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Second Aguifer Test:

A second multiple-well squifer test was performed in the mineralized area
near the northern boundary of Section 189. This test was part of a hydrogeo-
geologic investigation of the commercial pemit area north of the R&D site.
This investigation consisted of: (1) a review of exisiting geclogic and
hydrogeologic data; (2) design of an appropriate aquifer test; (3) design
and construction of an appropriate well array for the aquifer test; (1)
laboratory testing of core samples from confining layers; (5) conducting
the aquifer test, (6} analyzing the aquifer test data, and (7} interpret-
ing the results. This hydrogeologic investigation was structured to address
environmental and operational questions pertinent to ISL wranium mining at
the site. Specifically, the requirements outlined by the Muclear Regulatory
Commission (NRC) in Regulatory Guide 3.46, Section 2.7.1 and Draft Staff
Technical Position Paper WM-B8203; Section 3.1.2. Therefore, this hydrogeo-
logic investigation was oriented toward the characterization of the hy-
draulic properties of the ore-bearing aguifer, and the hydraulic relation-
ship of the aquifer to the overlying and underlying confining strata and
the overlying aquifer. The aquifer test site is located near the north
boundary of Section 18, T 231 N, R51 W, Dawes County, Nebraska. This site
is approximately 2800 feet north of the R & D site (Figure 2.7-7).

Site Hw trati

The uranium-bearing aquifer is formed by a coarse~grained arkosic sandstone
which is locally known as the Basal Sandstone Member of the Chadron
Formation. The Basal Sandstone is believed to be the depositional product
of a large, vigorous, braided-stream system which occurred during the early
Oligocene age (approximately 36 to 40 million years before present).
Regionally, the thickness of the Basal Sandstone ranges from 0 to 350 feet.
Exploration drilling in the vicinity of the test site shows that the
average thickness of Basal Sandstone is approximately 40 feet. At the test
gite, the Basal Sandstone is approximately 550 to 600 feet below ground
surface. The Chadron Formation lies with marked unconformity on top' of the
Pierre Shale.

2.7(15) 07/29/87
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The Pierre Shale of late Cretaceocus age forms the wderlying confining
layer for the Basal Chadron Sandstone. The Pierre is a wide-spread dark-
gray to black marine shale which is essentially impermesble. Regionally,
the Pierre Shale is up to 5000 feet thick. In Dawes County, deep oil test
holes have encountered thicknesses of 1200 to 1500 feet of Pierre Shale.

The clays, claystones, and siltstones of the Middle and Upper Members of
the ¢Chadron Formation and the Lower Brule Formation form the overlying
confining layer for the Basal Chadron Sandstone. At the test site, the
overlying confining layer is approximately 315 to 325 feet thick.

Purpose of Investigstion:

The purpose of this hydrogecologic investigation was to accurately charac-
terize the hydrogeoclogic regime of the commercial permit area north of the
R&D site as it pertains to ISL uranium mining. The specific cbjectives of

this investigation were to:
o confirm confinement of the core-bearing asguifer,

o determine the transmissivity, hydraulic conductivity, and storativity

of the ore-bearing asguifer,

o determine the azimuth arnd segnitude of the major and nminor aves of

transmissivity in the ore~bearing aguifer,
o use the Neuman-Witherspoon Method to determine the vertical hydraulic
conductivity under in situ conditions, of the confining layers which

overlie and underlie the ore-bearing aguifer.

In addition to its use in the commercial permit eapplication, the
informstion gathered during this investigation may be used for:

2.7T(17) 07/28/87



design of the commercial wellfield,
selection of commercial production parsmeters,
design of the groundwater monitoring system,

D o O O

predictive snalysis of the mining and restoration efficiency.

The saguifer test program was designed to quantify the hydrogeclogic para-
meters recommended by the NRC in Regulatory Guide 3.46, Section 2.7.1, and
Draft Staff Technical Position Paper WM-8203. Specifically, this test was
degigned to allow anslysis of the confining lavers by the Newuman/Wither-
spoon Method (1972} which is currently considered by the NRC to be the most
applicable to aquifer-aguitard systems

nly associated with uranium

deposits.

