed using the Theis Residual Drawdown
Recovery Method (Ref. 12) after applying the correction of Harrill (Ref. 13) te' account for the
variations in discharge. The recovery data in the pumping weil with residual drawdown plotted as
a function of tA' are shown in Figure C.5 in Appendix C, where t is the time since pumping

. DOE/OR/21548-757, Rev. _ 27



COMPLETION REPORT FOR THE PILOT PUMEING TEST FOR THE GROUNDWYATER OPERABLE UNIT AT
THE WELDON SPRING SITE 11/8/88

started and t' is the time since pumping stopped. Time increases from right to left on-a t/t' plot.
The data plots as two roughly parallel line segments separated by a transition from 14" of 1,000 to
10. Parallel line segments are characteristic of double porosity fractured rock aquifers (Refs. 14
and 15), although in this case the paraliel line segments are not well defined and the offset is
relatively minor. Note that the recovery data intercept the zerc drawdown line at a t/i' value of
approximately 1, indicating full water level recovery following the relatively short duration test. -

A transmissivity of 6,400 gal/day/ft was estimated based on log-linear regression of the
recovery data for t/t' values between 2 and 10. Only the late straight line segment data (low /'
values} were analyzed as the early recovery data potentially were affected by wellbore storage
and/or skin effects (Ref. 16). According to the equation of Hargis (Ref. 17), the wellbore storage
effects based on this transmissivity have not completely dissipated umtil a t4' value of 19.
However, the data trend does not exhibit the characteristic steep initial slope caused by wellbore
storage and skin effects (Figure C.5). The data trend also does not exhibit the sharp slope change
characteristic of data affected by a lingar barrier boundary. The transmissivity estimate is in close
agreement with the estimate based on the Birsoy analysis for the pumping data.

5.4 Constant Discharge Aquifer Tests
5.4.1 Boundary Conditions

A preliminary shorf-term constant rate aguifer test was performed at MW-SE:QS in nrder to
evaluate the pumping and data collection systems and to facilitate locating additional ohservation
wells. *A constant pumping rate of 31 gpm was maintained for approximately 12.5 hours. A .
highier pumping rate was chosen based on the step-drawdown test results which suggested a
sustainable vield potentially in excess of 23 gpm. Pumping at near the sustainable yield was
desired in order to obtain interpretzble drawdown at observation wells and to better evaluate
aguifer boundary conditions.

_ The data collected during the 31 gpm test revealed two boundary conditions that were not

evident from the step test. First, the aquifer response to pumping over the longer period of
constant discharge is not characteristic of radial flow. Drawdown trends for the pumping and
observation wells are curvilinear, concave downward when plotted as drawdown versus log time
(Figures C.6 through C.10), and lincar when plotted on fully logarithmic plots (Figures C.11
through C.15). In contrast, analytical solutions for radial flow to a well (e.g., the Theis (Ref. 12} .
nonequilibrium equation) predict a linear relationship for drawdown versus log time, which is
curvilinear, and concave downward on a log-log plot (Figure C.16).

_ Second, a sharp increase in the rate of decling in the water level was observed when the
drawdown in the pumping well reached approximately 5.5 ft (Figure C.6). From this poini, the
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water level lowered rapidly to the pump intake. A possible explanation for the increased rate of
drawdown is that the come-of-depression intercepted a barrier boundary, which by image well
theory (Ref. 18} would cause a doubling of the drawdown slope. In this case, however, the sharp
increase in drawdown resulted in more than a doubling of slope in the pumping well but was-not
observed in nearby observation well MW-3029 (Figure C.7), nor in the three other monitored
observation wells (Figures C.8 through C.10). - ' :

Based on this fact; and with reference to the hydrogeologic conceptual model, the
boundary condition which caused the increased: drawdown likety is not a lateral barrier boundary
but instead is a decrease in the hydrautic conductivity with depth, possibly the resuit of dewatering
of a portion the solutioned fracture systeri (i.c., conduit). - This conclusion is supported by the
observation of the pumping water level surface becoming turbulent from cascading water when
the drawdown reached approximatety 5.7 ft during the long-term test. Also, an increased rate of
drawdown occurred at approximately the same water level elevation in the pumping well during
the 18-day long-term test (Figure C-17). This despite the fact that the total pumped volume at
the time of the inflection point was approximately 15 times greater during the long-term fest than
during the short-term test.

Packer test results for the MW-3028 borehole did not indicate a significant depth
dependency for hydraulic. conductivity but alse did not indicate a significant change in hydraulic
conductivity at any depth (Section 4.3). It is reasoned based upon comparison of packer test
results with aguifer test resuits that well development subsequent to packer testing - appreciably
increased the effective hydraulic conductivity in the upper interval of the MW-3028 borehole.
Also, based on the pattern of drawdown in the short- and long-term constant raté tests, the bulk
of the transmissivity in the formation adjacent MW-3028 is provided by the interval from the
water table to a depth of approximately 47 ft below top of casing, which equates to approximately
to the first 6 ft of drawdown for both the short- and long-term tests,. A 1-f. solution void was

encountered at approximately 46 ft (below the top of casing) during drilling of the MW-3028

borehole (Appendix A).

~ Semi-logarithmic plots of the pumping data for the long-term test (Figures C.17 through
C.27) show curvilinear trends similar to those observed for the short-térni tests. Fully logarithmic
plots (Figures C.28 through C.38) show a strong linear log-log relationship that develops early
- during -pumping and continues through the end of the test. The curvilinear semi-log trend
effectively precludes analysis of the drawdown data using straight line techniques based on the

- assumption of radial flow. " The observed linear log-log relationship s, in fact, characteristic of

parallel flow, which is also commonly referred to as “lLinear flow” in petreleum engineering
literature (Refs. 19 and 20). ' '
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An analytical model for a parallel flow system, which is a close analog to the
hydrogealogic conceptual model for the conduit flow system at chemical plant (Section 5.1), is a
single permeable vertical dike which intrudes a much lower transmissivity fractured rock aquifer
(Refs. 21, 22, and 23). The fractured dike is linear, infinitely long, and has a finite width and finite
hydraulic conductivity,. The dike is confined above and below by impermeable unfractured
bedrock and the well is represented as a plane sink. The idealized dike-aguifer fiow system is
depicted in Figure 5-3.

When the well is pumped at a constant rate, three characteristic time periods can be
distinguished: early time, medium time, and late time. The theoretical response for the pumping.
well at sarly and medium times is illustrated in Figure C.39 in Appendix C. At early times, all the
water is derived from parallel flow within the dike and none is contributed from the lower
transmissivity aquifer. At medium times, alf the water is supplied from dominantly parailel flow
. from the aquifer and none is contributed from storage in the dike. A log-log plot of the pumping
well time-drawdown data vields a linear trend with a slope of 0.25 during this period. Finally, at
late times, the flow is pseudo-radial and a semi-log plot of the time-drawdown data yields a
straight line. The late time radial flow pattern is not expected to develop unless the width of the
high transmissivity feature is quite low such as a dlke not wider than a few centimeters or an
individual fracture (Ref 16).

_ Pseudo-radial flow does not appear to have developed during the long-term test. The
slope of the line of regression for the pumping well drawdown data during the period from 1 to
10,000 minutes is 0.25 (Figure C.28), which is consistent with the theoretical response for
medium pumping times. Later data are positioned above the linear trend and are likely the result -
of the total drawdown extending below the depth-related boundary.

- While all of the wells exhibited linear log-log trends, the slope of the trend generally
increases with increasing distance from the pumping weli (Figures C .28 through C.38). The slope
of 0,25 for the pumping well regression line is the lowest (Figure C.28). The slopes range from
0.38 to 0.66 for the six observation wells within 205 ft of the pumping well (Figures C.29 through
C.34). Slopes of approximately 1.0 occur for the three most distant weathered bedrock wells
(Figures C.35 through C.38). This pattern suggests a gradational herizontal buundar_v between
the weathered -conduit feature and the surrounding less transmissive aquifer.

5.4.2 Area of Influence
A plot of drawdown versus distance after 10 days of pumping during the long-term test is

shown in Figure C.40. The data for the pumping and six closest cbservation wells form an
approximate log-linear trend, assumng an effective radius of 0.5 £t for the pumping weil,
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However, the four most distant wells fall considerably above the line of regression for the closer

wells. The zero drawdown intercept ocours at 255,000 ft, although in reality only a small amount
of drawdown (0.15 fi.) was measured at a distance of 620 ft-in MW-3027. Because the zero-

drawdown intercept is such a large number, the storage coefficient calculated using the straight-

line method is very low (3 x 10}, lower than the normal range for confined aquifers (Ref. 18). In

reality, the effective storage coefficient was likely higher than calculated because the area of
influence was nch smaller than the assumed 255,000 ft.

A distance-drawdown plot f‘m' the last day of pumping (time = 18 days) is shown in
Figure C.41. Tt can be seen that the four most distant wells are now positioned nearer the line of
regressiofh for the closer wells. This is consistent with the delayed drawdown pattern predicted
for wells in the low transmissivity aquifer according to the dike-aquifer analytical model (Refs. 21,
22, and 23). Their method of analysis involves plotting the ratio of drawdown in the observation
well to drawdown in the pumping well versus time and performing curve matching using the type
curve far wells in the low transmissivity aquifer (Figure C.42). It can be seen that paralle flow in
the aquifer causes the curve to asymptotically approach a drawdown ratio of 1 after a delay
caused by the resistance of the low tra.nsnussmty aquifer.

Assuming an isutmpic aquifer, the extent of hydraulic influence (ie, where drawdown
occurred) is several thousand feet from the pumping well at the end of the test based on a
regression of the data for all eleven routinely monitored wells (Figure C.43). In reality, the
observed drawdown is not symmetrical. For example, MW-3029 had more drawdown than’
MW-4028 even though MW-3029 is the more distant well MW-2037 also plots below the
regression line suggesting anisotropy, although the same effect coild also be the result of
hydraufic communication along an isotropic, high hydraulic conductivity trend. Based on the
hydrogeelogic conceptual model, the orientation of the high conductivity paleochannels i is & more
significant control on the area of hydraulic influence than s.msatmp},r

Heterogeneous and/or anisotropic conditions are also made apparent by inspection of a
plot of drawdown versus time over radius squared (t/r*} (Figure C.44). For a homogeneous and
isotropic aquifer, all the observation well data would plot on a Theis curve-shaped trend
{Figure C.16). Instead, data for the nearest wells (MW-4028 and MW-3029) plot as two parallel
trends which are steeper than a Theis curve and are crossed by the data from the more distant
cbservation wells. :

The observed aguifer response to pumping is obviously incensistent with that which would
be associated with radial flow in a homogeneous and isotropic aquifer. Rather than a cone of
depression, pumping within an elongate zone of high permeability results in the development of 2
trough of depression (Refs. 16 and 24). The maximum drawdown (Figure 5-4) on the day before
the long-term test ended was to the northwest and east of the pumping well, but tacks enough
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contrel points to verify the existence of a trough-shaped area of influence. The direction of
observed maximum drawdown is approximately coincident with the north-south orientation of the
bedrock depression in the vicinity of the pumping well (Figure 5-1). Data from the last day of the
test was not used for contouring because the depth-related boundary had by that time caused
excess drawdown in the pumpmg well.

The hydraulic capture zone (1 e., that portion of the aguifer that contains groundwater that
will eventually be drawn into the we]l) extends out from MW-3028 as shown in Figure 5-5 and
5-6. The area of hydraulic influence does not equate with the hydraulic capture zone despite the
relatively slight natural {non-pumping) hydrauiic gradient. For example, MW-3027 is outside the
zone of capture despite a total drawdown of approximately 0.5 ft. Visual evidence of hydraulic
capture between wells occurred approximately 13 days into the long-term test with the armval at

' MW-3028 of Rhodamine WT dye that had been injected into MW-2037 (Section 6).

5.4.3 Aquifer Properiies

Quantitative analysis using equations developed for radial flow is problematic n this case
because of the probable occurrence of parallel flow. The application of curve-matching and -
straight-line procedures for the pumping period data generally is not possible due to the large
deviation which occurs between the theoretical and actual responses to pumping. The data which
_ are most readily analyzed using standard straight-line procedures are the recovery data from the

short-term test {Figures C.45 through C.49) and the long-term test {Figures C.50 through C.57).
The results of these analyses are presented in Table 5-1, which indicates reasonably good
agreenient with estimates of transmissivity (T) from the step-drawdown test.

To facilitate comparison with estimates for other porcus and/or fractured media, a range
of hydraulic conductivity (K) estimates js presented based on a range of saturated thicknesses (b}.
Highest hydraulic conductivity is calculated when the assumed saturated thickness is 1 &, which
corresponds to the approximate interval of a void encountered during the drilling of MW-3028
(Appendix A) Much lower estimates are calculated assuming the initial saturated screened
interval of 19 ft, which also corresponds roughly to the thickness of the saturated strongly
weathered interval. In any event, transmissivity is a more direct indicaiion of the ability of the
aquifer to transmit water than hydraulic conductivity. . '
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Table 51 Aquifer Praperties by Radial Flow Analysis
r ‘K {cmfesg) | K [coisec)
Tost Method Well () Ti{gpdii) | b=1ft h=19ft
Step-Purmping |Birsoy and Summers  |MW-3028 |0 76x10° | 36x107 | 1.9x107
{1250) {Ref. 10 '
Step-Recovery | Theis Recovery {1935) [MW-3028 [0 64x107 | 2ox10" | 1.6x10¥
w¥ Hamill's {1970} :
Commection {Refs, 12
and 13)
Short-tarm Theis Recovary {1935} |[MW-3028 [O 48x10° | 23x107 | 12x10°
Recovery (Ref. 123
Short-term Theis Recovery (19351 |MW-302¢ 485 48x10° | 22707 | 1.2x10¢
Recovery (Ref, 12) : :
Longterm Theis Recovery {1935) |MW-3028 |D- 204.5 1Ax10° | 5.0x10° | 2Bx 107
Recovery (Ref, 121 -1.5x10° | -7.3x 107 | - B.MB)HD'G
Long-term Cooper and Jacob various VarioS 5ax10 | 33xW | 17x107
Pumping {1646} - Distance-

Drawdown (Ref 25)

Inspection of the recovery data from the long-term tests (Figures C.50 through C.57)
reveals that incomplete water level recovery occurs from the long-term test. The projected
residual drawdown at a ¥/t' value of 1 is approximately 1-ft for the pumping well (Figure C.50).
Failure to completely recover is characteristic of an aquifer of liniited extent with no recharge
when pumping permanently lowers the static water level (Ref. 26).

Consistent with the short-term test, an initial rapid filling of the wellbore after pump shut
down did not occur, which suggests that wellbore storage and/or skin effects were not significant
it the pumped well. Instead, the recovery trend is relatively flattened for t/t' values greaier than
10 {i.e., for data from the first 2 days of recovery). The trend of the Jate time recovery data were
used to determine transmissivity valugs in accordance with the recommendaticns of Hargis

(Ref, 17). -

The resulis of curve-matching for observation well data from the long-term test using the
solutions of Boonstra and Boeshmer (Ref. 21) for flow in a composite dike-aquifer system are
presented in Table 5-2. A family of type curves for abservation wells within the pumped dike are
given in Figure C.58. The curve matching procedure yields estimates for the praduct of the width
and the transmissivity of the dike/conduit {W,T;), and product of the width and the storativity of
the dikefconduit {WsSs), and the product of the storativity and transmissivity of the surrounding
aquifer (T.S,). Separate values of Ty and S, are not possible without an estimate of the width of
the dike/conduit {Wy).
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Table 5-2

Aquifer Properties by Curve Matching Procedure for Fractured Diks-Aquifer Analytical -
~ Maodel : : . _ . '
By Direct Calculation Asguming Wa=50 ft
Wiskl. R . o - K
: o WeTa WaB: | T8 Ta {cmisec}b| K {cmisac)

: () | (miday) | (m) | (m'day) | (gpditty | s, =1t b= toft
MW-3028 322 [18x10° |2.3x107° 1.1 85x10° [2x107 J45x107 |23x107
MW-ang8 1485 13.0x10° |91 x 107 [24x107 [18210" [Bx10™ [75x107 [4.0x 107
TMW-2037 11595 [1.1%10° [1.8x107 [1.5x 107 [S8x10° [1.2x40% |27% 10" |1.4% 107
MW-3Dz0 [181.2 {2865x10° [34x 10" [25x10° [1.3x10° |2x10°  |82x 10" |32x%10°
MWS-21  [188.2. [7T.8x10° [2Z1x107 [38x 107 [42x40° [1x167F [Zx107 § 10
MW-4027 |204.5 [B.3x10° [25x10° [16x107 [3a3x10° [2x10° [16x 10" |6Z2x10°
Wy - width of dike
Ty transmiseivity within the dike
Sy storativity within the dike
b aquifer thickness
r tadius from well

Data from the six closest cbservation wells were analyzed as if all were completed in the
pumped dike/conduit. This was done because the width and orientation of the high transmissivity
zone is not. known with precision and because the boundary with the lower transmissivity aquifer
likely is gradational rather than abrupt. For comparative purposes, transmissivity (Ty), storage

(Sa), and hydraulic conduyctivity (K) values were calculated assuming an effective width of S0 £t

This width resulted in transmissivity and hydraulic conductivity values of the same magnitude as
estimated using equations for radial flow. The storage term, Sq, ranges from approximately 107

to 10%, which theoretically represents drainable fracture porosity. The actual width of the high

‘transmissivity feature may be greater or less than assumed, and the boundary with the less
transmissive aquifer is likely gradational because it is controlied by weathering.

_ The pumping well data could not be analyzed using the curve matching procedure of
Boehmer and Boonstra (Ref. 21} for late pumping times because the slope of the data trend
remained at 0.25 throughout the period of pumping (Figure C.28). The pumping well drawdown
data were used as a check on the type curve analyses for the observation wells, however, using
equations presented in Kruseman and de Ridder (Ref 16). When the observation wel data could
be reasonably matched to more than orie type curve, as ocourred in several cases, the value of the
lumped parameter WyT4(S,T,)** for each match point was compared with the value obtained
using the pumping well data.  Aquifer property estimatés in Table 5-2 are based upon the
cbservation well match point for which the lumped parameter estimate was in closest agreement
to the Jumped parameter estimate obtained with the pumping well data.

None of the observation well data could be matched with confidence to the type curve for
the fow transmissivity aquifer {Figure C42). The data for all nine routinely monitored
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cbservation wells when plotted as drawdown ratio versus time are shown in Figure C.59. The
data trends for the six closest observation wells cannot be matched well to the type curve because
they extubit a flatter shape than the theoretical trend. The data for MW-2036, MW-2038, and
MW-3027 (r=479.9, 598.2, and 619.8 fi, respectively) are too erratic for curve matching.