Configuration of ¥Well Array:

The well array used for the asquifer test consisted of five wells and twe
high-sensitivity plezometers configured as shown in Figure 2.7-8. A1l of
the wells and pilezometers used to perform this test were constructed during
April and May, 1987 specifically for use in this test. The location and
completion details of these wells and piezometers are shown on Tables 2.7-2
and 2.7-3. One puamping well (CPW-1) and three chservation wells {(COW-1,00W-
szl Chadron Sand-

stone) . These wells were screened through the entire thickness of the agui-

2? OOW-3) were completed in the ore-bearing squifer (R

fer (fully penetrating), (Figure 2.7-9). The three observation wells were
located in an equiangular arrangement around the central pumping well (Fig-
gure 2.7-8). This configuration provided the data needed to define the mag-
nitude and direction of the major and minor axes of transmissivity, the
pissivity, the hydraulic conductivity, and the storativity
of the ore-bearing aquifer.

aeffective tren
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Surface Coordinates {ft}

TABLE 2.7-2

WHLL LOCATIONS

Deviation (ft})

Bottosm-hole
Coordinates (ft)

Ground
Surface

Top of Casing
Rlevation (ft}

Well B N B N B N Rlevation (ft)
CPwW-1 1,097,757.20 498,137.28 - .64 -1.02 1,097,756.56  498,136.26 3837.55
COW-1 1,097,774.33  498,039.39 +3.02 -2.62 1,0987,777.35 498,036.77 3840.21
COW-2 1,087,681.13 498,164.90 +1.89 -2.33 1,097,683.02 498,162.57 3833.61
OOW~3 1,097,803.23 498,177.05 - .19 -1.39  1,097,803.04 498,175.66 3840.40
BMW-1 1,097,768.87 493,045.32 +1.63 + .76  1,097,770.60  488,046.08 3839.85
UCP-1 1,097,676.19  498,156.47 +2.33 + .58 1,097,678.52 498,157.05 3834.16
LOP-1 498,181.99 +4.41 +6.07 1,097,799.14  498,187.86 3840.02

1,097,794.73

3838.75
3842.25
3835.57
3842.36
3841.82
1836.82

3840.98
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One monitor well (BMW-1) was completed in the first overlying sand of the
Brule Formation (Figure 2.7-9). Well BMW-1 is also screened through the
entire thickness of the aquifer (fully penetrating). This well was used to
monitor the water level in the first overlying sand during the aquifer
test.

Two small-diameter,  high-sensitivity piezometers (UCP-1, LCP-1} were
completed in the confining layers which overlie and underlie the
ore-bearing aquifer (Figure 2.7-3). These piezometers provided the data to
calculate the vertical hydraulic conductivities of these confining layers
under in-situ field conditions.

Well Construction and Completion Technigues

All well and piezometer boreholes were drilled with a conventional rotary
drill rig using a bentonite based drilling fluid. The borehole was drilled
" to the appropriate depth and was geophysically logged. The log suite
consisted of a gamma log, a resistivity log, a neutron log and a deviation
survey. The geophysical 'logs were then used to determine the exact
completion interval of each well or piezometer.

The pumping, observetion and monitor wells were completed by a single stage
or integral completion method, Figure 2.7-10 is a schematic of this
coppletion method, This method consisted of drilling a nominsl 8-inch
borehole to the desired depth. Next, a string of 4.5-inch diameter
Yelomine casing with the desired length of screen attached to the lower end
was placed in the hole. A cement basket was attached to the blank casing
Just above the screen to exclude cement from the screen interval during
cementing. The cement was then pumped down the inside of the casing to a
plug set just below the cement basket. The cement passed out through weep
holes in the casing above the cement basket and was directed by the cement
basket back to the surfece through the annulus between the casing and the
drill hole. After the cement had cured sufficiently, the residual cement
and plug were drilled out. The completed wells were then developed by
air-lifting. The confining layer piezometers were cased with two-inch I.D.
Yelomine casing and a porous stone tip. The porous stone tip was two feet

2.7(23) 07/28/87
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Well Construction-and Cempletion Techniques Duplicative ~ Text

inches in diameter, with 50 micron pores. These plezometers were grouted
through a tremie line from the top of the completion interval to ground surface
with cement slurry. The cement was excluded from the completion interval
by an inflatable packer. Figure 2.7-11 is a generalized diagram of the drilling
and completion procedures for the piezometers. The completed piezometers
were then cleaned and developed by inserting a one-inch pipe to the bottom
of the piezometer and circulating clean water. During the construction of the
confining layer piezometers, cores were cut from the completion intervals.
These cores were sealed in nitrogen purged containers made of PVC pipe to
preserve in situ moisture content and to prevent oxidation during
transportation to the testing laboratory.

Standard consolidation tests were performed on samples of these cores to
determine the coefficient of consolidation, c,, compression index, C,
coefficient of compressibility, a, ,and vertical hydraulic conductivity, k,, of the

2717
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Figure 2.7-11: Schematic of Completion Method for
Confining Layer Piezometers
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OF CONFINING LAYER SAMPLES

Vertical
Coefficient of Coefficient of Hydraulic

Conasol idation,oy Compression Compressibility,as Conductivity, ki )
Borehole Depth (ft) Lithology Porosity (cm? /sec. ) Index, Cc (cm® /g ) (em/sec, )
ucp-1 546.5 red clay .341 6.65x10-5 2.75x10-2 4.46x10-7 2.22x10-11
uep-1 550.6 red clay .328 1.13%10-¢ 2.69%10-2 4.37x10-7 3.78x10-11
UCcp-1 555.6 red clay .284 1.78x10-¢ 1.94x10-2 3.15x10-7 4.46x10- 13
ucp-1 Average .318 1.19x10-¢ 2.46%10-2 3.99x10-7 3.49x10-11
LCP-1 617.0 shale L3137 1.04%10-¢ 2.28x10-2 3.70%10-7 2.89x10-31
LCP-1 621.8 shale . 333 9,10x10-5 4.,04x10-2 6.56x10-7 4.36x10- 11
LCP-1 Average L3425 9.70x10-5 3, 16x10-2 5.13x10-17 3.63x10- 1

¢1) Calculated for 600 psi effective overburden pressure from consolidation test data.
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confining layers (Table 2.7-4). Laboratory determination of these parameters
allowed calculation of the specific storage of the confining layers and their
vertical hydraulic conductivity.

Pre-Test Monitoring

Construction and development of the five wells and two piezometers in the
well array was completed on May 28, 1987. For the next 33 days, the well
array was allowed to stabilize. During this time, the water levels in all the
wells and piezometers and the barometric pressure were measured and
recorded daily. These data were used to ensure that the wells and
piezometers had reached a true static water level.

Aquifer Test Equipment and Instrumentation

During the aquifer test, the pumped well (CPW-1) was equipped with a 7.5
HP submersible pump which was set at a depth of about 500 feet. A two-inch
I.D. discharge pipe conveyed the pumped water to the surface. Electrical
power for the pump was supplied by a diesel-powered portable generator
which ran continuously throughout the pumping phase of the test. A one-inch
diaphragm valve was used to control the discharge rate. Two Haliburten

Duplicative Text
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Haliburten meters which measured both flow rate and volume were installed
in the discharge line to measure Instantanecus discharge rate and
cumulative discharge volume. Only one meter was used at any onge fime,

keeping the second in reserve as a backup.

the discharge line extended about 400 feet from the wellhead to prevent
discharged water f{rom leaking downward and recharging the shallow overlying
agquifer. The three Chadron observation wells {(COW-1, COW-2, and COW-3),
the overlving monitor well {BMW-1}, and the two confining laver piezometers
{UCP~-1 and LCP-1) were cguipped with clectronic pressure transducers.
These six pressure transducers were connected to a computer-controlled
datalogger which automatically recorded the water levels 1in each well at
specified time intervals. A seventh electronic pressure transducer was
used to measure barometfric pressure which was alse recorded by the data-

logger each time the water levels were recorded,

Aguifer Test

The pumping phase of the aguifer test began at 12:47 on June 30, 1987 and
concluded at approximately 12:47 on July &, 1987. Thus, the length of the
pumping phase of the test was 4322 minutes, or about 72 hours. Just grior
to the start of the pumping, static water levels of all the wells werse
measured  and recorded {Table 2.7-5). The recovery phase of the test began
at 12:47 on July 3, 1987 and concluded atf 13:17 on July &, 1887, which is 3
period of 4380 minutes, or 72.5 hours.