5.4.4 -Sustainable Yield

Accurate quantification of sustainable yield-is not possible because the pumping water
level never approached equilibrium duning the long-term test. Rather than asymptotically trending
towards stabilization as normally ‘occurs, the water levels continued on a downward trend
throughout the 18-day period of pumping. The increased rate of drawdown in the pumping well
that occurred when the drawdown reached approximately 55 fi in the long-term test
(Figure C.17) is similar to that observed during the short-term test (Figure C.6) and suggests that
the well eventually would have pumped dry if the test were continued. The sustainable yield is
therefore somewhat less than 10.7 gpm, although an equivalent or higher pumping rate might be
achievabie for an intermittent pumping reglmen or if the aquifer were artifically recharged
upgradient of the extraction wells. :
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ﬁ GRGUN])‘W&TER QUALI'I'Y

Between June 10 and July 31 1998, a total of 47 groundwater samrples was obtamed from
the pump test field effont. Analynca] parameters include trichioroethylene  (TCE),

tetrachioroethene (PCE), dichloroethene (DCE), nitrate, sulfate, iron, manganese, urapium and

nitroaromatic compounds. The volatile organics were collected for the purpose of identifying any

upward or downward trends in concentrations apparent as the aguifer responded to pumping. .
The remaining parameters were analyzed to provide baseline values for groundwater quaht}r as

well as to provide contaminant concentrations for treatment requirements,

6.1 Sampling Events

EVENLS:

Development of the well {1 sample).

Step-drawdown test (four samples).
- Short-term putnping test {five samples).

Prior to start of the long-term pumping test (one sample)
.Long-term pumpmg test (29 samples).

& & & 4 B

‘Samples from the lnng-term test were initially taken once per shift (E hours), then da;:rease:d to-

twice per day.

The off-site locations impacted by the earlier tracer test were sampled prior 1o the
initiation of the multi-well pump test (Ref. 29). These locations encompassed monitoring welis
MWS-003, MWS-004, IMIWS 021, MWS-112 and Burgermelster Spring (SP-6301).

Samples were obtained during the developmmt of observation wells MW-4027 and
MW-4029. No samples. were taken from MW-3029 and MW-4028, as these wells are located
within 50 ft of the pumping well. The assumpfion was made that due to the close proximity of
these wells to MW-3028, any water drawn into these observation wells wc-uld BSS-EIT!I&H}F be of the
same quality as that reported for MW-3028

All sampling activities were conducted in accordance with the fu]]awmg Weldon Sprmg |

site standard operating procedures.

« ES&H 4.1.1 Numbering System for Environmental Saﬁm!es and Sampling Locations
» ES&H 4.4.1 Groundwater Sampling
» ES&H 4.1.2 Initianion, Generation and Transfer of Environmental Chain of Custody

Groundwater samples were tzken from i::-urnping well MW-3028 during the following
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» ES&H1.14 Lﬂgimok P?‘acedure
. ECDI -3 Hazardous Material Sample Tran.sparraﬂan Activity ;HMSTA) Operations

All samples were collected, preserved and containerized according to the requirements set
forth in the Filot Pumping Test for the Groundwater Operable Unit at the Weldon Spring Site
(Ref 2). This report also specified the following quality control sample requirements; matrix
spike/matrix duplicate, one per 20, field replicate, one per 20; and trip blanks, one per shipment.
These requirements were met during the sampling event w1th the exception of field blank samples
which were not cellected.

Table &-1 presents the amalytical results from the pumping test sampling. The raw
analytical data are summarized in Appendix D. Figure 6-1 presents the TCE data obtained from
selected test wells prior to the start of the long-term test. This figure also includes data results
from the June 1998 routine sampling for MW-2037 and MW-2038, which; while not included in

- the scope of this field effort, are located just upgradient of the pumping wells. Due to the longer

than expected recovery period, samples were not collected for the analysls of TCE fﬂr inghision in
this report.

6.2 Analytical Results

In monitoring well MW-3028, concentrations of TCE ranged from 370 ug/l to 717 pgl, .
which is significantly greaier than the maximum contaminant level (MCL) of 5 ug/i. PCE was
detected during the short-term pumping test at 21 pg/l; the remaining samples were primarily non-
detects (82% of data). It was noted that the detection Limits reported ranged from 5 pg/l to
50 pg/l (compared to an MCL of 5 pg/l) because some samples required dilution due to high
levels of TCE. Approximately 13% of the PCE data were reported as estimated values (detected
below the detection limit). These data ranged from 1 pg/l to 6.8 ug/l. DCE was reported at

estimated values ranging from 8 pgfl to 16 pg/l, well below the MCL of 100 pg/l for this
parameter.

The full suite of volatile organics were analyzed during the development of both
MW-3028 and MW-4027. Chioroform and methylene chloride were detected in both samples;
these chemicals are common laboratory contaminants. Other parameters were obtained
periodically for process monitoring evaluation. These parammeters are summarized in Table 6-1.-
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Table §-1- Anaiytical Data Resulis - Pitot Pumping Test
' PCE _ Mitrate Sulfate | . : Manganese | Uranlum | Compounds

. Date LoeationTime | TCE (ugil) {ugh) | DCE (ug) | (mgM) (mgi) | Iron (gA) {ugA) - {pCI (pg#l)
EA10498 4027 4 23 " - " * "' * *
Ef10/98 3028-051098 420 HDE20 {6.0) - - * * * *

- 61995 3028-5TL1 |~ 470 ND@E0 {15.0) * * * * * *
6/19/98 32H-STL2 530 NDE2E {9.0) * * ¥ * * *
6/10/98 3026-8TL3 530 B0 | (13.0) > . . . . >
&/19/08 S028-5TL4 480 NOER2S {18.0) * * * * * *
711798 3028-070188-01 403 21.0 * * * - - - >
71198 2028-070128-02 532 {6.8) S 253 * 430 258.7 0.656 0.024 - 0,77 |
711/98 3028-070193-03 517 NDgE10.0 * * * * * * '
7296 3028-070288-M * ' * : * 215 120 * * * '
71298 3028-070258-02 - - * 276 160 * * * *
7/6/98 3028-070888 543 ND@E.7 * * . . * * *
7/6fa8 6301-07D598-L ND hND * > * * * * *
7/56/98 S003-070698 ND ND * * * * * * *
7A/86 | . SD04-070598 - {0.58) . ND * * * * * * *
7/6/06 5021-070898 182 - ND . * * -+ * * * *
7i6/98 - -B112-070598 ND D * * * * * * *
TH0/98 - 4028071094 41 ND * . . * * * *
7113198 SO2E-071398-0853 |- 438 {1.24) * * ¥ * * * *
TH3/98 | 3028-071398-1810" 435 NDg25 - " - " * * * *
TH498 | 3028-071498-0215 4949 HD@E25 * - - * * * *
7114/88 | 202R-071408-1010 420 NDE25 * 222 110 ¥ * * *
TH4/98 | A028-071498-1810 .}  aA50 NDE2S * * " * * * *
508 | A028-071595-0210 - _ 510 ND@25 * * [ > . > .
¥H5/98 | 3028-071588-1010 572 ND - 174 110 * * * *

- FA5/98 | 3028-071598-2145 652 ND . . . . . . *
THMGHA | 3028-071698-1025 523 D - * .- - - - *
1608 3028-071858-2200 450 NDER10 . * ' ® B & . .
F17/98 2028-071788-1000 470 NO@10 * * * * * * v
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Table 8-1 Analytical Data Results - Pilot Pumping Test (Continued;
) Nitroaromatic

: PCE Nitrate Sulfate _ | Manganase | Uranium | Compounds

Date Location/Time | TCE {pg/) {pgh) DCE [pgfl} | {mg) {mg/) Ivan {pg) (ug) {pCitl) (g}
7H18/98 | 3028-071898-0200 470 NOE 10 * . * * . * . *
FHB/08 2028-071668-0230 S00 NOER 10 - . * * * * *
7120095 | 3028-072088-0240 440 NDE10 * . * * * . *
720/98 | 3028-072098-1430 410 ND * . * * * . *
¥121/98 A02E-072158-0230 380 ND . v * * . * -
7121/98 | 3028-072188-1430 400 ND . b * * * * .
7/22/98 | 3028-072298-0230 380 ND . . * * . - .
FI22198 A02E-072288-1410 370 ND . * * * . * .
7/23/98 | 3028 0723368-1230 390 ND . * . i * * *
Fr24/98 | 3I0Z8-072458-1410 543 ND - - * * - > *
Fr25/98 A028-072588-15630 671 ND . * * * . * .
Tr26/98 | 3028 072685-0620 747 . {1,53) . * . * : * .
FI2G6/08 3028-072608-1430 Fithi (1.73) * * * * . * "
7/27/98 | 3028 07237981425 580 . £1.0} . * . . b * .
TI28/95 | A02a-072858-0956 800 ND * * . » * * *
Fr20/98 An2E-072058-1115 510 ND - * * - v * v
7/a0/98 | 3028 073095-0040 580 ND * * . . * * *
TI31/95 | 3028-073196-1240 Son ND * * . - . 0.880 *

individual paramsters and concentrations as follows: 1,3, 5-TNBE 0.33; 1,3-DNB @ (0.081}; 2,4 B-TNT & ND; 2. 4-DNT @ 0.7, 28-DNT @&
012, NE £ 0.024

{ 1 = estimated value

* = Net analyzed
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The results for the off-site wells and Burgermeister Spring indicate that of the five
locations, TCE was detected in monitoring well MWS-021 at 182 pg/l and in MW3S-004 at
0.69 ngd. MWS-021 is located approximatety 170 ft to the southwest of MW-3028
{Figure 6-1). The remaining locations were reported as non-detects. No PCE was detected in the
off-site wells or in Burgermeister Spring.

From the cne-time sampling event for the observation wells, it was noted that MW-4029
exhibited a high level of TCE contamination (421 pg/l). No PCE was detected in this well.
Results from observation well MW—-4027 indicated TCE levels {4.0 ug/) less than the MCL, while
PCE was detected at 23 ugA. This well location is adjacent to the seil boring location where PCE
was detected in soil gas at 185 parts per billion by volume {ppbv) during the 1997 soil gas survey

(Ref. 27).

A graphical representation of the TCE data collected from the pumping well (MW-3028)
throughout the field effort is shown in Figure 6-2. It can be seen that TCE concentrations
decreased during Day 2 of the long-term pump test to the lowest value detected throughout the
study (370 ngfy, then increased rapidly through Day 5. At this point, concentrations declined
again, and during Days 8-10, concentrations were below the initial value detected during well
development. After 10 days of pumping, however, TCE concentrations increased to the highest
values seen throughout the study (717 pg/ly and remained well above 500 pg/l for the remainder
of the study. 1t was noted at this time “pink water” was observed during sampling of the well,
indicating a connection with monitoring well MW-2037, which exhibits high levels of TCE.
Rhodamine WT dye (which produces a pinkish tint to water) had been injected into MW-2037 on
May 8, 1998 for the performance of a tracer test.

6.3 Quality Control

Quality control samples were obtained in the form of both matrix spike/mattix dupheates
and trip blanks. Quality control data are presented in Appendix . Results from these samples
were used to assess the accuracy and precision of the reported analytical data. Accuracy is defined
by how close an analyzed value was to the true value and is usually associated with matnx spike
recoveries. A value of 100% constitutes the highest accuracy. Precision is defined as how closely
two analyzed values match each other (i.e., the repeatability of the measurements). Precision is
normally expressed as the relative percent difference (RPD). An RPD of 0% constitutes the
highest precision. RPDs are calculated for samples whose analytical concentrations are greater
than five times the detection limit.
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Matrix spike/matrix duplicate data for MW-3028 were provided for both volatile organics
and nitroaromatic compounds. Data results for volatile organics show that the percent recovery
for the matrix spike samples was reported as 80% for PCE and 95% for TCE. The matrix
duplicate sample ranges were 89% for PCE and 96% for TCE. Data results for the nitroaromatic
compounds indicate that percent recoveries ranged from 106% to 108%. All recoveries are’
within the acceptable range (+/- 30%) rem:mnended by the Enwmnmema] Protection Agency's
Contract Laboratory protocol.

Relative p.ercent differences were calculated for the PCE quahty contro! data. Thcée.
calcutations showed RPDs of 7% and 17%, for the matrix duplicate and matrix spike,
respectively. These recoveries are also within an acceptable range.

Trip blanks were submitted with each shipment to provide additional quality control data.
Neither TCE nor PCE was detected in any of the trip blank samples. :
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- 7. MANAGEMENT AND DISPOSITION OF INVESTIGATION DERTVED WASTES

All waste streams generated during these activities were coordinated with representatives

from Compliance, Environmenta! Safety and Health (ES&H), and the Waste Maintenance Group
and managed in accordance with ECDY-18, Handling and Disposition of Site Generated Wastes.
The anticipated wastes generated during pumping test operations included personal protective
equipment (PPE), miscellareous trash, decontamination water, and extracted groundwater. The
PPE and miscellanecus trash were segregated and placed with other site-generated PPE or trash
and managed accordingly. Waste generated during well instaliation (soil and rock cuttings, coring
and drilling water) was managed as specified in Task | of Wark Package-510.

Based on. groundwater quality data from surrounding monitoring wells, the water
extracted from the pumping well and the obsetvation wells was considered hazardous waste. In
‘accordance with 40 CFR 261 Subpart B, waste exceeding the toxic characteristic leaching
procedure (TCLP) level for tnch]aroethylene (T CE} of 0.5 mg/l are hazardous waste and must be
managed and treazed accordingly.,

_ Durmg well development, the extracted gmundwater was pumped into Sﬁ-gallun drums

placed in a metal tub for secondary containment. Approximately 1,000 gal of wastewater was .

generated during development of the pumping well and surrcunding observation wells. This

~water was transferred to a 1,000-gal portable tanker and transported to Pad 4 at the Chemical
Stabilization and Solidification (CSS) Pilot Scale Facility. The TCE was removed using activated

carbon aind Subsequentiy transferred t{:- the raffinate pits to rermove excess nitrate concentrations.

In antlclpatmn of potentially large ﬂow rates from the pumping well, two 4-m_.1 yd boxes,
‘each holding approximately 3,000 Ib. of activated carbon, were placed at the temporary storage
area (TSA) as in-line treatment for TCE {Figure 3-1). The treated water was discharged to the
TSA surface impoundment for further treatment. Box A was used during the higher pumping rate
step-drawdown test, but was not needed for the long-term test due to the lower pumping rates.
Post-treatment TCE concentrations were all non-detect at a detection Iimit of 1 pgfl.

Approximately 280,000 gal of TCE-contaminated water were extracted dunng the
pumping tests and treated via carbon adsorption in Treatment Box B (Figure 3-1). - Assuming an
average TCE concentration in groundwater of 500 ug/l, the mass of 1.20 1b of TCE was removed
from the aquifer thmugh treatment. This value was calculated as follows:

3791 500 yg ICE 1.7h

279,723 gal H .
T O X T Y e 10 g

=120 bs FCE
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The metal tub used as secondary containment was decontaminated and returmed to
storage. All water used for decontamination (i.¢., water used to decontaminate the static water
level (SWL} indicator or other small tools) or resuliing from sampling activities was placed in
5-gal containers located at both sample ports. . This water and any water remaining in the
discharge line was managed as a hazardous waste, placed in 55-gal containers and taken to the
C58S pilot scale facility for treatment. When the tests and area cleanup were completed, the 33-gal
containers were decontaminatéd in accordance with ECDI-10 - Conmtainer Management
Instruciion and taken to Building 434 for safe compaction or decontaminaticn and reuse.
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8. SUMMARY AND CONCLUSIONS
8.1 Summary

Driiling, well installation, and aquifer testing were conducted in the trichloroethene {TCE)
-impacted area south of the raffinate pits ffom May 18, 1998, through August 31, 1998. A large
diameter pumping well and four smaller observation wells were drilled, installed, and developed
during this time period. A series of aquifer tests was then pefformed in- the putnping well to reach
the following objectives: : o .

+ Determine the'aquifer respﬂnses' to groundwater withdrawal in the area of TCE
* contamination. No previous sjata of th:s t;-,r]}e existed for this part of the site.

¢ Provide data such a8 aquifer parameters which are requued tt} evaluate pﬂtent:lal'
: g:rnundwater remediation teclunques

. {}btam groundwater samples. to further delineate the d:smbutmn of TCE in
g:ruundwater :

The obja:ctives for the program were accomplished. Agquifer characteristics obtained from
the pumping tests will allow an evaluation of the practicality and eﬁ‘ectweness of techniques
. considered for remediation of TCE in groundwater.

8.2 Cunclusiuus '

A better understanding of the hydregéologic framewerk in the TCE-impact area was
 attained during the drilling and well instatlation. It is evident that the stratigraphy and structure of
the weathered Burlington Keokuk Limestone have significant influence on the permeability and
direction of groundwater flow in the shallow aquifer beneath the chemical plant. .

'$.2.1 Hydrogeologic Data Anialysis

In generat, the results of the hydrogeotogic data analysis were in agreement with previous
testing results and the hydrogeologic conceptual model of the site. Speclﬁ—:: conclusions from the
h}rdmgeu]ng;lc data analysis are:

» Inthe area of TCE lmpact, a relatively thick sequence of strongly weathered limestone
bedrock is present. Most of the westhered Burlington-Keokuk unit thickness' is
composed of the stmng]y weathered subunit.
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In the vicinity of the pumping well, a bedrock low can be identified, with the lowest
elevation centered around MWS-21. This paleochannel feature has a north-south

‘orientation.

Fracture frequencies and orientations in the weathered Bur]jngton-Kaokuk Litriest-:_:-ne,
including the strongly weathered unit, were consistent with previous studies.

The results from the hydraulic conductivity test.ing. followed trends noted from -
previous packer testing at the site, such as decreasing permeability with depth and the
highest permeability exhibited in the strongly weathered unit of the Burlington-Keckuk
Limestone. '

8.2.2 Aquifer Test Analysis

The general conclusion from the pumping test is that the shallow aquifer in the area of
TCE impact is more transmissive than previously suggested. Specific conclusions based on the

- aq_uif'er test results are:

The relative high abserved barometric efficiency (approximately 50%) is an indication
that the shallow bedrock aquifer is semi-confined du¢ to low vertical hydraulic
conductivity. :

The shallow aquifer at the test location is considerably more transmissive than at
previously tested locations. ~ Transmissivity estimates ranging from 6,400 gpd/fi to
7,600 gpd/ft were determined from the step-drawdown test. Previous aguifer tests
estimated transmissivity values ranging from 2.9 gpd/ft to 9.1 gpd/ft. '

The data collected from the constant rate aquifer test revealed iwo boundary

conditions in the area of TCE impact. First, the aguifer response to pumping over the
longer period of constant discharge is not characteristic of radial flow. Second, a
vertical boundary controlled by the decrease in the hydraulic conductivity with depth
results in dewatering of the conduit system below a specified depth.

Based on the pattern of drawdown during the constant rate test, the bulk of the
transmissivity in the formation adjacent to the pumping well is provided by the intervat
from the water table to the depth of approximately 43 ft below the ground surface. A
1-ft solution void was encountered in this interval during installation of the pumping
well. '
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Groundwater flow to the test well during the 1B-day test appeared to be parallel,
rather than redial. Radial flow equations do not accurately describe the aquifer
response ta pumpmg E '

The ﬂbserved aquar behavior is consistent with the. hydmgeolngm ccnceptua] model
comprised of a low transmissivity ltmestone aquifer with supetimposed conduit flow.
The current conceptual moedel is analogous to the permeable fractured dike analytical

. model of Boonstra and Boehmer. Their model predicts a linear log-drawdown versus

log-time retationship, as was observed during the aquifer tests.

" The direction of the maximum drawdown observed during the test was approximately
cotncident with the north- south Gnmtatmn of the badrock lcw in the vicinity of the
pumping well

Hydraulic capture over a 1arge portion of the TCE cnntannnatad aqulfcr resulted from
. pumping at a single lo¢ation.