The average discharge rate during the pumping phase of the fesf was 47.74
gpm and the total velume of water discharged was 208,288 gallons.
Throughout the pumping phase, the discharge rate was regularly monitored to
insure that it remained constant. Tables 2.7-8 and 2.7-7 present the
recorded drawdown and recovery data corrected for changes in barometric
pressure. The static water level in the pumped well was approximately 484
feet abeove the top of the aquifer. The calculated maximum drawdown in the
pumped well was 36,88 feet, which is approximately 447 feet above the top
of the aguifer. Therefors, the aguifer was under conflined conditions

throughout the test.

2.7{28) 03/15/88



TABLE 2.7-5

STATIC WATER LEVELS

Static ¥Water Level 6/30/87

Well {ft. above MSL)
CPW-1 | s
OoM-1 3749.5
COW-2 3749.5
OOW-3 - 3749.5
BMW-1 3808.2
UCP-1 3751.3
LCP-1 3749.4

t  Could not messurs water level because pump wes in well,

2.7(29y 907/28/87
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No equipment failures or interruptions occurred during the aquifer test.
However, barometric pressure did vary considerably during the six-day test
as the result of the pessage of a low pressure system and a cold front with
asgsociated thunderstorms and subsequent high preséure. /

ANALYSIS OF DATA

Analvtical Methods

To saccomplish the goals of this investigation, the following methods of

analveis were used:

o Theisg’ Non-Egquilibrium Method  (Theis, 1835) for analyvzing
non~equilibrium pmping test data.

o Theis’ Recovery Method {Theis, 1935} for anslyzing recovery test data.

o Jacob’s Modified Non-Equilibrium Method (Cooper and Jacob, 139481 for
analyzing non-equilibrium pumping test dats,

o Cooper and Jacob's Distance-Drawdown Method {(Cooper and Jacob, 18946}

for determining radius of influence.

o Hantush's Method (Hantush, 1988) for determining the megnitude and
direction of the major the minor horizontal axes of transmissivity in

an anisotropic aguifer.

o Neuman and Witherspoon's Method (Neuman and Witherspoon, 1972} for
ining the hydraulic diffusivity and vertical hydraulic

conductivity of confining layers.

o Darcy’s Law (Dercy, 1888} to determine the aversge pore velocity arnd
the groundwater flux scross the aquifer test site.

2.7(38y 07/28/87



Consolidation Test {ASTM 1885) o determine the coefficient

of consoclidation, compression index, coefficient of compressibility,

o Standsrd
and verticsl hydraulic conductivity of the confining layer.

From a practical viewpoint, the field conditions at the test site met all

the assumptions and conditions necessary for these analyticsl methods to be

applicable and valid.

Results of Analysig

The Jacob Non=-Equilibrium Method, the Theis Non~Equilibrium Method and the
Theis Recovery Method were used to analyze the aquifer test data from the
three Basal Chadron Sandstone wells (Figures 2.7-12 to 2.7-20). A confined
non-leaky tyvpe of anslysis was made because leskage effects were not
apparent in the test data and the piezometric surface is well above the top
of the aguifer. Inspection of the results of the analyses verifies that

these assumptions are valid.

The transmissivities calculated from the drewdown data from the three Basal
Chadron Sarndstone observation wells {({(OCW-1, COW-Z, COW-3), ranged from
2682 gpd/ft (359 fti/day) to 2795 gpd/ft (374 £t?/day}. The storage
coefficients for these wells, calculated f{rom the same analyses, ranges
frem 8.44 x 1003 to 1.31 x 10-%. The transmissivities calculated from the
recovery data from the three observation wells are slightly lower, ranging
from 2504 gpd/ft (348 ft2/day) to 2659 gpd/ft (355 ft?/day). The lower
transmissivity values calculated from the recovery data are probably the
result of the varistion in the storage coefficient during pomping and
recovery. In theory, the storage coefficient is assumed ¢0 be constant
during both the pumping and the recovery phases of an aquifer test. This
assumption is true if the aguifer is perfectly elastic. In practice,
however, a confined aquifer is usually not perfectly elastic. Therefore,
it will not rebound vertically during recovery of water levels {recovery of

pressure} at the same rate that it consolidates or compresses when pressure

is decreased during the preceeding pumping. Therefore, the storage

2.7(37)y 07/29/87
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coefficient will vary and is likely to be larger during pumping than
during the subsequent recovery (Jacob, 1963). Thus, transmissivity values
calculated from pumping data are commonly larger than those calculated from
recovery data.

The average thickness of the aquifer at the test site is 40 feet.
Therefore, the hydraulic conductivities calculated from the drasdown data
ranges from about 67 gpd/ft! (8.96 ft/day) to about 70 gpd/ft? (9.34
ft/day). The  hydraulic conductivities calculated from the recovery
data ranged from about 65 gpd/ft? (8.7 ft/day) to sbout 66 gpd/ft? (8.83
ft/day) Table 2.7-8 summarizes the results of the analysis of the aquifer
test data.

The Hantush Method For Anisotropic aquifers wms used to determine the
direction and magnitude of the major and minor axes of transmissivity of
the Basal Chadron Sandstone. The major axis of transmissivity in the Basal
Chadron Sandstone lies along an azimuth of about 51° and has a megnitude of
2760 gpd/ft (369 ft2/day) (Figure 2.7-8). The minor axis of transmissivity
has an azimuth of about [41° and & magnitude of 2692 gpd/ft 360 ft2/day.

The overlying confining layer piezometer {(UCP-1) showed no response to the
punping from the Basal Chadron Sandstone during the aquifer test (Figure
2.7-21). However, this piezometer did respond to the rapid changes in barc-
metric pressure that accompanied the passage of a low pressure system and a
cold front which confirmed that it was indeed functioning properly.
because UCP-1 did not respond to pumping, it was not possible to use the
water level data from UCP-1 to calculate the hydraulic properties of the
upper confining layer using the Neuman-Witherspoon Method. Therefore,
laboratory data from the consolidation tests of core samples from UCP-1
were used to calculate the hydraulic properties of the overlying confining
layer.

2.7(47y 07/29/87



Well

COW-1
COW=-2
COW-3

Aversge

Yell

COW=-1
COW=2
COM=-3

Average

HWell

Jacob Method (Drawdown

T (gpd/ft) T (ft:/day) g K {gpd/fe2} X (ft/day)
2682 359 8.65X10-$ 87 8.98
2687 359 1.14X10-¢ 67 8.98
2795 374 9.73%10-5 70 9.35
2721 364 9.93x10- ¢ 68 9.10

Theis Method {Drawdowm

T (gpd/ft) T (fi2/day)

2730
2733
724

2728

365
365
364
365

Theis

T {ged/ft) T (£48 /day)

2658
2626
2604

3585
351
348

351

b E {(ft/day)
8.44%X10-3 68 9.13
1,11X10-¢ 88 9.13
1.31X10-¢ 68 $.10
1.08%10-¢ 68 $.12

E (gpd/ft2) E (ft/day)

66 8.88
66 8.78
65 8.70
68 8.7%

Aversge of Jecob ard Theis Methods {Drssdossn

T {gpd/fr) T (ft*/day}

g

2708
2710
2760

2728

362
362
364

384

2.7(48)

tions

8.565X10-¢
1.13X10-¢
1.,14X10¢

1.04x10-4
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Results of the laboratory consolidation test data from three core samples
of UCP-1 are shown earlier in Table 2.7-4. The calculated average coeffi-
cient of compressibility, ay, of the red clay portion of the overlying
confining layer, is 3,99 x 107 cm? /g and the calculated average vertical
hydraulic conductivity is 3.49 x 10-!'! om/sec. Using these consolidation
test data, the calculated specific storage of the red clay portion of the
overlying confining layer is 3.08 x 10-? camr! and the calculated hydraulic
diffusivity is 1.13 X 10-¢ com?/sec. Analysis of drill cuttings and
geophysical logs of UCP-1 and exploration holes in the vicinity of the test
site show that the lithology of the strata between the Red Clay and the
overlying Brule aquifer (Upper Chadron and Lower Brule Formations) is
similar to the Red Clay. Therefore, it is reascnable to assume that the
hydraulic characteristics of these strata are similar to those of the Red
Clay. Given that the red clay is approximately 30 feet thick and the total
overlying confining layer is approximately 325 feet thick, the hydraulic
resigstance, ¢, (Kruseman and de Ridder, 1978) is about 830,200 years for
the red clay and 8,994,000 years for the entire confining layer. The
average porosity of the overlying confining layer calculated from the
consolidetion test data is 31.8%, therefors, the travel time through the
red c¢lay portion of the upper confining layer would be about 264,000 years
and that of the entire upper confining layer would be about 2,880,000 years
under unit gradient. Table 2.7-8 sumparizes the confining layer properties
determined by laboratory and field methods as part of this investigation.