Incomplete water level recovery occurred from the jong-term test, Failure to
completely recover is characteristic of an aguifer of limited extent and with limited
recharge when pumpitig significantly lowers the static water level. The possibility of
semi-permanently dewatering the shallow aquifer in the vicinity of the test site poses a
potential obstacle to fong-term continucus pumping.

The sustainable pumping rate is less than 10.7 gpm but camnot be quantlﬁad without
. further long-term testmg

Desprte likely Exceedmg the sustamable yield, a.ppmxlmateiy 280,000 gal of TCE-
contaminated water were extracted from the shallow aquifer. This amounts t0 the
removal of 1.2 Ib of TCE assuming an average concentration of 500 pig/l.

8.2.3 Grum_ldwater Quality

Volatile organic samples were collected to identify trends in corcentrations as a result of

groundwater extraction. Specific conclusions of these analyses are:

+ A baseline value of 420 pg/l was established in the pumping well prior to starting the

aquifer tests. During the testing, TCE values ranges from 370 nglto 717 pgr’l at this
lcrr.‘.atmn
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» PCE was detected in the pumping well during the single well pump test at 21 ;.l.gﬂ the
remaining samples were primarily non-detects.

+ TCE concentrations in the pumping well increased to greater than 600 pg/l by Day 5
of pumping and then decreased and stabilized near the baseline level of 420 pgfl. After
10 days of pumping, TCE concentrations increased to the highest values seen
throughout the study (717 pgf) and then stabilized at Jevels greater than 500 pgl. It
was noted at Day 10 that Rhodaming WT dye was observed in the pumping wells.
This dye was injected May 8, 1998, in MW-2037, which exhibits some of the highest '
TCE concentrations.

e TCE was detecied in MWS-21 and MWS-4 during the testing period, but TCE was
" not detected in Burgermeister Spring. Nc- PCE was detected in the off-site wells or in
Burgermeister Spring.

¢ Quality control data for the sampling events were wtthm the acc:eptablc Tanges
recommended by EPA protocol

8.2.4 Management and Disposition of Investigation Derived Wastes

Waste streams -generated dﬁring these activities were handled and managed in accordance
with the appropriate standard operating precedures identified in the testing plan {Ref. 2}. Spemﬁc
conchisions from the maxmgement of these wastes are:

o Extracted water generated during this study was assumed to be categorized as a
hazardous material {40 CFR 261, Subpart B) based on previous groundwater quality
daia. During most of the testing, TCE concentrations were greater than 500 ug/l.

» - Extracted water was treated to remove TCE through the use of activated carbon,
Post-treatment TCE concentrations were all less than the detection limit of 1 ug/l

8.3 Discussion

The general conclusion from the pumping tests is that groundwiter can be extracted from
the portion of the aquifer exhibiting TCE contamination using conventional wells, However,
during the pumping test approximately 280,000 galions of water was removed during the long-
term test resulting in the removal of 1.2 Ib of TCE from the shallow aquifer. Removal of any

- TCE, while encouraging, does not necessarily indicate that groundwater extraction would be

effective as a means of accelerating cleanup.
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At the U.S. Departmem of Energy site at Qak Rldge Tennessee, for example, it was
concluded that remediation of a doubly porous, fractured limestone and shale aquifer by natural
flushing would be nearly as rapid as active remediation thrc-ugh groundwater extraction, because
of the rate-limiting effects of matrix diffusion from the primary pore spaces (Ref 28). However,
the development of karst conduit flow is considered an indication of the absence of primary
porosity (Ref. 29). Tomasko.(Ref. 30} determined that the shaliow aquifer at the chemical plant
can be simulated as a fracture dominated, single porosity system, although diffusion-limited mass
transfer from the. low-permeability limestone into the conduit system poses an analogous problem
to that of contaminant removal in a-double porosity agaifer.

_ ‘Wolfe, et al. (Ref 29) provides a comprehensive discussion of the occurrence, fate, and

‘transport of dense nonagqueous phase hiquids, such as TCE, in a variety of karst setting, including

- discussions of contaminant removal in double porosity aqufers Factors listed as controlling the

residence time of the chicrinated solvents released into karst aquifers include its location relative

. to the water table and degree of hydraulic connection between areas of solvent accumulation and
karst ccmdl.ut systems, :

Of addmnnal 1mpm1ance is the' dewatenng of the shallow aquifer in the area of TCE
impact that occurs under continucus groundwater extraction. Forty-two days after completion of
the pumping portion of the test, complete recovery of the aquifer had not occurred. This behavior
could be considered to be consistent with the conceptual model for the shallow aquifer at the
chemical plant that consists of superimposed conduit flow on a diffuse flow system. Likely, the
previous pumping tests performed: at the chemical plant did not intersect these bedrock lows
where preferential flow occurs and are representative of the lower transmissivity limestone. The
pumping tests outlined in this report were explicitly performed in the area of preferential flow to
determine the aquifer characteristics of the more transmissive bedrock lows.
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ES&H 4.48 Monitoring Well Installation and Developmeny

ECDI-3 - Hazardous Material/Sample Transportation Activity Upemﬂans
ECDI-10 Container Meanagement Instruction

ECDI-18 Handling and Dmpmmm of Site Generated Wasres
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30— =5 —1~. TepotAotk Ozt . % -
=1 : ) i - ATt Eﬁecovery in Ryr |. Recowesed core is Chert % i
1 pieces and chest weid il gravel. Crers s moftlad =
1 v ¥ M weite (N3] to hght gray | (MT)] with Fedx szaining, x i ]
Fsh-1 E o e wery hard, mod. woathared, 1a55018rcUs, 50me - g
45" L¥wr £l3y. * Z i
II] "';?-." I l ﬁ?ﬂ Eentor <8 7| o
35 — : Feusts| Sl ¥
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FOLE NURRER _
WELDON SPRING SITE REMEDIAL ACTION PROJECT - . _ MW-3029

BOREHOLE AND WELL COMPLETION LOG - Srm—

. 1042123.3
) LOCATION ) " [E+H -

ACTIVE - . 47 11, west of MH=3028 : : FLA23136

Z 2 | z

Epl=Z 2132 Z WELL DIAGRAM S
golulcio|Es = e
ZE|28| 5] F |32 E =3
EZ|(wWa| w == = DESCRIPTION AMD REMARES = wm

= =

i ciE @ o u

2 Ttal recasery i RUm 2. Chert as abave. H -
F  Possible woeds from 36,7'-37.7 and 3R.0-38.2" : L

1.2 ft af recovery 1n Run 3. aApproximatery B ttof
WEBLhE{ B CHEEL 85 Abowe Witk the remainder
Argilaceous Lmestane and Chert (50534,
precclated logether. Limestane is dark yellowsh
orarge, [IDYRESE] vary ting grained, mod. ta highly
wagthered, modergte porgsity, moderately hare,
necdsianal vugs ta 1", Mh0x specks presant,

A 2-435 wery soft drilling, possible v,

L Core loss 43.53-46. It
— SCrEen
) : & 10 Slot) Screen
- Sch 40 Pyl
>
- z
ag,1 - 57.0° AHGILLACCUUS LIMESTOME [553‘.] znd 5
= Chert [35% interbedded and brecciatad tagatnar.
Limdstorne iz dark vellgwsh granga (I0TRGE] fo
— Qrayish orange {IO¥RT/L very fine grained, very
thin beedded and brece=tes, mad, to hignly
- weathered weth vugs pirpo.nt ae 27, med. hard to
hard lacalzed siy pofows zooes to 742"
" AbToughout. 172" wug B G277 with secondary calclie :
ciysials, lgrge (270 eavity B 547 with sagondary i |
[ heraltesimonite, and calcite wug nilirg at 54.2° : 1
Chertus wery hant gray [MB) to grayish orange Lo .
- [ISYRT/4). vary hard, sligntly te reod, weathered, il F::Iéﬁé%aéﬁma -

tosslkteraus, brecclated (some Fnqular pieces] as
nodulessbeds to 2", M0y streaks [fractyre filling)
common. Usergll, poresity 15 maderate and gradiaily
intraasing with depth Lte hignl. E N
57.0 - 60.0° SILTY DOLOMITIC LIMESTONE [TO¥. ' :
- &nd CHERT 130%], gravish erange DOYRTAA] to * Lentral-zer ™
yellowlzh gray [SFB/I), HIGH porosity, very vuggy
= a&nd solutioned [pinpoint to 1°), witn akyndant
secandary calcite and limenite, ve-y breccistec

Igteem cap——  1-

80— i delaméitic [delayed HCL reaction) predominantly . :
' : highly weathered [bone marrgw-texture), Thert s ,-HAJr' ¥
= = ' &5 aooue, euhedral calcite crysials, asccaslona® clay = Tcral wel! Ceptn e
4 Tilsng in fracts j’\lugs, Mndx specks in limesrona, ! . 5.0 1eat. - o

Tolak cored I:IEDH‘I BO.0°. Reamed hode te B 10 BLO
and installed 2" observation wel.

 Hote: Seil eoler 15 indgxed pn the Muheelr soil aalor
chart. Aok color 19 from the B5A rock colgr chart.

65—. . = Mo packer testing performed in the horengle.

- i i h
=] s

W =ample tnteval  [F ko Sampla “zken Ymnimum ¥rawmen Iaveragg'




BOREHOLE DIAGRAM

Page fai

Elev
MEL

RAD

B4 fr=n

Ll Ly

635

LTty

Bz 5=

2=

ClF=—

Gi0—

Gi8—

58—

SH0—

MW--3028

TOC: 663.48

= g 1]
553 +IF [+

ratigraphic Unit

Hydr ul_ugia:

wspisaeEl =

Frotective

Rocy F Casing wth

=T
1] ]

Locking Cowar.
cement. Pag

3 1t Olameter

Four Froteceive Fosls

RN

TopsolfLotss

ENN DT

)
-"u\-*'\- ~

s

——wel Casing
' Bth. 42 PVL]

B R o W,k
AU

=7 25" Glameter
2arehole

A,
AR

S
RS

V

—Hrph—-Sallds Bentonite
Grout ["Grout—wel™

e T
PRERE

e

Depth 2

- m B0 80 40 2 ﬁ s
-5 Cw
S
25 o
L o
-30 s
[35 1
S 9
o
._45 25 9

F g
=50 . [

. b SR
55 SR

B [ DR
:_BG ....... I mﬁ

A

b

B
:;.::;.::;.:ﬂW//W//ﬁW/m T

o .’-ﬁﬁﬁy

£
. B [3/8" Bentonita

INT K Penets|

{513.8)

w51
(snol [

Centralizer

[T ¥

T a—"

Tl een
2" 110 Slol. Screer
Sah 40 PWE

» Fliterpachk
110720 Sillca Sand)

THIINIININIaNrHIIIT™

- Ceriraizer

“Botiom Cap

sS85
15910}

igllvy

(588,51

well Testing Pasylt.
KM CRSE L e
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WELDON SPRING SITE REMEDIAL ACTION PROUJECT . MW-4027
BOREHOLE AND WELL COMPLETION LOG S
- . ] : ¥ ) 1041958, 5
. LOCATION ERET T
ACTIVE - army Side Fence Corngr New TSA 5342125
CTOR b - TOE ELEVATION .
GEOTECHHOLOGY IWC : LME BSO, HSA/NOWL CORE /SCHAAMM AIR ROT. EAT, T
. AHELE FRON HERT. EROUND ELEYATION
3 5/4" Buger te P75 VErtical EE_ 585 B44.74
. DEFTH, ~ i, EEINRCR ETICKOP
WATER/A1R 2" Schedule 40 PVE b® o5 .
) ) : E§ AYOR CORDUCTIVITY (en/Rec)
5-26-1987 §-3—1008 BE Y ¥ K= 17E-4d
= : z .. CITHGLDET BT WUl PaT — - _ ~
= (wEglzEl e} =g, PAUL PATEHIN, z WELL DIAGRAM =
[l TR | = LTV © [ i | . =
wl |E|LS|E8| 5| |3 N b =&
Al il ] peip % E E JESCRIPTIGN AND REMARKS = || tp— IE
Sk I bt L': : ! -
fr o Fil. TOPSOIL/LDESS, vEry dark grayish brawn Protects
g — L (IDYE3/2), maist, roots, organics, Fro D?sﬁ; ,:i'tan 1
= - - ¥!| Lorking Cover. b i
7] [#]CH  SILTY CLaY, mottied trownish yelow 10 yr 673, Cement Faa ’
. K] | weth mingr gt gray INFL high plastcity, moisd, 3 ft Diareter. - i
L =eft, necasangl Fe bisty, CH, Foyr Pratective Fozts
i 7 i J
. L =
b ] ‘ff;‘ — D Wall Casing il
: e A [E" Scho 40 PYC: 4
_ ! ‘) - )
- i ; f//f | A
- o] GL | SILTY CLAY wilh SAND, strorg Grown |7.5 91 476, .
//-/ 10% fihe sand, 0% gravel firg to 2, maist, soft (o
- s = tirm, gravel is. primarily chert but same gneoys, Mo h
: s Etieaks ard FEDx bIEDs, medium plasticity, CL.- _—
A0 i s — , 7.25" ClamBter ————— -
: // ] 2orehole
- A = . H 3
7 : .
N . I,cf’.r/ B i -
- 1 L {
//' 7 : 4
n [+ o A - .
5 = P ) 20—
15— [ // - g -igh—-Sanrds Be4tohite—
ra Zravt UGroyt-wa:”) .
— . - :
//-/ J
- o L
ERd
i H "{'/f - I . A
');‘"? Harder driling lgravel and cabbles) at 18.0°, :
T e a SILTY CLAY with SAND, colar change ta feddish -
2[}—2 : //'{" b browh I8YR4&/74), monsistancy is fvm to shiff, 525
? - // dacragase in sangd gand grasel, medum plasticty, CL. : A
K 0T i
4 //.{e L -
3 I i
i % GRWETEAT&EEI&EWMT NO7A5/B), morst, 1
4 & »f b= medium be bags pla sticity, ircrease inogravel. - b
25 ¢ o+ £ #20
iy Eﬁ T Seil ab end 6! ket B wWas wet. ’
-é 'f Auger Refussl at 27.8° [Top ot Bedrotk]. Switeh to ’
] Shet |~ MAWL coring. . FANE T
HE4" - Co7E Lots far all but 2 of the First ron.. Recovered
. . = eore s FRACTURED CHERT, gkt gray, haed, Seal ]
- - weatherad, With FeQs stain. loss Tof 3l out 3" g1 [3/8° Bentcnite 15
30 L—  tre dirst run : Pellats) -
] . ﬁ ]
= - o
; - o
1| B 1@
- . o "-I o E ;
. - = 6" Dianeter Berenole—se"| = ]
35 RuN-2 [ a : o AT —
Pl | .
) y i

M samae interval [ mo Sample Taken

rnmen ¥aadmum  Faverage



MW-4027
SHEET = OF 2

RRTETT 0 11056 50

[ERETI: 763421.25

WELDON SPRING SITE REMEDIAL ACTION PROJECT
BOREHOLE AND WELL COMPLETION LOG

Tz, COrRTION
army Side Fence Cormer Med T5A

MEHLOG

ACTIVE

WELL DIAGRAM

My InEer
PERCEMT
chass

DEFTH
feet
B Aemcovary

SAMPLE /RLIN

DESCRIFTION AND REMARKS

N# ar RED

S01L/ACCK

ELEVAT[ON
feei

L
—
o
=
=
i

STRAT. UNMIT

L GRAPHIC LOG

Soreen

- 35.E - 36.3 CHERT RUBBLE, light gray [NT), wery 2' 10 Siet] Sueege
:\ hard, shghtly weathered, Tossiierays. Sch 40 FVC

38.3 - 455 CHERT [B5%) #nd ARGLLLACENRS -
L LIMESTOME [38%!, interbedded forecoiated
tegetker, Chert iz orimarily grayish orange !
L DYRTAA] but accasionally wery light gray [MEI,
vEry hard, veghly breceestad from 38.3°-38.5°

= - shghtly weatnered, with abundant fassils anc
microfractures with Mns keakng. Limestone is silty,
- dark yellawish arange NOYRESS], spdarately hard,
nighly weakhered, yuggy (pinpont te 3], thinaly

- nedded, anuhdant FEDw with very soit, silty oeds
[ecéasonaly sa 2.

Filterpank—————%

10,20 Silica Sarc,

Fib-1 lﬁ:

PIN-4

Cents Bilzgr — il

16/d2

MbksW

UL T R M

———

Battem Cap

Fared”

Y

M= wery hard 45.3'-46.0' i

TR

L A8.5 - 49.5 S1LTY LIMESTOMNE With MINGA CHERT
[#3%), 35 nadulas and interbeds. Limastone is wery
L silty ARG porous, coler @5 abave, thin bedded, with

LEVEET

—i
E

3 Qiarreter Coreholp—=
conspituous MhOx specks throughout, hard, mad. .
L. weathered. Crark s light gray a3 nodules. very
kasd, slightly mesthered .

DL

m3 . 4E5 - 555 SILTY LIMESTONE/CALCARCOUS
BILTSTOME with with BRECCTATED CHERT [ZD%I,

| Limestone hes amast no HOL reackan (s content]
= patlamish gray (5Y7/2) to sgnt olive gray

L (575/2). Extremely porous witn wuggy “Dong
marraw” LExtyre, vuss to 172" with drusy quartz

L tiling, aburdant clay or: tractures moderate to
highly weatherzd. Chert is very hgnt oray [MA], .
- Breccated moderalely weathgred, very nard. _ost
clreulgtior S0.2 then regained at 50097,

el

MM

bk

Jrill cutbings

PR

i
=
&
C‘._

|

5 4 - 595 ARGLLLACECLS LIMEST OME wWith some
CHERT [15%), Imestong is yellpwisn gray (5¥7/2] ta
. yEy lIgnt gray (KB, slightly Wweathereq, some
zomes of mara =ilk, Fela staln, and breceiation, With
. erert drom 57.2'-5B.0" and §B.2°-53.5, kard to very
raid, styladtc, 1ossildercus, thin te rediup beddes
.  Chert is as anove in beds 12 5" and mmor dvided
witm {iNEstonE.

PN

SR SR TR FAPA SN SR R PR EA >

r

—L=  Tatal Wen Deptn

' Hole: pased on MW-302B, contac: with ynweathgrac ,fllr ! 59.5 feet.

Byrlington Keokuk Limeslone gstimated ar G0

Total Corad Depth 595" Aeamed hole to &' bo 432
and installed 2 obsérvation mell

i

Make! Soml coler (5 indeaad ar $he Muncell soil co'ar
65_ ! | chart. Aoch caledis f-om the G54 rock cosar chari.

H : TORSTANT HESD SIMGLE FACKER TEST RESULT = .
20.0-295 fi. 4=1.TE-4 CMfseC : E

39.0-48,5 1t #=1.IE-4 cmisec | .

48,0-50,5 11. K=3.4E-& cmizec

54 -

I Sampl= Trterval

O No senple Taken  Fmomum  ¥masinue  Taverage



BOREHOLE DIAGRAM

St5=

MN-4027

Pa'gefufll :

®

54.5 feat.

o
(=] .
. EE"" DB‘Dth E ) . + g TOC: B4T.TT' H'}‘drnlﬂglc
MSLIBGS = R _ : Stratigra ohie Unit L] LIl GS#4a7L —Tgsting
ST EREE I T v S ]
F ' N 5 R VI, QR g =' ]
B : L .= z x h -
B e Oy T !
5-49—'_5 : aty ,/-/_ § RN g::;rnF!ra:rntit:tiwe Posts : N
I ] § e Casing 1
- : 75 i § - 12" Sch. 40 PYVCI : .
H A H =
L. : £ - . ; -
G35 ID //-af‘ § e 7 25" DiaMEker -
- /_) : § Haorenala -
L : ] . :
: y, \ : -
L ; ¥ B : .
: b \ :
L : e . . _ : 4
8301k | et //2 § N —H:gn—5olids Bentonite i -
L : L b § Grout |"Grout=well™) : :i
» i 2 . \ '
; 40
N ,/. N X i
PV ks ]
5251 9() ,;. | § -
N : E L] \ i
: i ey \
_ : : 210 : \ - .
se1-05 | : oo y § N s
N 5 : Y & 1
1 20 : S 2 B : d
K : ca —— 20.0tbeq] .
i 30 [: {52,3;5 . F! iﬁfﬁ;?g nforete _
| . i agg' {1 |
i g : B2 | 31 _ =
: B o . ' 2= .
ﬁ“.'D—-_35 | = r'—ﬁ Dlameter Borehole i} :Eﬁ'ﬂuﬁﬂ;};
- . xE - =
: [ 10 9 ok = LE'S'l':rEEl:lrlSIu::nt] Scraan E%
: = Sen ad PYC mh .
i A iltar S -
s = (20 Sl Sand: o 354 fseg]
= ee——Cantral zer £
(602 Ao §~—Bottom Cap .
4324 T ] | packer Test:
530 aos) - ':, : L ket 301074 e/
2..: =" [ligmeter Catebge - L
sos|_ ' ':,a . :132%&5&1
A 4 i
Mo I{IH
- ——DOrsl cuk:ings :
- I Packer Test:
50— : S Km3.4ul0Bemss
< :
A 3 :
5—" ~—Tatal we'l Depih E—w.s lendi

.|-11|lil:j||||||||||||||||||||

minimys

Yoacmun  Faverage



AT TTREE

i 5] | .
WELDON SPRING SITE E-‘EMEDIAL ACTION PROJECT : MW—-4028
BOREHOLE AND WELL COMPLETION LOG S —
g 104207169
TH LOCATION 'EAST 14T
ACTIVE : _ 37 11 southwest of MH~3028 - 75324508
L ] & oL ELEVATION )
GEQTECHMOLOGY INC : CHME BS0, HSA/NDWL CORE/SCHRAMM AIF ROT. : §50.35
E HEThOO RRGLE FRW FORIZONTAL & BEARINE[ z ., PGTTON OF HOLE (70T BHOUHD ELEVATION A
T 4" Auger to 255 {hem 6' A Vertical E- 580 B4s.7)
DRI L ﬂuié & ADOITIVES ['CAEIRG TTPE, DEFTH, S12E _EEM:I{ BTICKUR -
WATER/AIR 2" Sehedule 40 PNC 8.0 : 364
COATE START [ HATE FINIEH Eg “WETER LEVELS & DATES | AYL COMDUCTIVITY Tom/fsecl |
G-20-1998 T-02-1208 k= Mo test
= o L BY = =
I I I = = A = PAUL FATCHIN = WELL DIABRAM =
=l vy R R T : - =8
& v j=;0E E | 5 T -:g = oo
g aissme Ly |50 DESTRIFTION AND REMARKS a O
heTles| 2| 2 (R = o
{ i . o iy}
TE I ] Torsa TOFSOIL, tclayey sl wery dark grayish browe T ‘protective I R
- 1 1 - 125y 372], low plasticity, slighily moest, M4 L | Casing with :
] /4 ' Lochking Sover. 15—
- 224 Cement Fad 4
. TL L SI_TT CLAY. dark wyellowish brown (KIYA4/4)16n to 2 *t DIame ter .

M Frost
moc. plasticity, i, FeOs biebs, CL Four Fratective Fosts B

SILTY CLAY, @9 dbove Byt increazad Dlﬂstlclt‘_f
L [moderate bta hignl, with miror gray mattling and
Fedu blebs, mikes very cogrse sand parkiclas in the
I clay, CL ’

Tnpml.n"ILueu—l

L ' ) Well Casing--
12" Sek. L0 PYC]

SILTY CLAY @35 above, but less plasiizity and ra
maktling, slight increas of sand wWith ceptk, fisr, CL

- - TFE' Oiamelgr——=
Borehole 4
15— , oL SaninT, STV, TLAV, aive bromn 12.51474), i
i ) L increased plasticity, g+avel lechen) pieces [C'“é]. '
i y to 354", EL .=, E 30—
T [ B.C frocalar changes to dark yellowsh Erowr
[127R47a). ]

= High—=eld5 Benkcite—
’ : Growl Grock—Wel']

RO TR

| Il | | N
- =&y | Grevel increasing Y § i
= B ] o § 4
. Auger refuzg at 255 Ft. Jriler Indicates top o % \ 1
: roch a1 L
20— EIA \
N ; dac [~ JepafRock a0 R - ) \ ) i
4 qerel Mo samplhg 26.0 - 218 .
-1 3 10 - : : -
P 28.5 = 26.7 CHERT il :
: : £RT GRAVEL, nighly Wweatkeres, while i
gp'\FM$ﬂ@ﬁjﬁ1_____________+___J/‘ _
30 : rt] 7287 - 2B.F LIMESTONE, shehrly argllacesus, with x| seal : .
[s1.33 megr chert |P0%] as nodules. Lemestone |5 grayish B {378 Bertcnite
| orange [IYRFral, shgntly mettled to 297 tne 8| wliers) I .

skrupTly changas o yellowish [EYES, cverall 1= .

th:n CEGCED. vEry dBNSE, VEry hard, wary | Ei1S—

E Chet| b tossl-terous, 5I-ghﬂ\_.' o moderately weathered, vary ,f'_ -
||

Ly tlesely Tractured.

Rt | G P \ 208 %22 CORE 0SS (moporicatel _ | %Y B
‘ ! 4748 322 - 337 CHERT, lignt gray (NT] to gravish i
35 arange (DYRTY4: thin-beddea or breceiated to L e

rodiar, Foderataly Weathered hard 1o very hard, !

M szmole Irterval O He Sample Tacer ?mlrﬂmu-'n Yagoeun  Faverage
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65

75+

WELDON SPRING SITE REMEDIAL A_I:TID_N PROJECT
- BOREHOLE AND WELL COMPLETION LOG

ACTIVE

FOLE HUREEN
MW-4028

SHEET 2 OF 2

"RORTH 7T -

1042071,

MWEWLOG-C

COCATION

| ERBTTAT:

Th3288.0

FERCENT

SAMPLE /RN
Humbier
B Recovery

N# or RO

SOILRQCK
Class

32 f1. couthwesi of MH-30728

OESCRIFTION AMD REMARKS

STRAT. UNIT

WELL O} AGRAM

ELEVATION
leel

41

Tl

| sRaenic LoG

E

extremely close Mactore spacing [Tubbiized!
=  abundant light green citay lilling In brecclated

35 3m
J

.aregas, aoynaant Fele stalning In clay and
—\ fraciures, vugoy.

B 12 T4 of recavery in Hun i Approximace Interyal ci
o 385 - 3772 15 CHERT GRAYEL, [vold ik, wery
wUQQy, Mod. to Fughly wegthered white. [NB), welh )

ofange Fel: staimng, mingr clay,

—  3IT2 = 520 ARGILLACEDUS LIMESTONE AND
CHERT [80/40). Eimgstone is ¢ark yedowish orange
o [10YRA/8E, very tho-bedded forecciated chart,
mod. hard, tg spft lin fighty weatheres zonesl,

- wery fine gralned. mod. to hghly wealkesed, mod.
porosity, Bourdant Mrds specks and microfrasture
tling. Coerk sz finery drlQed ta- brecoates with the
Imestene, with ot auangl beds/nedules
BA3.2=43 5, 44.0-447 AT 4-4T7.7', and .
50.0-50.3", very paled orange NOTRSSD) Lo white
[MAY, mod. to highly weathared, clozely fractyred
with hieavy FEQ and Mrlx s1aining, very
Tostikierous. Highly weathered zone & 42.5-44.0° -
Oceasiongl wgs to 2" wikh heavy Fely,

. 53.0 - 5A.C' SILTY DOLOMITIC LIMESTOME and
L. CHERT imely dlvided ard Interbedded togetner
T [approx TSN, Limestone & graylsh orarge
- HQYRTA4r to 538" then yesowish gray [SY7T/2),
vELy fRE gegined, thin-nedded, med. ‘to highty

| westhered ta D938, With wigs and cruzy quarez and

“bahe marfow’ texture, thin mpd. weithergd,

F Lmestop2 15 dolemitic |delayed HCL reaction.k
stranger whet powdered), vugqy (pinpaint ta 1727,
HIGHLY PORQLS, mod, hard, bille to no Moo
specks, closgly-spacen fractures with Fela, Dhart

L3

_|I'. iz white [N3].brecoatess/nnedy dylded with

hmestone, With nodules ta 4", very hard, i
fossilifaraus, with aoundant reated micredracroras,
-shgn]tllg wedthered, increasing with depth [to

b,

| SEytdlte s and eatreme porosity.

Total cored depth SE.4'. Aeamed hoke to B to
L 8707 and Installed 2 observallon well

Mate; Soil color |5 sndesed on the Muncell sod coler
chart. Rech celal is from the GSA rock oelor chart:

F— Mo packar testing performgd in the porehels,

MOksw

M ' P5E.7 Color w ight ollve gray [SYS/1L also )

lﬂﬂntr’aiizﬂr

Scresn
2" [IG Slotl Screen
Sch 40 FYE

Fiiterpachk
[ID/20 Sitica Sandl

CEnLrglizgramm—————m

. : N
Bovttom Cap————"

Toral well Dzath el .
BT eet U

M0 sampie ntecval O Mo Sample Taken  deintue Fezomem  Paverage



- BOREHOLE DIAGRAM

Page [ of

Eley [Depth

HSL [BGE
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S

E.35=
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L
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el
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—40
505

o
[y

Ly
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Lo

SP5—

Lh
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530

o5
Lo

L 00

“MA-4028

TOC! 450,35

f atigraphi it | @ gq0.71

Hydrologic
Testi

J
1

1

M Frotective

1, Casing Witk

b ©Locking Cover,

S

.-d%

-

\‘
o= & .|

Cement Pad
3 M Diameter
Four Protective @osts
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WELDON SPRING SITE REMEDIAL ACTION PROJECT : MW-4028
| BOREHOLE AND WELL COMPLETION LOG. g T2
: . i g 1042175,
| WELL STATUE/COHHENTS LOEATTON : E ET X
ACTIVE - . . : W1 ft. norihwest of MW=3028 TH31294
BEGTECHNOLOGY INC - CHE 850, 154 /NAWL PORE/SCHRAMM ATR ROT. % £61.28
§ A . AL FBESUND ELEYAT 10N
7174 huger 1o 27,0 then 6 Al __ Vertical CUTEE Tean : fi48.32
. f =& " BEDROCK AYTCRLF
H.ﬂ.TERM]R _ 2" Schedule 40 PYC Bd Ta7n - _ . 2.98
' OATE FINIGH EZ WATER LEVELS & DATED. TR
T —(6— 1993 7—[15-1598 NEE u . . K= Mo lest
= s — .
. S x ) E =
: uZsl2| 28| 218, PAUL PATCHIN = WELL NIAGRAM. I
Lol TR Tl FTE =Y T = H T Lt : [ S
SLIZZERE| 5| T8 o =
Fil FEE|wD| = .z DESCRIPTION AMD REMARKS 3 (T
SE RS E 2
: b o = _ v o
- 1A1 M TQPSHIL/LUESS, (clayey st dark brown, 1o0ts, T Pratactive B !
- ‘L Fl - b organies - = [Casing with LUl LR
i 141 ,*. Laching. Ciover, B il
TATR SILTY ELAN/CLAYEY SILT, brown (7.5YRA/3), fitm, 3 Cement Pac s .
1 " ! 3 It Diamater [ )
. /J, 1 CL L _ slightly maist, low plastitiby, CLAML E e=| Four Protective Fosts R - ' gde]
v . i | = . &
i | L - A \
5_ #] - 3 + . % i
% SILTY CLAY, dark yellowish brown LIQYRA/4], = \ b b
4 L shigntly molst, mod. plasticicy, firm, trace Mhe \
// aravel, FeQx tiebs, CL/CH % T
F / o _ o zl % ' .
] B : : ' Well Casing 1\\} - oy
| 12" Sch. 42 o¥C) %
| 71 R N ]
TU / Ct 7. Calm change 1o yeliowlsh brown [UYRE/BI, L § -
o L slight incresse in fing sand. \
] 77 I I §
SILTY, SANDY CLAY, gark yelowsh brown ' \ n
- - [IDYH4I4] low to mad. plasticity, slightly moiss, \ .
mingr wery hne gravel ke Cosrse sand, Feds blehs, \ 35
. | L o : 728" nuamefer—'rk
15 i / Borenole % 3
7 T N\ 1
1
B7E : N\ :
} & ~ BI8.0° Coatse gravel _ T _ : % 1630=
= / - : High-Salids EEntuﬁitE—\ :
920 // ) Braul ("Graet=Wel'] § v
H ™ . T
7 /y/ . B210° Incrense in ioisture and ple:s.l‘il:ity. § -
) A . GRAVELLY CLAY, brown DR 47/3), molst, medium § 625
- L plasticlty, approsanately 5% 1ne gravel eo [ \
25 ] [ehert), tirm to skif, CL % ]
G| BARVELEY GLAY, Ight e browh BRYa7a) N\ ]
- - aoprax. 10-:5% chert and limestone gravel, clay 15 i \
: caarenss, bow plasticlty, sUTT, slightly sandy, CL \ =
1 @ \Jwotronzron AT :
4 . Ih{} = Mo sampling from 27.0 - 9.3 . 71—
RS- | b | 28.7 - 23.9° CHERT pieces, white (M8, to dark § .
3[} | | o L —  yeliowih orange SIDYABAA), mod. o nighly
= weathered. _*_ .
. “1 Sea.
éﬁ [ _Cofe Loss 'or soprox. 29.5 _3'3.‘3.._ _ {378 Bentor fe 1 .
308 - 336 LIMESTONE, yellowmsh gray [5YBS1), = rerers| b :
shghtly argilacaous, mikor chert [<F 51{ a5 nodules i .
e - and tcasicnaty mierhets Lo Brec o, hard to vary ;
Fb3fe] | G hard, dense, medium to coarsly crystaline, + : IR
EBS 5T Bt~ thin-bedded wheh appears to gently dip :
1 W clay . ™ 1
35 [H
. »
oy
3

M sampie [nterval O] Mo Sample Taken  Yminimom  ¥mawngm  Favarage




) TLE HOREER
WELDON SPRING SITE REMEDIAL ACTION PROJECT | _MW-4029

: S| SHEET 2 OF 2
. [HELL STAILG/CUMHENTE TBrATION - EI-EE.”}“: I., —
: ACTIVE . LB 1, northwest of MW=3028 TEHERNE
z [_.igl8lx | ; z
T = £y E;{ =R §g g WELL DIAGRAM 2
o — = T |= . — H
B2 |325|E8| 5| E (20 . DESCAIPTION AN REMARKS 2 s
RESE RS 5 o
"o o . | .
EE-} 1. at apprak. 30 degrees from horizontal, sightly ta ! 7

- | mpd. weathared, styalitie, closely spaced fratures If

With aturdent green clay Indillng, oecasianal

= . lmmonite aftes pyrite as blebs, fracture Miling, and ||'
]L frarming chert nodules. Chert is very light gray [MB)

' ercapt where stained with kmonite, very hars, .
HprEle‘ﬂiﬂEhtly‘ LB E ||

338 = 44 7 CHERT AND CLAY BRECCLA, Bpproa.

| .. 80X chert brecciated In clay matrl, Crerk is very
ight gray |MA| to dark yedokish crange [IOYATFA)
[mingr), wrequiar brecciated lextwe, lalenst no
discernatle peddingl, mpd. wWeathered, very hard.

Centr dligar———————ieh

£
e
a

MM

Clay is yellawisk gray [SYTLE, very sliff to hatd, Seresn
wary, with spme beds te 17, often Fedx=stalngd. 32" [10 Sict] Exteen
Chert has wigs [pinpeint to 37k highly weatherad Seh 40 PYC

fram 450 - 48,2". Chert as ruhble Trom .44 4 =
44.7', averall, nodules are very fossilifercus.

AAGILLACEQLUS LIMESTONE and CHERT, H
interbedded and brecocvated together (approsx. :
TAL30] Limgstone is dark yellawish arange
[IQYRE/E], very tine grained, mod  wWeathared,
thin~bedded, mog, hard, Chert as nodules and
mmor Bracciated zores, Ight gray (NT] to white
[HE), wery hard, vesy fassilifercus, With minar Mncs
in fracts. Limestone pECIMES mMore porous witk
depth ang sisghtly l2ss HCL reaction. wuggy from
A9 F-4%9. 7', gnd ather smas zones, abundarnt Mo
spEchs thioughaut.

Eiterpack
(10720 Eil-za Sand)

542 - 582" ARGILLACECLUS LIMESTONE and
CHERT, Limestang 15 very argilaceaus, hght cllve
gray (516! to grayish orange (IDVRTAA),

Cantralzer————==——is '_

T R mm— L

mederate to hagh porosity, mod.  te migesy ] i
weathared, abungant somton 42gturgs (wugs| and” Batiam Ca ] B
saoondary quatrtz Bling ["Bone marrcwW drusy : R : -
geasti] particularly at 54.2-548" and $8.0-56.2" - i
! ) Chert is brecristed and nedded, chert bed (nodwe) Total Well Deptn l=gp—
| . L% at 6T.B-8B.2°, moderaiely wedthgied, colors as ! 6.0 1eet

H ghove, same clay and highy Weatnered fram -
60— - | hsersrz. o .
Total cored deptn 58.2°. Reamed holg to 97 10
- = 5B8.0° and installed 2" gbservation weli

. L. Hots: Soir colar is Indes2d on the Myngell scil colar
chart. Ropcek catgr is from the GSA rock color chart. _ . -
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BOREHOLE DIAGRAM
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WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITORING. DE

PROTECT NAME GRIOU = Rlot Bomping Test- WORK PACKAGE NO. _5./0

DEVELOPED BY GEoTE-HMOLOSY TNC.

1.

_ . : HOHZONT, 18523 N
Well No.: el - 3028, Well Locations:. (&qﬂ. o PuT q’) 153269, 534G £

Date of.I.nstalIatic-n: 5-18-98 = i?: g8-38

Date of Development: _&-%-98

Static Water Level: Before Development _ 90-&_ ft.; At least 24 hrs, after __ _  ft.
—=ec.

QOrganic Vapor: Before development A«"f A ppm; After developmem f ppm
Quantity of water loss during drilling, if used: MiB  gal,
Qﬁant_it.}r of standing water in well and annulus before developmeant: 52 -] gal.