The wunderlying confining layer pilezometer (LCP-1) responded to the same
rapid changes in barometric pressure which were measured in overlying
confining layer piezometer (Figure 2.7-21). However, LLP-l alsc showed a
trend toward a very small amount of drawdown (.06 feet) during the aquifer
test.,

Because the vertical hydraulic conductivity of the underlying confining
layer (Pierre Shale), as determined from the laboratory consclidation
tests, is of the same order of magnitude as the vertical hydraulic conduc-
tivity of the upper confining layers (10-:! cm/sec), no drawdown was anti-
cipated in LCP-1 during the test., For this reason, it iz suspected that
the small amount of drawdown observed in LCP-1 is the result of annular
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TARLE 2.7-9

SUMMARY OF CONFINING LAYER PROPERTIES

Red Clay Pierre Shale
Parsmeters {UCP-1) (ILCP-1}
Coefficient of compressibility, a. 3.99x10-7 5.13x10-7
(cm?g/)
Specific storage, S¢', (cm?) 3.08x10-7 2.78x10-7
Diffusivity, ', {cm? /sec) 1.13x10~¢ 5.22x10-2
Vertical hydraulic conductivity,
Kv' , (cm/sec)
Lab Data 3.49x%10-11 3.83x10-1t
Field Data R 1.45x10-¢
Hydraulic resistance, c, (years)
Lab Data 830,200 (23 31,929,000
Field Dats R 799,300
Porosity (percent) 31.8 32.5
Travel time (years)_
Lab Data 264,000 (22 258,700
Field Data o 10,377,000

1) Red Clay Member only - total overlying confining layer = 8,884,000.

{2} Red Clay Member only - total overlying confining layer = 2,860,000,
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leakage between the borehole and the packer which was set to hydraulically
isolate the piezometer tip from the overlying Basal Chadron Sandstone. If
the pecker did not completely seal the borehole above the piezometer tip,
the piezometer would be affected by the pressure drop in the pumped aquifer
which would be transmitted by the annulus leaks. Thus, the response of the
piezometer would be the result of borehole-pecker annulus leaks. If this
were the case, the Neuman-Witherspoon analysis of the piezometer water
levels would only serve to quantify the vertical leakage or hydraulic
conductivity of the packer and borehole seal, not the vertical hydraulic
conductivity of the underlying confining layer. Recognizing that this
problem may exist, a Neuman-Witherspoon analysis was made of the water
level data from LCP-1.

Results of the laboratory consolidation test data from two core samples
from LCP-1 are shown earlier in Table 2.7-4. The calculated average coef-
ficient of compressibility, av, of the Pierre Shale is 5.13 x 107 cm? /g
and the calculated average vertical permeability is 3.63 x 10-!'! cm/sec.
Using these con'solida.tion test data, the calculated specific gtorage of the
top 5 feet of the underlying confining layer (Pierre Shale) is 2.78 x 10-7
cmt and the calculated hydreaulic diffusivity is 5.22 x 10-% cm? /sec.
Applying the Neuman-Witherspoon Method to the data from the aquifer test
and the consolidation test, produces a field vertical hydraulic
conductivity of 1.45 x 10°% cm/sec. O©Oil test holes have shown that the
Pierre Shale is approximately 1200 feet thick in the vicinity of the
aquifer test gite. Therefore, the calculated hydraulic resistance, <,
using field measured vertical hydraulic conductivity, is about 789,300
years. The calculated hydraulic resistance using the vertical hydraulic
conductivity caloulated from the laboratory consclidation tests ig about
31,929,000 years. The average porosity of the Pierre Shale calculated from
the consolidation test data is 32.5%. Therefore, the travel time through
the Pierre Shale would be about 258,770 years using field determined
vertical hydraulic conductivity and about 10,377,000 years using laboratory
determined vertical hydraulic conductivity under unit gradient.
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Overlving Aquifer

The overlying aquifer monitor well, BMW-1, showed no response to the
pumping from the Basal Chadron Sardstone during the aquifer test [Figure
2.7-21). However, thiz well d4did respond to barcmetric changes that
occurred during the aquifer test which confirmed that it was functioning
properly. Because BMW-1 did not respond to pumping, it is evident that the
overlving aquifer is not in hydraulic comunication with the Basal Chadron
Sandstone. ‘Therefore, no further analysis was made of the test data from
BMW-1.