Depth from top of well casing to bottom of well: _&2.. 8  ft. (from Weil Installation Diagrarm)

9,  Well diameter: _&  in,

10,  Screen length: __2©.0 fi., |

1.1.  Minimum quantity of water to be removed: ¢Sk .3 gal. C5 uai'.--> |

12.  Depth to top of 's.ediment:. Before development ft.; After development ___ ft.

13.  Physical character of water (before/after development):

14,  Type and size of well development cquiprﬁmt:_@_ﬂumﬁf' Red\ Flo *’-}*1h Pomp & t'a"__sarqe
15.  Description of surge bai::hniuiu;: ﬁl+érn.ﬂ¥+'“§ cucled _of . sprae and PomB
16, - Height of well casing above ground surface: _ =- O (from Well Installation Diagram).

17.  Quantity of water removed: | gal. Time for removal; _ hr./mn.




WELDON SPBING SITE REMEDIAL ACTION PROJECT

PROJECT NAME G0 - Puist PUﬂP‘ni'T‘éf#. WORK PACKAGE NO. _ S /0

DEVELOPED BY Grcrmcnnsisasy, IRE.CHECKED BY _@_@é&&_ SHEET 2 OF _2_

..1‘..-#- S ' ' 's_':;;:H ar a2 o L I§FEEY A
@,‘a Well No.: _mud -~ 2028 Well Locattons: A,_pxa-- 4 N TE326% 65297 €
.-q-\‘-'i. . ) . . L . )
Date/ Hrs. Dev./ . Gals. Purged/ pH | Te:ﬁp. Cond, | . Remarks
Time | Cum. Hrs. Dev, | Cum. Gals. Purged | |Giee
318 | i / 15 ¢45 [70.8 [rz2.% | Lolar : TokBD
JEYE- gs [ 100 £.8% |92 4| i0.81 . :,_T;_E:_L
329 | %o [ 150 16.8ULY.3 | oue Clea-
I.g.i -y E’G-; Zad Ep'?l'!: MZ.} 1. HO '.cjm{-'.
1239 so [ 250 6.1 1678 {iozz o
||{5q3' ' O / 366 . b.710 | bl.d | 1019 N
344 sof 350 6.l (6.3 |10 35 n
41038 170 / 520 NO rimsmefars - AT
{A im-‘d.ﬂ stelole )




. ~ WELDON SPRING SITE REMEDIAL ACTION PROJECT
PROJECT NAME ' - WORK PACKAGENG. S5/ T+~1

DEVELOPED BY (S EOTEC HRNOLOEGY , TIAC .

1. Well No; - 2039 © Well Locations;. S: oF P 4

-2, Date of Installation: __ "ﬂ -2 R

3. Date of Development: _&© = 20~ &

4, Static Water Level: Before Devélnpment 4z E‘ . g,; At least 24 hrs. after _— ft.

5, Crganic Vapor: Before development ;r.pp;n; After development — ppim.
6. .‘Quantit}r of water loss during drilling, if used: ___  gal; 7

7. | Quantity of standing water in 1;.1.ne:11 and annulus before development: gal.

| . Depth from top of well casing to bottom of well; _ ©&7- S 1 (from Well Installation Diagramy}

7O &
9. Well diameter: _ & in.
10.  Sereen length: 20 fi.
1.  Minimum quantity of wafer to be removed: gal,

12.  Depth to top of sediment: Before development __- ft.; After development ___—  ft.

13.  Physical character of water (before/afier development):

14,  Type and size of well development equipmmt:j-“ grendfos pumo  amb  Furge bleck

15.  Description of surge technique: AMarnn.‘hn_q‘- Qyeles ot sorge. a3 Pumps,

o . 20 | .
16. Height of well b . TEEET, Diagram).
eight of well casing above ground surfape il ft (from ‘Well Instaliation Diagram)

17.  Quantity of water removed; . gal. Time for removal; hr./min.




"WELDON SPRING SITE REMEDIAL ACTION PROJECT - | .

PROTECT NAME DR - WORK PACKAGE NO._ S/ T
DEVELOPED BY Geevecunoloey  CHECKED BY P m SHEET "2 OF _2_
L Well No.: ”';'“’f" 3629 . -Well Locations: ¢.0F Pir _‘-E
Hrs. Dev./ |  Gals. Purged/ - pH _Temp. |- Cond. _ Remarks
Cum. Hrs. Dev, | Cum. Gals. Purged. < 100 ) '

/ 35 |[b.S6 63 .89 ;44 — SleaT
[ 40 jb.52[ea.0 |19 Clear o
[ 45 65063 T-|1iz2.15 L
] sO l6.51163.C12.17 ¥

i

_"-‘-*. /4'-‘*-_ = f - ..a7| ez |iz.27 T‘dguqb
| = 1 !D. _E‘bi"ﬁ‘ Y-o -l U By B I SPY SNES o 'C'.ﬂ“‘_'ﬂj_u'.
& /g |L.s8ley.2 [nHe. -
g 28 |ep0jed.C b5
£ [ 25 |651ev.T (1.l ¥ |
5 1 306 |65 3. 1‘_|‘3c»1 E".‘;—'ﬁ; mEaT
=3
5
=
=3

b || ] [

Lﬁﬁﬁ :




PROJECT NAME 61060 Pulot Pomping Test

~ WELDON SPRING SITE REMEDIAL ACTION PROJECT

ONITORING EVELOPMENT F

DEVELOPED BY _(Srovernaiotosy ,Emc.

1.

2.

Well No.: _mul - 4437

WORK PACKAGE NO. S0 +-1

Well Locations: _ ARy Pr-ug.

Date of In;-.tallaﬁan:

é;-f '::J 38

Date of Development: G Ji1ofag

L)

Static Water Level: Before Development _26. S ft.; At least 24 hrs, after

Quantity of water loss during drilling, if used: gal.

ft.

" QOrganic Vapor: Before development __ ~3]A ppm; Aﬁer development | ) [ .ppm-.

Quantity of standing water in well and annulus before development; _$.4  pal.

Depth from top of well casing to bottom of well: 46.

fi. (from Well Installation Diagram)

Height of well casing above ground surface: __ 2.7 _fi. {from Well Installation Diagram).’

Quantity of water removed:

gal. Time for removal:

hr./min,

9. Well diameter: __2-_ in.

10.  Screen length: /0.0 a

11, Minimum quantity of water to be removed: j6. C gal.

12. . Depth to top of sediment: Before development __—7 | ft.; After development - “— ft.

13, Phyﬂ@ character of water {before/after development} LRl e

14,  Type and size of well develoﬁment cquipment:_é-a.um’-%s i 2" fump

15.  Descrnipticn of surge technigne; a.H-gmaA-mj Cmeles a5 Su and oo
16.



- WELDON SPRING SITE REMEDIAL ACTION PROJECT

PROTECT NAME -G6woU_ Plet f’ua,smj fe

© WORK PACKAGE NO, __§/10  7-1

DEVELOPED BY Georec anotesy, we CHECKED BY ﬁ %A_. SHEET _2 OF 2

f1.) 0 Wel No.: _rmw - 4027 . Well Locations: Hamy Pn:?.
| eno98 _ L ' _ .
| Dates | Hrs. Dev./ Gals. Purged/ - | pH | Temp. | Cond. Remarks
Time | Cum. Hrs. Dev. | Cum, Gals. Purged |~ [ ( 122)
535 ' g:/ g L3 1695 |4z e ® eelor ¢ Terbid.
1e2e & }IO &.;1!'-; bq'-'r 2.%6 ‘!'ur'-'lﬂu.d b by ;:iti_q;t;;ﬂﬁ
04| = /;S L. 00 &'83 T, 84 chur:[ui
. ioqq & /'la' '5?! E:qul .84 P, C1ﬂuc{;.l .5 i:fea.r‘n:\ﬁ
iewn s [zs s84|ed.1 1249 | shohtly clody / gl
1059 Lo /30 1 &.BO (o"'}z 4;".02 ﬁ'i’aun’nf
NI 5 [3¢ 5578 63?_ 395 |  Turein / RRLETC
i85 -3 /‘{0 {568162.7T14.08 TeRB D
H2 5 [*—(5 567680 11410 clearing S TERS D
11129 s /so S 68678 |4/ | sightly cleudy
132 5 [/ss £:60/68.0 |9.14 | mestly choa o~
(s S s Jeo $68(68.014./6 g on
1129 | s Jos  |SE8167.9 (4.18 cleac
e | < [0 SEUETE |4.19 [mosty
Hd sy s (75 S oL 167 S (e JF | mostly chur Hh cheac™
1525

__1/5/90 | Mo |puvmpbrs | cleewr |

?g 5#{:;‘

- did e

wavr K



. WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITORING WELE DEVELOPMENT FORM
SO L

PROJECT NAME Pdet Pumping Test WORK PACKAGE NO. _Z /& T~

DEVELOPED BY (GECTEHMOLOEY |, TR L,

1. Well No.; €028 ' Well Locations: _S. &% B o ;/Aﬂm*-i‘ Pror.

2.-  Date of Installation: __7-2 ~78

3. Date of Development: _1- 8 -98

4. - Static Water Level: Before De'-.rglﬂpmsnt 3% 5 ft, 'AF least 24 hrs after ft.
5. Organic Vapor; Befere development - ppm; After development - ppm,
6. Quantity of water loss during drilling, if used; ______ gal.
| 7. Quantity of standing water in well and annulus before development: gal.
. Depﬁ from top of well casing to bottom of well; __5 £.5 (from Well Instaliation Diagram) |

9.  Well diameter: __ = in.

10.  Screen length: __=© 1t
11.  Minimum quantity of water to be removed: 26 gal. 3 vals, Q vol = 3.2% >

12.  Depth to top of sediment: Before development ™ ft; After development _—_  ft.

13,  Physical character of water {before/after development):

14, Type and size of well development equipment: 2" T-un.c:"--f:os @rmp s surge bleck

15.  Deseription of surge technique: ﬂ-\'i"ﬂhm‘(!"-ﬂcj cyches st 'Pumc? Q- Surg e,

16, Height of well casing above gmunﬂ surface: 2.0 f. {from Well Installatin.n Diagra.m)-.

17.  Quantity of water removed; oo —.—gal Time for removal; .0 fr./min.




WELDON SPRING SITE REMEDIAL Acnon PROJECT .
 &DO0 MQMELLQEM

"PROJECT NAME _ P lot Pueping ‘19.{- WORK PACKAGE NO. S/ & T ~)
DEVELOPED BY GWH- ' CHECKED BY. _ p%—'«— SI—IEET_LDF 2
f"‘f:""' | . 4ozR _ |
H_lf_,,- "Well No.: - -Well Lﬂcat!pns: 5, et P-.'r-- 2
ﬁ. . : . ) .
Date/ Hrs. Dev./ Gals. Purged/ pH | Temp. | Cond. g ausREMETKS
| Time | Cum. Hrs. Dev. | Cum. Gals. Purged |- _ A 5wt |
et |/ s/ |7k |n6i |w.se| reed - 22T E00
1310 [ s [1e_len1]er0]s.08 As  Akose T
13 ek f 5"/!5‘ b.N5 | 6B | 14,68 .un'r__“". conadey
33 |/ o ’/z,o_ b1 | 6.2 | proody creacing
'/ = J25  lodd 653 o [
/ s /30 1660 & 4| 1429 oo R .
| & 35 05843 Mz .
( : 5"_/-’-1"0 _ bl [t n | jusz | c{ea.ﬁ‘— - slmgh"*{;(udq |
f |- & Jd4s M |6H.b 1432 |
1320 { s [ SO e Mde (64t [ H2R sleae




- WELDON SPRING SITE REMEDIAL ACTION PROIECT

o MONITORING WELL DEVELOPMENT FORM
PROJECT NAME Fiot Purp '\_'FEE‘T_ WORK PACKAGE NO. - _S_“ﬁ —

bEVELﬂPED BY GEGTEC-HMOLJO&-P q:c:u.‘l <o

1.

.2-.

Well No.: _ 4024 o Well Locations: _%&-6F ¥ "{

Date of Installation: _& ~F-98

Date of ﬁevelnpment: &-16-28

et ' . o8 a. :
Static Water Level: Before Development = f.'té,‘ﬁt least 24 hrs. after _ ft.

Organic Vapor: Before development ____ — ppm; After developmént __ ppm,

Quantity of water loss during: dniling, if used: gal.

- Quantity of standing water in well and annulus before development: . gal

Deﬁth from top of well casing to bottom of well: 305 g {from Well Installation Diagram)

Well diameter: __ 2—  in.
10, Screen length:  2-C2 .ft.
11.  Minimum quantity of water to be removed; gal.
12,  Depth to top of sediment; Eefm;.e development _ ft.; Aﬁer development ____  fi.
13, Physical character of water (before/after development):
| 14. Type and size of well development equipmen_t: z’ Erund FOS o sui"g! e bloci¢
15.  Description of surge technique: Aber r_'\a-:'rm ng oy cles ot s AT aned po ﬂ. B |
16.  Height of well ¢asing above gréund surface: _ % 3O fi. (from Well Installation Diagram).
- . .

Quantity of water removed: gal, Time for rf:m;ﬁval: ___ hr./min.



WELDON SPRING SITE REMEDIAL ACTION PROJECT -

VE

PROJECT NAME 6000 __Plst Pimp Tesi

DEVELOPED BY (6OTECH .

MENT F
- WORK PACKAGE NO. 51O

CHECKED BY p ;%m’“_\ SHEET 2 OF 2

el

gl o '
M.L Well No.; 42249 . . _Welancatmns. 5- OF Pt ‘-I
H Date/ ‘Hrs. Dev,/ Gals. Purged/ . | pH. | Temp. | Cond. " Remarks
-4 Time | Cum. Hrs. Dev. | Cum. Gals. Purged ' | '
o1 / s /s [68.|[65F (10234 | rermin - )
- -/ < [io 66363 /097 AHA. “
- s 15 esgle>o |nng| aa - j‘,E::;,';ﬁ |
s !/'25' 6.5 il 12,96 'ﬂ'&—‘-‘dﬂ
& ;/3& o501 6121330 .
s /35 ledd |60 | 348
&[40 |oasleon]izez]
ST MST HL|L0.3 | j4 05 '
s/ 50  lpdijeod 4.2 i
_S‘“f/(o'o e .43 |eo. T | M-85 1
s Je5 |[od160.0[14 9 clearing +o cody
s /79 ®.2p0.B 1506l AA, |
| c las  B38fo.s sy A4
S r/SO o ?.3‘1‘ 60, & 1520 AHA
755 s 185 iﬁal.?a@)w,‘-l' 15.25 A, o rlear—




[ R i '
COMPLETION REPORT FOR THE FILOT PUMPING TEST FOR THE GROUNDWATER OPERABLE UNIT AT

. THE WELDON SPRING $ITE 11/8758

: APPENDIX B
. . Packer Testing Calculations
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MW.3028a (34.3" - 43.0")

Given: _
L=(43.0 - 343)ft- L=-87-# ..fest Intarval lengih
pEim2.3087 #
r :=--.2-§E-_In --Fadius of NG barghole
_ e :
vi=1.22.407% 2 . kinematic viscosity of water @ 0 ¢F
sec :

DP1 := 0.824 in Id for 3/4" schedule 40 88 pipe (Driscot, p. QT.E}

DP2 = 0.622 nLdd for 1727 pa-::_l;er pIIpE: (assume schédule 40) _ _ : .

LP1 =405/ .. 34" pipelength - - .
P2 =351 ..;1:‘2" pipe Igngfh

;e = 000014 % ... roughness far:tor}nr-naw iron pipe (Brater & Kin.g, p 6-13)

gravity head Hg, pressure head Hp, and pumping rates Q:

38.8 10 £.01

WO 2] PR £ | 0|57 | s

= . = pst . = el

"G | 3p8 P={5 |P 6.80 | min
39.8 R - |s.48

1} Calculate head loss lhruugh pipe (H p4} using Darcy-Waiéha#h equation:

Calculata veluc:.ily through packer, ¥1, and Reynolids Numbar, R1i: : 16965

. 2 . .

.. DP1 Q : . DP1:V1. iRt > 2000, flow 19532

Al =1 ... Bres W :=E .. WElOgity _ A= . is turbiient R1 = 23027

: L _ _ o ' 18591
Use Colebrook's equation 1o determine factlan factor (Brater & King, p. 8-11); .

L 2.&3.35-1'0-5 -.ralative roughness
DP1

3028a-pack.med -' - 9/0/98 - 4:54 PM _ -~ page !



ff1 =002 .. initial guess at friction factor

Given

'.|—2
ff1m|-2log : --1—+ 2.51 ]|'| .. fF for turbulent flow
DP1 3.7 mlﬁh

FRICGFRAC{R1 ,DF1) = Find{ff1} i=1. ows{Q)

1, = FRICFRAC(R‘L‘,DN) 1, = H(R1i< zuuu,-:%,ml) ..ff for laminar flow = 64/R
|

LP1 {‘“"‘l)z

YT} 2.

H LF:‘i = e Crarcy Weisbach equation

2} Galculate head loss through packer, Hypy!

Calculate velocity through packar, ¥2, and Reynolds Number, R2:

22475
2 : ; 25884
. A2 = n-DP2 .. ared W2 = E . velocity  R2 P2 vz if R2 » 2000, flow R2 =

4 v ig trbudent 30505

4
Calculate friction factor, ff2: 24628

% = 2,71 -1I!I!_3 ... refative roughness fiz := 002 .. initial gusss at fricton factor '
Givan
" g 1 25 |42
ft2m|-2 g ——+ _' \ .. for turbuient flow
\DP2 37 oo T )
FRICFRACF{RZ ,DP2) := Find[f2] i=1., rows{Q) ff2l = FRICFRACF‘{REP P2
. K
. ' : w2
ff2. = if[ R2. .« 2000 ,E-,HE . Jf for laminar Bow = 64R Hyps i= I'E' ) ... Darcy Weisbach
i 1 sz | . | OFZ 2 g .
L . .
3) Galculate Total Head, Hy:
Hr=Hg+Hp-Hp1-Hipz

' 59.42 30.8 ] 23.07 : 2.55 0.8

. WO 5 PP 2 P o PR 331 1.17

T7 79.88 G| a0 P\ 46.13 LF1™1 448 LP2= | 1.59

5878 348 23.1}? 3.02 1.06

3028a-pack.med 9988 - 4:34 PM . page ¢



COMPLETIUN REFORT FOR THE PILOT PUMPING TEST FOR THE GROUNDWATER DFERAELE LUNIT AT
THEWELDON SPRING SITE - . 11/6/98 ’ .

- APPENDIX C | |
Aquifer Testing Graphs and Ca]culatmns _ ' .

DOE/ORZ1548757, Rav. 0 : ' ' : ' _ .



4) Calculate Hydraulic Conductlvity, K (USBR 7310-89, p. 1255):

— 4.45-107
Q-Inf—| -
; - | 438410 em
€ L K = . Lm mean{K} = 4.56+10 ot
2.0L-H sec Bac
2rtHy | 4.50+10
| 4934107

0.018 | | | | _ i |

MG

0014

0.013

o2

G011

...plot of discharge (ft¥/sec} o . 449,08
versus lotat head (f) “see min

-

3028a-pack.mcd 09798 - 4:84 PM X page =2



MW-3028b (39.3' - 48.0°)

Given: _
L = {48.0 - 39.3)ft L = B.7-f ..test intervat length
psin2.3067-1t
Fi= ? b .radius of NQ borshote
. o |
v = 1.22407°—— . kinematic viscasity of water @ 60 <F

sec
DP1 = 0.824-in | il for 344" schedule A0 SS. plpa TDriscoll, 0. a78) . )
P2 = D,Eéz-In id for 172" p;ai:ker ploe {assume sc_hedule 40) _
LP1 = 41.0-t  ..3/4" pipe length 3 ) .
LF2 := 3.5;-ﬂ - ... 12 pipa length |
6 = .00014-H . rolghness factor for new iron pipe {Brater & King, p. 6-13)

gravity head Ha. pr&ssufe head Hp, and pumping rates Q.

39.8 o 10 10.06

. ..[398 'ﬂ | 15| o | 1087 gal
= . = psi - —_
G398 P20 " 12,96 | min

39.8 _ 10 1144

1) Calculate head foss through pipe (H p,) using Darcy-Weisbacﬁ equation:

Calculate vaelocity thraugh packer, V1, and Reynolds Number, R1: ' ' . 34066
. . : _ : )
DR Q _ DP1-V4 i R1 > 2000, flow 36600
A = e ... Brea | V1 = - velocity  R1:= Y is lrbulent RY= 43886
. ' ' 37723
Uise Colabrook’s equation to determins friction factor (Brater & King, p. 8-11): .
- 2038841077  _relative roughnessa
‘DP1 :

A0s8b-pack med : : . 9/9/08 - 458 PM - nags



ff1 =002 ... initial guess at frictfon factor

Given

e 1, 251 “)'2
DP1 37 "y ),

FRICFRAC{R1,DP1) := Find(iH }

M= |-2.log o fOr turbulent flow

i = 1. rows(Q}
. 84 |
i1, = FRICFRAC{R1,DP1)  fH, = if{R1< 2000, .1,
. D]

' FPRRY-
Le1 (Y1)
Hip =M e 5

... Darcy Weisbach aqguation
'op1 2.9

2) Calculate head loss through packer, Hp:

Calculate velocity through packer, W2, and Reynalds Number, R2:

Fior Iaﬁinar flow = 64/R

45129
2 . ' 48763
A2 = n- pF2 ... ATBE V2 = E ... velocity RZ = bp2-yv2 if R2 = 2000, flow RZ = )
4 AZ : v is turbulert - 581381
: . 49574
Calculate _h"rction factor, fF2:
Efﬁ = 2.701 -1I:|'-"I‘]i ... ralative roughness ff2 := 0.02 .. initial guess at friction factor
Sivan
' e 1 251 |12
fi2w{-2 log (—— + — | .. for turbubent flow
\DP2 37 o fim ) -
FRICFRACP(R2,DP2} = Find(f2) i 1.fows(Q) 2, = FRICFRACP(R2,DP2!
\ iya 12 .
LRz .
ff2. = ifi R2 « 2000 ,-Ei,ﬂ’z.\l . for famirar flow = 84/R H pg = ﬁz}-_-"*_l)_ ... Darcy. Weisbach
i i SR ,J 1 pP2 2.9 :
'3) Calculate Total Head, Hy:
Hr=Hg+Hp-Hipi-Hipz
5.1 as. 23.07 942 3.35
H 58.62 @ y 398 " H 4.6 ﬂ H 10.8 % " ) a.88 f
T7| e5.20 7] 308 P~ 4813 LP1 1 152 P27 5.44
4738 9.8 23.07 11.42 407
3028b-pack.med o988 - 4:58 PM page

e



4} Calculate I_-Ijrdrﬁuilc Eundhcﬁvity, K{USBR 7310-89, p. 1255): |

_— 1.06-10 |-
a |n(") K -
iy 9.63+10 m -5 ¢
e K= LM mean(K) = 1.08:10 =M
2-1:-.L-H T, 1.05-10.9 sec I sec
| 1.244107]
‘D02 -
G028 N
OZT I 1
0.026 -
Qi
o
Ton.D2s i
0024 -
Q.2 - ™
6,022 L ! ! I I | l )
L] 48 |14] B2 54 1] 58 ag BZ 24 1]
oy
I
..plet of discharge (ft3sac) 01 #* - 449 gal -
versus lotal head (f) e - min

~ 3028h-pack.med

B/BAIE - :4:58 PM
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MW-3028c (47.5' - 58.0°)

Gilven: _
L :='({58.0 - 47.5)-f L = 10.5:ft ..test interval fength
. psin2.3087 1t '
ri= ﬁ-in ...radhss of NG borehole
f
vi=1.2210°— .. kinematic viscosity of water @ 50 °F
10 '
DP1 = (.B24.in  ..id for 3/4" schedule 40 55 pipe (Drisceoll, p. 576}
OP2 = (1.622.in  ...id for 1/2" packer pipe (assume schedute 40)
LP1 = 51.01t ..3/4" pipa length
LP2 =35 M .12 pipa langth
g = 0.00014-ft ... roughness factor for naw iron pipe (Brater & King, p. 6-13)

gravity head Mg, pressure head Hp, and pumping rates Ch:

3p.8'] 15 ] 949 |-

30.8 25 10.46
Heg=|308 |t Hp :=| 35 [-psi Q=] 880 -i_Tr'_I

39.8 25 7.78

39,5 | 15 | 5.42 |

1) Calculate head loss through pipe {H p,) using Darcy-Waishﬁch equation:

t*alculste velocity through packer, V1, and Reynalds Number, Rt:

2 DP1.V4

L

if B1 = 2000, flow

R1 := is turtrulent

Al = ﬂ-DFT a.raa

.. veloeity

w1 :=£
Al

Use Colebrook's equation to determine friction factor (Brater & King, p. 8-11)

=3

£ - 2 0288-10Q _relatve moughness
CP1

9/9/08 - 518 PM

3028¢-pack.mod

R1 =

[ 32136 ]
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35420
20798
28345
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1 =0.02 .. intial guess at friction fastor
Givan _
e 1 251 Y2 .
filw|-2 log IRV - .1 for turbulent flow
S P37 Ry '
 FRICFRAC(R1,DP1) := Find(#1) 121, mwsm]r

1, = FRICFRAC(R1,,DP1) 1, IftRHZ‘JDO — ﬂ1]1 .. for laminar flow = B4/R
. I °

)

H-'.-F". = 1 —--+--.-m~.. ... Darcy Weisbach equation

2) Calculate head ioss through packer, H ps:

Caleiate velocity through packer, V2, and Reynolds Nﬁmber-. R . ] 425_?2 ]
. . - : 46923 .
De Q- . :
A2 =g 42 - ... BIEa W2 = % . vedocity RZ := DP2:y2 if R2 > 2000, flow R2 = 30477
_ o . : ¥ is turbelent 34604

Cakulate friction factor, 2 : . . ’ | 28800
=k 2.701 -‘_ID-B | ..relative roughress 2 = 0.02 .. initial guess at friclion faclor
Glven

. L
1 2.51 :
fI‘2-(-—2 Iug( \l) - for turbulent flow

DP2 3? R2J_

FRICFRACP(R2,DP2) = Find{fi2) i=1.rows{Q) " ffz, i= FRIGFRAG.P{HEI,DFZ)
- . _ ) |
: _ V2
fi2, = H(R2{< 2000 ',Ei,ﬁi. .. ff for laminar flow = 844R Hipz = MLP.E..(HJ-)_ ... Craroy Weisbach
! - 'Ry T k 'DP2 29 _

3) Calculate Total Head, Hy:

Hr=Hg+Hp-Hipi-Hipz _
[ 60.9 ] _ [ 39.8 ] . [348 ] : [ 10.51] [ 209 ]

81.25 308 _ 87.67 _ 12.61 3.81
H T= 108.82 ot H = A0.8 |+ft - ] H p= 80.73 |-t H LEq = 912 uft H Lp? = 2.50 pft .
88.17 _ 398 57.67 1.25 2.05
678 | | 30.8 | | 345 | | 508 | - |14

3028¢-pack.med :  9/9/98- 5:16PM page



4) Calculate Hydfau!ic Conductivity, K (USBR 7310-89, p. 1255):

T.12«10
—_—
.-#
Qi~ln(£) 5.88:10 | o
S LY K=| 260010t om mean({K} = 5.01+10
' 2L Hy ) soC sar
- 403107
| 432.107%]
0.024 r T T T T T

0.022

0.02

0.018

.08

0014
a0 ik 70 T3

..olat of discharge {ft3trec)

versus total head (ft)

3028c-pack.mcd

80 85 . Bo 85 160 105
Hr
3
f al
01 = 4.48.5
saC min
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114

page

-



MW.3028d {57.5' - 69.0")

Given: _
L= {690 - ST.5)-%  L=1t54% ..lestinterval lengtn
psin2.3067 ft - ' ' '
r= -._-'::luln "...radius of NG borehole
vi= 1.22410°7-— .. kinematic viscosity of water @ 60 oF
© sec

DP1 = 0.824-in  ..id for 3/4" schedule 40 S5 pipe {ﬁriscol_l. p. 876}

DP2 = 0.822-In  ..idfor 172" packer pipe {assuﬁ:e sc:hedi;J}e 40)

LP1 = 610K  ..34" pipé lengih | | | | . |
" LP2 = 35t 12 pips iangth. |

g = ﬂ.ﬁﬂﬂﬂ-ﬂ mughhess factor for 'r.mw iror pipa {El;atar & King, p. 5-13)

gravity head Hy, pressure head Hp, and pumgping rates O

38.7 s 0.13

H 3BT 4 H 28| ) a 0.24 gal
= |- =1 lpst - = —_—
G agy P=ls P ~lose | ein

as.7 : 20 ' 0.7

1) Calculate head loss through pipe (Hy pq} using Darcy-Waisbach_aquat[_nn:

Galculate velocity through packer, V1, and Réynulds Number, R1: . _ 440
o , | | . _
. : Q o _ DP1-¥1  IfFR1 = 2000, flow 813
.. Al'=q- ... area W1 :=E - welacity R1:= " s turbulent R1 = 1215
. . : 576
Lise Colebrock's equation to-determine friction factor {Brateor & King. p. 8-11}: .

2720388100 . relative roughness
DP1 :

3028d-pack.med _ . Dlois- 5:25PM - ' . page



fi1 =0.02 .. itial guess at friction factor

Ghvan

! y-2
im L. 2-log (,._E_L + 251 ) | ...ff for turbulent flow
’ !

FRICFRAC({R1,DP1) = Find{ff1) 1{:1. rows(Q)

g4 ) )
f'f1i t= FR{I‘.':FR..I"';IZ:|'I:R1i ,DP1) 1“F1i 1= if(R11< Eﬂﬂﬂ,m,fﬂi) L for laminar flow = B4R

.. Darcy Waishach equation

2) Calculate head loss through packer, H ps!

Calculate velocity through packer, ¥2, and Reynolds Number, R2:

2 .
A2
AZ = DF2 ... 8raa V2 = E ... velogity R2 = DP2 ifRZ = 2000, flow RZ =
: A v is turbulant
Caloutate fric_ti-::-n fartar, §2:
% = 2.?{]1-10-3 .. ralative ragghness fiz = 0.02 .. initial guess ak friction factor
2] - .
Ghren )
e 1 251 |\ '
ﬂZ-(-Z B | e e o F for turbulent flow
knpz 37" Rz.!_
FRIGFRACP(R2,DP2} := Find(#f2} i=1.rows{Q) ff2, = FRlCFRACP(Rzl,Dpzj
2
= if R2 2009 fEE ff for laminar flow = 64/R H = ff2 2 {W'}
3) Calculate Total Head, Hy:
Hr=Hg+Hp-H pi-Hipg
73.23 [a87] 346 0.01
4 06554 o " 368.7 . " | 5767 " y 0.02 " y
Tl 11930 G| agy Pl go7a|.  "LPTT| poa LP2 =
84,82 a8.7 46.13 0.02

3028d-pack.med ' 90198 - 5:25 PM .

583
1077
1615
763

2171072

40141070

8014102

| 28441078

.. Darcy Weisbach,
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4} Caiculate Hydraulic Conductivity, K {USER 7310-89, p. 1255):

— 7.55:10
qf'"(?) 106107
Ki = K=
arlHy 1.28.107°
| 8.53.107F

il

il meaniK) = 5.88+1
sec S

- ©m

0 —_—

.88

-
a0 T T 1 | il I I
aag -
710t | -
T
a
fo i 3
VT
4105 -
ge10 % 1
20107 1 i ! i l i i i "
T 76 &0 BE 80 e 100 106 110 s
H
T
. 3
..plot of discharge {ft¥/sec) ft gal
O = 4 4B
varsus total head (it) " epe min

2028d-pack.med

91948 - 5:25 FM
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MW-4027a (29.0° - 39.5%)

Givan:
L:={39.5-200}# L = 10.5t ...tast intarval length
psl=2.3057-f '
r:= Zﬂdn .radius of NQ borshole
s fif
v = 1221077 ., kinematic vigcosity of water @ 60 oF

28C

DP1 = 0.824-in  ..id for 3/4" schedule 40 SS pipe (Driscoll, p. 976}
DP2 =0.822-In  _.id for 1/2" packer pipe {ass_sume schadule 40)
. LP1 := 30.5-11. : _....334" pipe length
| LP2 := 3.5 - 1i2" pipe length
£ = OO0 4-ft ... roughness factor for new iron pipe [Brater & King, p. 8-13}

gravity head Hg, pressure head Hp, and pumping rates O:

(ar7] 10 - [osge2]

37.7 {1} 1.48

ary 20 3.28
Hg=|37.7 |t Hp=[10|psl Q=|276 %E:T

arri . 15 3.22

a7y 20 3.60

37.7 | 10 | 2.81

1) Calculate head loss through pipe (H, o) using Darcy-Weisbach equation:

Caleulate velocity through packer, V1. and Reynolds Number, R1:

2 - .
P Q DP1-V1 i R1 > 2000, flow
Al =g ... area W1 = el velocity  R1 = - is lurbulant
. Use Colebrook's equation to detarming friction factor [(Brater & King, p. 8-11%

= - 2.{1335-10_3 -.Telative mughﬁesa
DP1

4027a-pack. mod . : 8H0/E8 - 213 PM

R1 =

[ 3115 ]

| 9515 |

5046
11107
9346

10904
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fi1 =002 .. Initisl guéss at friction faclor

Givan

] : =2 E .
1 . 2; ) .
ff1 -( 2-log (— s e )HI' -1t for turbulent flow.

DP1 3.7 mr

FRICFRAG({R1,DP1) = FInd{ff1) i:=1. rows(Q)
i, = FRICFHAC(R‘;E,'DH) 1, If(ﬂ‘! < 2000 HE:— g ) ...ff for laminar flow = 64/R
. . ) i . . .
: v : .
Hipq =M ﬂu. ... Darcy Weishach equalion
i 'DPt 2g .

2) Calculate head loss through packer, H, 5,:

[ 4127 ]
Calculate velocity through packer, V2, and Reynolds Number, R2: ﬁ?“
' " _ B . . 14714
AZ = .. area Wz = % . velocity R2 = DP2 v2 if R2 > 2000, flow R2 = | 12381
_ ¥ - 18 turbulent 1 14445
Caleulate frictlon factor, f2; - 18150
= 2,?‘.’.’!1-1!]-5 | ... felative roghness fi2 := 0.02 ... inflial guess at friction factor - 126&6".
. Given
. . . -2 -
fiz=|-2-log _...E...._1._ + .28 \ ...ff for rbulent flow
P257 " 2 fi
FRI{:FHﬁﬁP{-RZ, DF2) = Find{ffi}' | := 1. rows{Q) fi2, = FRIGFRAGP{ Az, ,DPE)’
. ' Lpz (V2 \
fi2, = if| R2,< 2000, E ff2,| ..H for laminar flow = 64/R Hypz = ---—( J) .. Darcy Waisbach
R2,’ . 47 "ipPz 2.9
3) Galculate Total Head, Hy:
Hy=Hg+Hp-Hpi-Hpp _ _
a083] - 27,7 [ 23.07] [ 0.08] [ 0,04
71.98 a7 _ 346 0.22 0.4
82.53 ars 48,13 0.88 041
Hy=| 58826t - Hg=|37.7 bt Hp = | 23.07 -t Hipg =| 065 [t Hopp =] 03 [t
71.04 : arT b 346 0.86 0.39
823 | - < | 4812 1.05 0.48
| 5!5.?8'_ | 7.7 | | 23.07 | | 0.67 | | 0.31

4027a-pack.med - 810/08 - 2:13 PM
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4) Calculate Hydraulic Conductivity, K (USBR 7310-88, p. 1255):

8.93-107°
0.454107°
_..._.....-..4 .
Y . . -}
ul-m(,':} 1.82410 e
KI b= r K= 2,11'1[]-4 Ll maan{K) = 1.68:10 "«
2-xL-Hy sac - T+
' 207107
2.00-107%| |
| 2.45.107
L) T T ;
._ : £.008 [~ “
0.007 — =
a.an06 [~ 1
G
VRV
0.005 [~ =
0,004 = -
0.003 -
D002
56 85
. _ ...piot of discharge (f%sec) 01- #® - a0 gal
: versus total head (fty “ e min

4027 a-pack.mcd 91098 - 2:13 PM : "~ - paga 7




MW-4027b {39.0' - 49.5)

Glven: _
L = (49.5 - 38.0)#t L=105sft . .testinlerval iength
pein2.3067 ft
re f:gf.in ..radius of N borshole
. ~5 ﬂ2 ' L .
v = 1.22-10 " —— . kinematic viscosity of weter (@ 60 oF

SaC

_ DP1 = 0.824-in  ...id for 3/4" schedule 40 SS pipe (Driscoll, p. §76) '
DP2 := 0.622.in  ..id for 1/2" patker pipe {assurﬁe scher:_!ui.e 401
LP1 = 405/ . ...3/4" pipe lengih -
LP2 = 35/  ..Y2"pipe length
¢ = 000014/ fnughng_ss fagtar for hew Iron pipe *.{Elratar.& King, p. 8-13]

gravity head He, prassute hesd Hp, and pumping rates & -

37.8 ' 0] . . [o7o

N 37.8 ﬂ' H 20| a 142 | gal

= v - -psl V=  —

G tara | P = a0 " 4.24  min
avs| 10 o 2.75

1) 'Cﬁlculate head loss through pipe (H p4} using Darcy-Waeisbach equation:

Calculate velocity through packer, V1, and Reynolds Number, R1: | _ . . 2970

2 . ) . . . N .
DP1 : Q X _DP1V iFRY > 2000, flow 4809
Al =% . area Vi1 :=H - velocity R = — is turbulent R1 = 14358
| e312

Lise Colebrook's eduatinn to determine friction fector (Brater & King, p. 8-11)

_f -2.0388.10° . _relative roughness
DP1 .

40275-pack.mod . 9/10/88 - 1:55 PM
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fi1 = 0.02 .. inHal guess at friction factor

Given

M=

=2
-2-log|—> _ 231 ) .fF for turbulent flow
DP1

37 it

FRICFRAG(R1,DP1} = Find(fi1] i = 1. rows(Q)

4 . :
i1, = FFPLIi.'.'.tFH.nﬂ'u.('.'.‘r(FHi ,DF‘1) fit, = if(R‘!I{ 2000 ,2—1 ,ff1i) . for laminar flow = 64/R -

!