The results of this investigation show that the Bassal Chadron Sardstone,
| which is the ore-bearing squifer at the Crow Butte site, is a2 non-leaky,
confined, slightly-anisotropic aguifer. The effective transmissivity of the
Basal Chadron Sandstone is 2726 gpd/ft. The average thickness of the aqui-
fer at the test site is about 40 feet. Therefore, the average hydraulic
conductivity is about 88 gpéﬁfti {9.10 ft/day). The average storastivity is
1.04 x 10-¢. The azimuth snd megnitude of the major axis of trensmissivity
are about 5l° and 2760 gpd/ft (369 fti/day). The szimuth and megnitude of
the minor saxis of trensmissivity are shout 141°  and 2882 gxd/7t {380

£t j/dayl.

The piezometric surface of the E Sardstone is approximstely 485
feet above the top of the aquifer. The piezometric surface of the over-
lying aquifer is about Z04 feet above the top of the Brule Sand. The
difference between the piezometric surfaces of the two aguifers is about 59
feet. This fact plus the fact that BME-1 did not respondd to paming from
the Basal Chadron Sandstone, are evidence that the Basal Chadron Sandstone
is confined and that it is not b

aquifer.

aulically connected to the overlying
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Integrity of Confinement

Confined aquifers may receive small samounts of water through vertical
recharge from the confining layers. Even confining layers formed of very
low permeability mey yield small amounts of water if the hydraulic gradient
in the aquifer-aquitard system is favorable. The aguitards which overlie
and underlie the Basal Chadron Sandstone probebly yielded scme small amount
of water as recharge (leakage) to the aquifer during the pumping of the
aquifer test. However, the amount of this recharge or lenkage was extremely
small as evidenced by the piezometer responses and the drawdown analysis of
the Basal Chadron Sandstone. The overlying confining layer piezometer did
not show any response attributable to the pumping. The underlying confining
layer piezometér did show a maximum drawdown of 0.06 feet about 4300 min-
utes after pumping began. However, it is suspected that this small amount
of drawdown is attributable to leakage at the annulus of the pecker and
borehole rather than to leakage f{rom the confining layer.

The lack of substantial drawdown in the confining layer piezometers is
attributable to the extremely low vertical hydraulic conductivity of the
confining layers. The vertical hydraulic conductivity of the overlying con-
fining layer is about 3.49 x 10-!! cm/sec.,, and that of the underlying
confining layer is about 1.45 x 10-® to 3.83 x 10-!% cm/sec. Confining
layers with vertical hydraulic conductivities this low are, by definition,
called aguicludes, rather than aguitards.

The integrity of confinement of the ore-zone aquifer (Basal Chadron Sand-
stone) may be characterized most graphically by the hydraulic resistance,
c. The calculated hydraulic resistance of the entire thickness of the
overlying aquiclude iz about 8,994,000 years and that of the underlying
aquiclude is between 799,300 years and 31,900,000 years. The times needed
for a given water molecule to travel through the entire thicknesses of the
aquicludes under unit gradient (one foot of head loss per foot of movement
in the direction of flow) are about 2,860,000 years for the upper aquiclude
and about 260,000 years to 10,377,000 years for the lower. Because the
gradients would be much smaller during mining, actual travel times would be
mich longer than those stated asbove.
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Movement of Groundwater

The piezometric surface of the Basal Chadron Sandstone dips approximately
to the north at a gradient of 7.84 x 10-% which is equal to 1 foot per 1275
feet. Using a directional hydraulic conductivity of 8.11 ft/day, a
grad.i.ent 7.84 x 10-% and é porosity of 29 percent, the average pore
velocity across this part of the commercial study area is about 9.00
ft/year. The groundwater flux across the test site was computed to be
about .28 ft?/day per unit width of the aquifer. (Darcy, 1858).

Bxtent of Iovestigated Aren

Using the Cooper-Jaccb Distance-Drawdown Method (Cooper and Jaccbhb, 1846),
the radius of influence of the aquifer test in the Basal Chadron Sandstone
was calculated to be about 5000 feet. Therefore, the area investigated and
characterized by this test is approximately 1803 acres.
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