2
H Lp'ii = ff1 ﬂ (U'Ii}

i ... Darcy Waisbach squation
oPt 2.9 '

2) Calculate head loss through packer, H,p,:

Calcutate velocity through packer, V2, gnd Reynolds Number, F{E

340
_ 2 : . . : ' 8370
A2 = ... area W2 = E oveloplty T R2 = bP2-v2 ifR2 » 2000, low RZ =}~
A2 ¥ is turbulent _ 18021
Calculata friction factor, fi2: _ 12338
% = 2.?’{]1«11]"3 ... relative roughness fiz =002 .. InHlal guess at friction factor
Given
: g
fi2= -2~Iugf—z—--1—+ 251 | .1t for turbulent fiow
P2 37 nz-,!ﬁ_zj :
FRICFRACP(R2,DP2) = Find(ff2} =1 rows( Q) f2, = FRICFRAEF‘{H'EI, DP2:|
.
o B4 _ Lpz (vV2)
ﬂ‘E‘ - |f( R2l< 2000 — ,f‘I"EI ... ff for laminzr flow = 64/R Hopz = fFEI-.—~ .. Darcy Welshach
| R2, ' [ CPz 24 .
3) Calculate Total Head, Hy:
Hy=Hg+Hp-H p1-Hp
a0.76 37.8 23.07 0.08 : 0.03
h B3.58 . . 3r.8 % N 48,13 i " 0.27 " H .08 4
T7| 10446 G7|srs Pl 802 LP17 1 188 LP2=| 465

- 58.71 378 23.07 0.86 . _ 0.3

4027b-pack.med . 6110/ - 1:55 PM -  page 2



4) Calculate Hydraulic Conductivity, K (USBR 7310-89, p. 1255):

—_  szsu0®
: Q~In(L) -5
i B - TFEAD © | o
K, :=ﬁ o « = g Lm maan{K} - 1,32-10 520
LM : s6c sec
T 18510 8 _
Lz.m-m“_
0.0 T T i T o T )
0.8
D:DDE.- —
Qi
o
. 0,004
" om0z -
o : ] I | | | | I |

55 . &D &S Fi+]

..plot of dischargs (f/san)
varsus lotal head {ft)

4027b-pack. mod

Th &0 -1} =1} :1.3 i [4]4]
M, :
3
Lid al
01— =449 il
s mln

8108 - 155 PM .

08



MW-4027c (49.0' - 59.5")

Given: _
L= (595-43.0)f  L=105ft -...te3t interval length
psin2.3067 # '

r= 2'—:&-in _..radius of NG borehole

a

Vs 1.22~1n""-£— ... kinematlc viscosity of water @ 6{ oF
580

DOP1 :=0.824.in  ...id for 374" schedule n'.I[J 85 pipe {Driscoll, p. 978) -
DP2 = 0.822:in  ...id for 1/2" pB{:l‘i&I‘ pipe {assumé scheduta 4;&}
. CLP1 =505t ...3/4" pipe length
| LP2:= 35 . ..1/2"pipe fength
g = 0.00014-ft .. roughnass factor for new iron pipa (Brater & King, p. 8-13) .

gravity head Hy, pressure head Hp, and p(jmping rates O:

ar.g | 15 0.048

WU EIL 0 P ol 5 0.085 | gal
= ' = ‘P&l = e
G" a7 P=las [P Z 7] 0455 [ min

37.8 10 100013
1} Calculate head loss through pipe {ij using Darcy—W&ishach equation:

Calculate velocity through packer, V1, and Reynolds Humber, K1;
2

: DA _ a \ . DP1-¥1 if Rt = 2000, flow
Al = - - Arga V1= = velogity R1 = 3 is turbulant
. Use Solebrook's equation {o determing frictlon factor {Brater & King, p. 6-11}

= . 2.0353-1:}-3 ...relative roughnéss
DF1

4027 c-pack.med : 8108 - 121 PM

R1=|

163
322
525

page



f1 =002 .. initial guess at friction factor :"

Given

. _2_ | .
Ff1-( -2 Ing( '1 2.51 ) AT for turbulent flow

DF1 3.7 mﬂ

FRICFRAC(R1,DP1}) = Find{ff1) L:=1. I'OWS{Q]

fft, = FRICFRAG(R1,DP1}  #f1, 1= if[RY,< 2000 % g ) ..t for laminar flow = 64/R
ooLet (Y1) - |
H il Darcy Weishach equation
LRy, = T ope 2 ~ _ -

2) Gaicul_hte heéd loss through packer, Hyps!

Calculate vetociy through packer, V2, and Raynolds Numbe:.*r. R2:

215
) . o _ _
pDp2¢ DEZV2 428
AZ =1 ... area W2 = E .velocily R2Z = FR2 > 2000 flow R2=
' A2 v i turbulent 695
Caleutats friction factor, H2: 8
= 2.?.0_1 -11.'1-‘_3 ... retative roughness #2 = 0.02 ... initial gusss at friction factor
. Given .
_z . .
ff2= -2~|u_gfL l 23 LA for turbulent flow
SR g e o
FRICFRAGP{R2,DP2) := Find{f2) b=1.rows(Q)  #2 = FRICFRACP(R2,,DP2)
| 84 ' Lpz {va)
f2, = if | R2,< 2000 —.ff2,| ..fiforlaminarflow=64/R . H LP2, = g — ... Darcy Welshach
RzI ) _ P2 2.9
3) Calculate Total Head, Hy:
Hym=Hg+tHp-Hipi-Hipz
’ 1 : _3- ' N -4
724 37.3 34.6 3.75-10 8.01+10
85.46 37.8 s7e7| - 74301073 159410
SR [RPT 7Y A VTS AL S IFVEEY LA Y M HpeT |
' ' ' 0.01 1 2.59:10
60.87 7.8 23.07
’ | 1.'02-1[]”4 | 217 10_5
4027c-pack.med ' : 9H3/98 - 1:21 PM page 2



4) Calculate Hydraulic Conductivity, K (USBR 7310-89, p. 1255):

—
ol

K ozt
" 2aLH T,

3.03+10

&

45510

&

58710

b

| 2.76410

& -

il mean{ K} = 3.41-1h_ﬁ-ﬂ
gec s8C
<—fast K value is below quantfication limit

T

..phat of discharge {fti/sec)
versus total head (ft)

dd27¢c-pack.med

&0 a0 10 110
Hr
3
ft al
01— = 44952
50C min

89/13/98 - 1:21 PM
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COMPLETION HEF‘ORT FUR THE PTLDT PUMPLHG TEST FCR THE GROUNUW&TER OFERABLE UNIT AT .
THE WELDON SPRING SITE D278 .

APPENDIX C . _
Aaquifer Testing Graphs and Calculations : .

DGIEMM154B-?5?, Rey, A . . . : — : DRAFT .



Figure C.1 - Pre-test Water Levels

' ~
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~ Figure C.2 - MW-3028 Step Pumping (Q = 6.3/10.6/15.5/23.0 gpm, r = 0 ft)

o - - 1T ' |
. e MI : '
T + 4+ ++_-+++-+__+;++-w%ww ot k\
_ -t + T 377
| | *\\
~ |
N
4 v

Fh Results (1 = 38 - 126 min])
Fit 20 Log, Y18 ok
Y = 0230702 ™ log(X} [+ 0. 15445F
Mumber af pol E 36|
Axhrags kgiX) = 4-%5
2 Avirags Y = [)BIS05
Regressaon gpm of sqhams F 0
Residyual surm of 2q =0 19 ]
Coef of ranetion| R-sq = 0|87Had3 .
Residual N BIUAY, HH =| 0. 00 3254
Fil Rzautia (tF 138 - 328 min) :
Y = QEA3I04 " [ogiX)+ -1, Bp2B5
| Mumber of perintiz ugad F A6
Ayerage = 2 fPRTH
CAverage ¥ = J§ 51081

>3

§o

Drawdown (ft)

Regression of sqares ¥ 0 .4/128
Fipes|dual surm of squages = TR
Cond of Inetian = OB
3 - A CEOLES,

Fit Reoults [t 235 - 488 mi}
Y = 1.43338 1 log() 4 3.91472

Number of ussdpoz| | ' - ' ' ' . : :
Avarsga =573 ) ’ | \
Axaranm Y = P GBSSY T ' - : : :

—| Regressnon slen of 5q z. - . ' \
Rasidual sun of =g 125 _ . .
Coat of delarmination | R = oustiga _ . _ \
Residusl magn . - =lo.dogopora : \

4 11 _ .
0.1 _ o1 o 10 - 1E+2 - 1E+3

Time (min)
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3 - MW-2037 Step Pumping (Q = 6.3/10.6/15.5/23.0 gpm, r = 159.5 ft)

PR - RFTRTRAT -1
M-++ .

+ + EN
LR N

oy

d
I8

—
b=
Il
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Drawdown (ft)
|

<
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el
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- Time {min) .
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1

p off at { = 498 min

%
1

1E+2

1
= 188.9ftand 204.5ft) *

MWS21
. MW-4027 J

*
X

g

Figure C.4 - MWS-21 and MW-4027 Step Pumping

Q= 6._3!10.6_!15.5/23.0_ gpm, r

0.1

™
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(Y) umopmeiq
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0_4 S N

1E+4

1E+3
" uchempumpichemstep\stepobsi2 184027 stp grf

Time {min)
o
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Residual Drawdown (ft).

Figure C.5 - MW-3028 Step Recovery

(Q = 6.3/10.6/15.6/23.0 gpm, r =0 ft)
g T '

I
gpd 2

b= 19R
day

Far recoveary:

gal ' 23Q,
Q 0= 2297 A= = 2.303-0.408921-f8 A5 = D542t T:=

min ' d-x-45

T i - m 6065 in
Tosate® B9 xoT ko160t I L 6* Sch 40 S8 {(p. 978)
ft b 50
rz-S
r= 025311 S=0058 o= ¢ e 0.067 smin t =488 min+ ' c
4. T-8.02 .

1 T 2
1 _7297 for v-assumption  twb 3= 250-[? .Hargis {p. 53)  twb = 26.8 -min
t : .
i .
b ] .
] ] \mm‘ ti= 488 min+ twh =192 .4t gritical for end of wellbore storage
. [
=
_—|— Uncorrected tt xx %ﬁ;&
o q )
5 > Harrill's Correction - \\\‘ _ -
N Fit| Restlts L
Hp
3 %Ké +4 ]
\ XA mxrod | o Ll [T
_ _\\\
] =]
57E-005 ™
. x\\
4 - I I RN i
1 10 1E+2 1E+3 1E+5

1E+4'
t/t :
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 Figure C.6 - MW-3028 (Q = 31 gpm, r = 0 ft, diw(0) = 41.00' toc)

1 . [HEH
.Fm‘ + + 1 ’
* 4+ +-|—|--|—+i.,H_LH=H_H+F . ‘s
. [Hé ++“+++..|._
Ragy?

e . ' _ ) . . *#HW .

4 ++++

+ * + ¥

Drawdown (ft)
5 .

15

20

01 1 10 1E+2 tE+3 . 1E+4
| . Time {min) | '
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Drawdown (ft)

M

Figure C.7 - MW-3029 (Q = 31 gpm, r = 46.5 ft)

+H+r~-|m|M
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1
t
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b

e

0.1

10

Time (min)

1E+2

1E+3 .
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Figure C.8 - MW-2037 (Q = 31 gpm, r = 159.5 ft)

0
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g B n
- — ++
g H
o 1 ik +
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Drawdown (ft)

i
o

Figure C.9 - MW-S21 (Q = 31 gpm, r = 188.9 ft)
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Drawduwn (ft)

<
)]

Figure C.10 - MW-4027 (Q = 31 gpm, r = 204.5 ft)
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Figure C.11 - MW-3028 (Q = 31 gpm, r = 0 ft)

AE+2 ——— :
Fit Results {t = 1+ 3paamim]| i L
| Fit‘lr__l‘-"o'xiré_r: oglY =B log(PO+A
— o T— i
log(}Y) = 01173427 *Jlop(K) 1 0.43842
u— hd ]. - I T ETOT 1) I (LN
Y =pow{X.0.173427) t 1.58028 N
Murhbear of d oi =101 g 1
10 —— FeA= i
= [ ~ i
= ] - I r'j-
;;':' ] LTI =0, ] F
— Resdual $um [of $quares £ 00428981 1 A
c Cogf of determingtign, R-$quared =0|993484 | 1 1 | 1| | N el
g -Regjdual fneah square, siima-hatsqfi = 0.000433B14 m :
g 4+—F+tt— e
= - WMWWM
& e
- d___.d_—r—W N
FH— .
g i
D‘-i = - . o
0.1 S 10 1E+2 . . 1E+3
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' Figure C.12 - MW-3029 (Q = 31 gpm, r = 46.5 ft)
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Drawdnwn (ft)

" Figure C.13 - MW-2037 (Q = 31 gpm, r = 159.5 ft)
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| ~ Figure C.14 - MW-S21 (Q = 31 gpm, r = 188.9 ft)
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| ' Figure C.15 - MW-4027 (Q = 31 gpm, r = 204.5)
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0.01 _ . .. . i 13
0.1 . 1 10 | 1E+2 - 1E#3 a 1E+4
Time (min) -
' uchempumpty=31\4027-3x5.grf



W(u) N

. 10 ——

Figure C.16 - Theis Solution Type Curve
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Figure C.17 - MW-3028 (Q = 10.7 gpm, r = 0 ff)
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Figure C.18 - MW-4028 (Q = 10.7 gpm, r=32.2 ft)
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Figure C.19 - MW-3029 (Q = 10.7 gpm, r = 46.5 ft)
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Figure C.20 - MW-2037 (Q = 10.7 gpm, r = 159.5 ft)
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Figure C.21 - MW-4029 (Q = 10.7 gpm, r = 161.2 ft)
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Figure C.22 - MWS-21 (Q = 10.7 gpm, r = 188.9 ft)
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Figure C.23 - MW-4027 (Q = 10.7 gpm, r = 204.5 ft)
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Figure C.24 - MW-2036 (Q = 10.7 gpm, r=479.9 1)
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| Figure C.25 - MW-2038 (Q = 10.7 gpm, r = 598.2 ft)
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Figure C.26 - MW-3027 (Q = 10.7 me, r=619.8 ft)
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Figure C. 27 - MW- 3026 (Q = 10.7 gpm, r =621.9 ft)
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Figure C.28 - MW-3028 (Q = 10.7 gpm, r = 0 ft)
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Figure C.29 - MW-4028 (Q = 10.7 gpm, r = 32.2 ft)
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. Figure C.30 - MW-3029 (Q = 10.7 gpm, r=46.5 ﬂ)'
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Figure C.32 - MW-4029 (Q = 10.7 gpm, r = 161.2 )
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Figure C.33 - MWS-21 (Q = 10.7 gpm, r = 188.9 ft)
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o Figure C.34 - MW-4027 (Q = 10.7 gpm, r = 204.5 ft)
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Figure C.35 - MW-2036 (Q = 10.7 gpm, r = 479.9 ft)
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Figure C.36 - MW-2038 (Q = 10.7 gpm, r = 598.2 ft)
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Figure C.37 - MW-3027 (Q = 10.7 gpm, r = 619.8 ft)

10 - —
- . — SN N 1L H
. ] ; -
+  transducer.
. 1]
g Fit Results (manlial Bata) | o O manusl py
g :__l;Z;tJ!'_rEcﬁuef._quﬁ’;F Flog4A, T F ]
c N = IIgCXy 108855 e 378 3
_ : nRi
% _ = 3811 87275E-0D5
o Nurhber of data pdir =20 b0
= _ 7
o Averageflog(Y} 5 -1, 6 :
] {  Redressionsu squares = 3. 49798 hi i ’
0.1 Residual su squ = 1.14333 1+ 3 I‘ ] 5
-1 T—Cosfofdetdminafidn k- 5753396 Jh 5
| Residual méan sqbare! sigmahat-sy'dl= D.0§351R5 3% ¢ ——
- Lt -y Pt +
- I
7 T
e B + + HH
ZENN
1 +]1] 1 /_'._.,_.. +
. _ ¥ . '
0.01 S | . |
1 10 . 1B+ 1E+3 1E+4 | 1E+5

Time (min)

wichempumpilongterm\302713x5. grf




Flgure C.38 - MW-3026 (Q = 10 7 gpm, r==621.9 ft)
Unweathered Retmf t Well
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Figure C.39 - Pumping Well Type Curve for Early and Medium Pumping Times
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Flgure C.40 - Drawdewn VS. Dlstance (Q = 10 T gpm, 7!23:’98))
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Figure C.41 - Drawdown vs. Distanc_e'(Q = 10.7 gpm, 7/31/98})
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Fig_ure C.42 - Drawdown Ratio Type Curve for Wells in Aquifer
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Figure C.43 - Drawdown vs. Distance (Q = 10.7 gpm, 7/31/98))
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Residual Drawdnwn. (ft)

Figure C.45 - MW-3028 Recovery {Q = 31 gpm, r = 0 ft)
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Flgure C. 46 MW—-3029 Recovery (Q= 31 gpm r=46. 5 ft)

. ani¥ =19ft b2 1A
- ' e day.
' For recovery; : - o |
S drifling af MW-4028 : : : 23-Q°
-~ Aprivater fotary driling Q=3 _i‘ﬂ b= 23030725475 R s = 1671t T
. min : . © o d-rAs
. 0 ) .
= T=49010" E . T ko047 T casse
St * i b ’ tec - .
- = .2 . ) '
3 I8 . 3 sy .
% S:005 fpwo— e ¢ 2297707 wmin tis (?41 +-E.E) mint'
g' %2}% L 1.28 .. .for u-assumption K2 :--I. Xis 2310 1 —
. o t ' : _ _ L r S . oEEm -
i _ P .
0 : -
= I M%
> _ .
% ' | :\"x o 1] - | '
S | LT T s L -
ST 1 : I e N TR ————
. ‘-"*-‘_‘ )
.1&533 : . \ '
J63 T ]
s = 11.8876 . "~ : A
of s paes 5 2.48262 . : Pt —
. Coef of determination, R-squared = 0.828392 . | _ : :
1. Residual mean square, sngmm'lat-sq'd 0.0403708 AE+2 : 1E4+3 1E+4

uichempumpig=31\3029-rec.grf




Residual Drawdown (ft)
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Residual Drawdown (ft)
o
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Figure C.48 - MW-521 Recovery (Q = 31 gpm, r = 188.9 ft)
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Figure C.49 - MW-4027 Recovery (Q = 31 gpm, r = 204.5 ft)
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Corrected Residual Drawdown (ft)

Figure C.50 - MW-3028 Recovery (Q = 10.7 gpm, r = 0 ft)
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Corrected Residual Drawdown (ft)
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Figure C.51 - MW-4028 Recovery (Q = 10.7 gpm, r = 32.2 ft)
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Figure C.52 - MW;SOZ_Q Recovery (Q =107 gpm, r = 46.5ft}
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~Corrected Residual Drawdnwn. '(ft)

Figure C.53 - MW-2037 Recovery (Q = 10.7 gpm, r = 159.5 ft)

epdefd  bslom b2e=14
day
1343 : For recovery:
23.Q
0.992693 0 =101 8 523031004588  fs=2373m T
'd = 0.000869 min - 414
T=120° B kAl o900 & rmisesn
it |- I sec
. rz-S 5
rr 15950 Sm005 v £ .= L441-10° omin
" 4T0.02
t:= 2613955 mint ¢ t’L =1 Hor u-assumptian
’ )
K2 K2=56107 o0
b2 .SBL
".‘-"""' ahmar e 4l & bbemm e n|4 o |n |» - »
1 - 10 1E+2 . 1E+3 L 1E+4 L 1E+DS
| o T . |

u:'u::hempump\lnngtenn\rcvrgrfs\z(]a?lrec.grf




Flgure C. 54 MW—4029 Recovery (Q = 10.7 gpm r= 161 2 ft)
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Figure C.55 - MWS-21 Reéqvery (Q=10.7 gpm, r= 188.9 it)
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Figure C.56 - MW-4027 Recovery (Q = 10.7 gpm, r = 204.5 ft) |
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Corrected Residual Drawdown (ft)

Figure C.57 - MW-2036 Recovery (Q = 10.7 gpm, r = 479.9 ft)
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Figure C.58 - Drawdown Tyﬁe Curve for Wells in the Pumped Dike
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Figure C.59 - Drawdowit Ratio vs. Time
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Step-Drawflown'
Calculations



Adapted from Birsoy and Summers (1980}-Ground Water, v. 18, no. 2, pp, 137-146

gpm-_g—‘?l gpdl-gll bm9ft bh=11ft ...range of saturated screened
mim day intervals
6.3 . 0 : 2B
10.57 _ 28 _ 128 | _
= -gpm ..discharge retas ] min  ..time at stan | e = min L lime at
L5.46 . 128 of step 22% snd of step
2297 : ' 228 . 488

A = READPRN(*3028stps.pm" ) ..Input data file

1=A “min LLdime

5 =A“> it drawdown
26> o

stép = A .Atep number

_ nsteps 1= max(!&.{ i ) nateps = ¢
. minstep = min (ﬁf & :.I' minsiep = 1

x.(sterp,ﬂ!res} = |ie=1
break if max({step)sthres

while step, <thres ...determine nimber.of the first data for skep 2
fe-is 1
. i
xi{step, 1) = 194 _
jw=2, x(step, 13- 1 B,:=1 ...adjustment factor = 1 for first step

i x{step, 1). rows(A]

9
Q

su:pj i - g, |

|3j = _ L. l ..adjustment factor for subseguent steps
=1 157
. j=2. rows{A)
L ' t \ .
at, = fi.. |:1. = Ty ) adjusted time dat := L_ lat, = Iug(dat_) ...log adjusted time
NI L A B . min i [ d

uichempumpichemstepistep302813028sips.med 1

9/14/98



3
PR
B0 ;-L 1 2.b . :
;) Q sQJj & e——— . ...8{() and sf(] with Jacob's correction applied (Ref. #2)
5|'=Pj q(!lﬂp]) . . . .
B = gpugment| avgment| Rugment augment(augment{ﬁ,ﬁ},i_-), 'f | E';‘: Llat
. . min
pm EPN)
i := minstep.. _nﬁepé
j=12. rows(B)
S 194
nozy 1B mi) 0= Zn_+1=?m rows(B) = 716 ...count data for each. siep and verify total
i Ve S 230 I S o
S 246 Lo ' . : : :
( - 214 ' :
ne, = il Z n |1 me= 464 ....eﬂding row for each step
el 710
y
196 inni r
nh.=ne -, + 1 nh = : ".'hagmmng raw for each s_tap
P 235 -
| 455 |
$1 := submatrix (B‘nh] +1,ne, 1,11} WRITEPRN{"STP13028.ptn" ) := §1 . write data outto extemal file

t,,, = 72«min ..end of wellbore storage = 27 min &nd 7.2 min = minimum tims for corr, coef. >= 0.9 (see below)

SIB::suhﬁlah'ix(B,!TE,ne 1 u)

1 L 1 3 .
§2 := submatrix {B b, ne,, 1,1 1) WRITEPRN( "STP23028.pm™ } = 52
S3 1w submatrix (B,aby,ne,,1,11) WRITEPRN{"STPY3028.pm" } := 53
§4 := submatrix {B,ub4,ne4, 1, 11) . WRITEPRN("STP43028.pm" } := 54
) i1 oo . . . '
sl = slcpt(SI .51 ) s1 = 0017 ... slope of line relating 5/Q to fog adjusted time |n ftigpm .

<9>)

s1B = slope (sm‘ 1) - s1B = 0.034 ...slope of ine after wellbore storage effects

. uchem pumpichamsteptstep302813028stps.med 2 _ : 814498



s2 = elope (525777 | 52°%7) 2= 0.034
s3 = glope(83°117 53%%7) a- 0.032
54 :=.£~Iu:-pt:(54< 1 ,.S-‘f”J $4 = 0.038
FEVE :='51B ys2tsdtsd .Eewg = (LOA5 . ..averaga slopa
nsteps
bi -mtmept(m“” 1) pl-0035  bIiB -mte:rcept\SlB“]} SIB” ) BIB = 0.013 _
b2 e mren:ept(sz‘ > 2%} 20018 .y value at adiusted time = 1, log adjusted time = 0

Y .
b3 = intereept(53° "7 537 ) b3 < 0.032
b4 s= imiercept( 54517 $4°% ) ba = 0.633
" bIB+b2+blebd
bavg = bavg = (1024
nsteps
<11 <9>\'I <] Eal i ]
M =corls™'™7 1% 1 1120943 r1B = corrl818° "7 918° r1B = 0.9
*. .
2 =corrls2 7 52} -0m87 correlation coefficents
' y ' '
rd=comi 83 1Y 837 - 0086
: !
4= curr'lkSaﬂ-(' > g4 # :} rd = 0.98%
13
e, d .
T i T=7610052 | best estimate transmissivity
4.3 5aVE — -
Epm
T - ’ . . 4 -1 tm
K:=— K= 1810 2.m ...nest estimate hydraulic conductivity KZ=— K2=3ig-l0 s
b . seC bk ) 30
2.3 : d Tl 22 em .
TL o 11 = 16e10%ER Klme— KL= 39010 <
b 1+
416 —
. ' . d TIE "
TIB =2 TIB= 7701005 KIB =02 KiB= 1.9¢107 280
ft i b s
- 4.5.5]B—
gpm
: 23 d T2
Tom— =2 T2.770008% K2  K2: 1940 2l
ft ft b s
4152 —
g'pﬂ'l

uchempumpichemstapistep302813028stps.med 3 ’ - B/14/88



2.3 3 gpd’

L T3-a3m..._;.' Kite o K3:20102.50
o ) - b sec
Apgdi—m0— '
Epm
T4 := 2.3 ! T4 = ?'m_!.‘_gpd K4 ;=E - K4 =170 znﬂ
fi b e
4-7 54—
gpmm
 Check K estimate u_slﬁg recnvérjr data (Refs. #3 and #4}: _
' gal L : _ o 23Q,
Q= 2297 = 2.303-0.408921-R (s@€ piot) 45 = 0,942t T:=
thitt T ) d-x-4s
Te6ael0?E kT R=1600 250 080 e aen 40 85 Ref #5, p. 977)
' b qec
. A _ _
r= 0283t =008 .= v, = 0.067.min.  t=48Emin+t ' .
o 4F-0.02 .
5

Lomer ter u-assumption  twh = zs&% ..Hargis (Ref#3 p.53) twhb ¢ = 26.8 smin
tf .
c . .

- t= 488-min + twh c' =192 ..A% eritical for end of wellbore storage

twh

wchempumpichemstopistapd02613028stps.med 4 914/98



h=1. rows{31) i=1, rows(3LB) j':= 1_rows(82) k= 1. rows(33) 1= 1. rows{ 84} m = 2. rows({ B}

i T T o T
! LA L A
: A Y I
DR N -
=002 |- . : al
I TN : b : : T
'|'l51{}'h i i P L :
rrt P P .
e i [ Vo b
'{qu i o5 - | Pl Pl i
Ofm o ; P I o
{9}:| I- : !
-SI J‘ E.- E i '
opo ! !
. <9 = i : -
-laz l-:lk ~04% i H
£ : 'ii
c‘:‘l::-jl it
-[54 | . . $
Hw X \ -0l |- : st i -
T N : : P REE .
“[svElB gt beve SR S ERES :
eas Tz b P i 5 ]
- ] ; 1

L n-ml[Sl':b:Ih.I:SI:IJE-}}j,'::Szdb:lj,(saqh}k.{sdcsbl?].I:Bd}:lm, 16d retd

+++ Step t
000 Step 1 after wellbare storage
a0a Sgp2
e Swpd
e Step 4
------- average {it
B8 xy=1bavg

raw time, actual time, drawdown, -drawdawn, barametric pressurs,
stap, adjustment factor, 5/Q, $/Q w/ Jacob's carrection, log adjusted tima

uichempumpichemstepistep302813028stps.mod 5 G145



MW-4028;

1 1
£pm gﬂ Epd n E
it - day

Given:

s(X,1)=021-ft F(y,n=t =10 t=4bmin xm=3226t . =25 Q=107 gpm

Asgsume:

Wd = 50.ft b:=19ft b2:=tft  _widthof dike and range of saturated thicknesses

Caiculate Hydraulic Propatties:

3

Fl1. 1) -
waTd = SF X WATd = 1794100
Zosfx, 1)y day
Kd =S Kd- 230025 K=
b . sec b2
QF(y, 1)yt . -
W E——
W e an | Wdsd=33100m sd:

: a i 1 2
SeTe (= 2_}3.““_{!._3,.3 8cTe = 11 e
C1des(x, pl day

. Check with Pumping Well:
By = 2998 t:=400) min

wl= 7.370H) oyt g 0D

wl = WdTd 5cTc
'l

206

. owd

"Td = —------1"'1"7":]““1
W

Kd2 = 45010 L8
SEeC

_ Wdsd

Sd =220
Wd .

10/12/88 3:11 PM

Td =.9.5-103~‘§§

R 3.58-10-5'1‘!'.!

4 -1.5
L

4028dike.mcd



MW-302%a: -

) gal gel
T -
spm— gpd dny
Given:
g(x, =028 F(r1n:=1 1= 10 t:= 12-min
ASSUME; '
Wd=50f b= I190 B2=lft

Calculate Hydraulic Propartles:

3

wWaTd = LI thx WATd = 4.8410° e
2oeix, thy day
Kdi= 1% Kd- 64410 250 Kd2 =28
b seC b2
QF(y, 1)yt
WdSd := . 2
2502, 1A Wdid = 2-10 "om
. 2 2 31 i 2
ScTe :='2Mft © BoTe= 1410 Fale
14-5€x, 1 X1 day

Check with Pumping Well:
5, = 290t r:= 4000 min

=5 4 -5

wl = WdTdScTe  wl= 7.09:10 om w8
]

198

wl

Td := M

Kd2= 1208

5L

Wwdsd
8d = ———

wd

10/112/98 2:11 PM

x:=465ft 4m=10 Q:=107gpm-

..width of dike and range of saturated thicknesses

Td = 2.5-104-5'3

Sd=13s10°

4 -1.5

w2 = 3.58¢10 em s

3029adike.med



MW-3028b: . ' L L .

Zpmu giﬂ :
min day .

Given: _

B(X, ty:=018f Fig,tiwl 1= t= 1.4-m.in x=465ft 1=235 Q=107gpm
. Assume; o ' '

Wd=50ft  b=19R  b2=Ift  ..width of dike and range of saturated thicknessas

Calculate Hydraulic Praperties:

.3 N
: x - : - WdTd
wdTd = 2FL 8 WATd = 30110 a0 R RRPRTA N
_ 2a(x, )y day - Wwd ft
k=T Kdsaug2Sm Kz =14 Kd2 = 7.5410 l-ﬂ
b gL bl sec
CQF(r :
QFGL ot - sd
WO ey WiSd= 91107 Sd o= fgd_ 5= 6107}

2 22 2
.F 0 -
_.—Q ) o EcTe = 2.4+10 t-__m

14.8(x, 13" % day _ o . S .

Check with Fumping Waell:

EeTe =

By 1= 299t t:= 4000 min

. ) "]
- T -
wi :=_Wde' ScTe wl = 5 85 10_5 4 1'5 wii= Q J-z Wwi= 3.53-]0_5"]14 *z 1-'5
| T.S:Sw
- 164
wl

10M12/88 312 P - . 3029bdike.med



WMW-2037:

1 al
Epm -_E.?..- gpd I'-g—_
min day

Given:
s(x, =178 F{p,01:=1 1:=10

ASSUIMS,;

t:=9l0-min  x:= 1595

Q=107 gpm

Wd := 50-ft b= 194 b2:=1-ft .. width of dike and range of seturated thickneszes

Caiculate Hydreulic Properies:

QR %

3

WdTd = WdTd = 1.09167 1 Td=m ¥
2o5{x, by dey
_ : Td -
Kd=d ga-1aa028m Kd2 1= — Kd2= 27410 st
b SeC b2
- Q'F{I?I}'III - wde
Wasd T 2tz %1 WdSd = 18416 om Sd .
2 22 o 2
ScTe :=M_.1_.t © BeTe= 1510 1-m—
Las(x, 0 %1 day
Check with Pumping Weik
sw:=2.99-ﬂ t = 000 -min
- ot
Wwli= WaTd4$cTe  wl= L6810 om'ws 1 wlis 3 ’[2
7.
¥ a4t
Wi

10M12/98 312 PM

w2 = 35810 4

4 -1.5 -
m s

2037dike. med



- Mw-4029: L
gal .. pal

goms-——  gpde——
thin day

Given: _ ) _

o s(x, 1} =038t F{i,r} =1 tm10  ti=19-min xi=16124 =50 Q107 gpm
Assume: o o - ' |
Wdi=508  b:19ft  b2:=1-ft  ..width of dike and range of saturated thicknesses

Caleulate Hydraullc Proparties:

3

" watd m TR WdTd = 2470°_  Ta=9T oy et
2-5(x. 1)y _ day - wd
K= T kdz 120025 C k2= kaz-g2e10n
b sec’ - sec
QF(r, 1)t | | | |
WdSd 17— & -3 . . Wdsd 1
WdSd = 3.4+10 “um 8= e® 84z 2740
LBk, t)1xx . ) .
2
$eTe --m_l._f . ScTes 25410 1o
14.5(x 17X d“&'

Check wiih Pumping Woell:

g = 29%f = 4000 min

F) : . :
. . ‘al . -
W= WATd.fSeTe wl = 4.85010 S’ .es w2 1= 2 '[2 W2 = 358010 Yo s 17
| . ?.S-Ew
 e1as
w2 -

101208 310 PM _ 4029dike.mcd



MW3E-21a:
1 i
gpm = gpd =

.min _day
Given:
s{x )= 1.4t Fiy,tp:=1 =10 ti=510-min X:= 188.9-ft  y:=350 Q=107 gpm
ASEUMaE;

Wd =50 b= 191t b2:=1-fi .. width of dike and range of saturated thicknessas

Calculate Hydraulic Properties:

k]

WaTd = 2T DY yird - 770t Ta= 29T 4. 42003828
Zes{x, thy T day wd fr
Kd= E Ed- |i]'ﬂ-2'ir-|1 Kd2 FE Kdi - z'lﬂ‘lﬂ
b 1 b2 sec
L QFO et i W -
N ORr | WdSd= 21440 58 := —;:d 8- 14107
2 7 2 2
F . -
SeTe ;=M S5cTe =_3,ﬁl]{] l.l‘l'l_
]-i-s{x,t)g-x:-t ’ day
Chegl with F’umpiﬁg Well:
L 2998 t:= 4000 min
5 4 -1 Qg 54 -lS
wl = WdTd 5cTe wl={.88«101 "ern g w2 = - wW2= 35810 "amn oex
1.5-5 ’
wl _ w

—= 1052
wi

10/12/98 3:13 PM _ ' " mwa21adike.med



MWS-21h:

1 1
l;g.a_'._ gpd 'ﬂ

min - day.
Gi;.ren: _
s{x,t}. = 1.0 i Fiy, 00 =1 =18 ti=55min x:=1889-f =100 Q=107 gpm
Assyma: . ' . ' o o
Wd = 501t b 19-ft b2 =11 . . width of dike and range of saturated thicicnassas
. Calculate Hydraulic Properiies:

m WdTd

" waTd = 2EQL T WdTd = 5.5 (107 Ta= O g 200 8T
. Z.E{x..t}.x . da}" Wl ft -

Td 4 © Td -
Kd =  Kg= 72010 Soim KdZm -  Ka2= 140122

b : . SEC B2 . . osep

o QF(y, )yt .

RS TN . wdsd -
'Wde 2s(x, 1) Wdid = '5-3'10-2'"' ' . _Sd :=.W Bd = 4.2.10 5

. . 2 32 N |

.]:‘ H . . -
StcTe ::M ScTe = 3102 [.II'I_
14a(x 1F a7t day -
Che&k wilft Pumping Well;
6y = 2994t t:= 4000 min
. ! . . 2, -
Wl EWaTdSeTe  wi= Lo Yt w2 2 J_:z w2 = 35810 mm ug 170
: ) 7558
1 . w

X 03y
wl

104208 313 PM _ mws2 1 bdike mod



MW .-4027a:; -

gpm -E_a!.. g—pd :g_all

min dey
Given:
slx, =095t F(yt=1 =10 i:=31-min x=20454% 1=100 G:=10.7gpm .
Assume: ' _
Wd = 508 b= 191t b= 18 ...width of dike and range of saturated thi-::kr:asse_:s

Calcul!ate Hydraullc Proparties:

3

waTd = LFWLDE wrird - 6280108 Lt PPN

2-8(x,t)4 day w4
Kdi= 19 Kdeg2e10 M Kdz =10 Kdz= 16e107"

b SBC b2 . BEC

Q-F{y 14t ' _

WS = s e Wasd = 3510 m sd ‘=%j_d 5d = 23107
4

BeTe = Q2 F{I’T} I * ScTec= l,ﬁ-lﬂ-l-ﬂ-

Hes(x, %1 day
Chack with Pumping Weil:
w = 2.99-ft  ti=4000-min

& 4 =1.5

b .
wi ="Wd4Td «/5cTc wl= 99110 "om = wl e Q J;z w2=3.5$-]ﬂ-5-m4-;1'5

* w
¥ o2
wi

10/12/68 3:13 PM 4027 adike.mcd



MW-4027b: -

al : 1
gpmt% : gpd-%
Given: _ _ _
B(x,ty=208 P(U=1 t=10 Liedlemin x=2045f y=50 Qe 107-gpm
ASSime: ' | |

Wd = 501t bi=19f b2Zx=lfi ..widthof dike and range of saturated thicknesses

Calcuiate Hy_drauli_c: Prupaﬁiéis:

F . © WdT4d C
Wt B gy sogmoh {CISILLLL N U PRPLE .
sz 1)y © day Wwd
T S P
Kd=dd  Kd- 7.8e0050™ K220 Kaze1se0 SR
B - ge¢ . b2 ]  Bee
. QF(y. 00t
S Wdsd e =7 2 ; -1 Wdﬂd =7
. . WdSd = 1.1+10 "=n 8= — 8d = 7210
2e(x 1hat _ wd .
2 2 2 2
F e
" &cTe :‘.—M Sn’[‘c,.. [2-]{) ln.m_.
M-s{:_,t}z-xz-t day

Check with F"umpi_ng Well:
wi= 2990t 1= 4000 min

. F
- — T wt . -1.
wl = WdTd-J8cTe  wls= 8.13-1!}"6-1114 g 13 w2:= Q J_ w2 s 3.58-11].5-11::4 g 13

=1, 23
wZ

10/12/88 3:14PM. - -  4027bdike.mcd



COMPLETION REPORT FOR THE PILOT PUMPING TEST FOR THE GROUNDWATER QFERABLE UNIT AT
. . THE WELDON SPRING SITE 11/6/85

APPENDIX D
. . Groundwater Quality Analytical and Quahty Control Data

. ' DOE/ORIZ1546-757, Rev. 0
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