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L At Fer Tent:

A second multiple-well aquifer test was performed in the minerslized area
near the northern boundary of Section 18. This test wes part of & hydrogeo-

geologic investigation of the commercial ?@rﬁit ares north of the R&D site.

This investigation consisted of: (1) & review of exisiting geologic and
hydrogeologic data; (2) design of an appropriate aquifer test: {3} design
and consiruction of an appropriate well array for the aquifer test; (4}
lsboratory testing of core samples from confining layers: (8} conducting
the aguifer test, (6} analyzing the aguifer test deta, and {7} interpret-
ing the results. This hydrogeclogic investigation was structured to address
environmental and operstionel guestions pertinent to ISL ursnium mining at
the site. Specificelly, the requirements @uﬁiingé,hy the Muclesr Begulatory
Commission (NRC) in RHegulatory Guide 2.486, Section 2.7.1 and Draft Staff
Technical Position Paper %ﬁmEZGS, Section 3.1.2. Therefore, this hydrogeo-
scterization of the hy-
dreulic properties of the orve-bearing sguifer, and the hydraulic relstion-
ship of the aguifer to the overlying and underlying confining strata and
the overlying sguifer. The aguifer test site is lecated near the north
v of Section 18, T 31 N, RS1 W, Dawes County, Nebraska. This site
is approximately 2800 feet north of the R & D site (Figure 2.7-7}.

logic investigstion wms oriented towsrd the cha

Tre uranium-bearing aguifer iz formed by 3 coarse-grained arkogic sandstons
which is locelly kmown sz the Bassl Sandstone Member of the Chadron
Formation. The 1 Sardstone iz belisved to be the depcsitionsl product
of & large, vigorous, braided-stresm system which occurred during the early
Oligocene sge (approximately 38 o 40 million yesrs before present).
Regionally, the thickness of the Basal Ssrdstone ranges from ¢ to 350 feat.
Bxploration drilling in the vicinity of the test zsite shows that the
al Ssndstone is approximstely 40 feel. AL the test
tone is approximately 580 to 600 feet below gre

on Formation liess with marked wnconformity on top of the

average thickness of Be
site, the ]
surface. The Chads
Pierre Shale.
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The Pierre Shale of laste Cretacecus sge forms the underlying confining
layer for the Bessl Chadron Sas
gray to black marine shale which is essentially impermeable. Regionally,

stone. The Plerre 1s a wide-spread dark-

the Plerre Shale is up to 5000 feet thick. In Dawes County, deep oil test

holes have encountered thicknesses of 1200 to 1500 fest of Plerre Shale.

The clays, claystones, szxl siltstones of the Middle and Upper Members of
the Chadron Formation and the Lower Brule Formation Torm the overliying
confining layver for the Basal Chadron Sandatons., At the test site, the

overlying confining layer is sporoximately 315 to 328 fest thick,

sae of Investigetion:

The purpose of this hydregeclogic investigation was to accurately charac-
terize the hydrogeologic regime of the commercial permit area north of the
R&D site as it perteins to ISL wranium mining. The specific objectives of

this investigation wers to!
o confire confinement of the ore-bearing sqguifer,

o determine the trensmissivity, hydraulic conductivity, and storativity

of the ore-besring asguifer,

o determine the azimuth and magnitude of the msjor syl minor axes of

transpissivity in the ore-Desring aguifer,

¢ use the Neumn-Witherspoon Method to determine the vertical hydraulic
comcductivity under in situ conditions, of the confining lavers which
overlie and underlis the ore-bearing aguifer.

In sddition to its use in the ercial permit spplication, the

informetion gathered during this investigation mey be used for:
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design of the commercial wellfield,
selection of commercial production perameters,

design of the groundwater monitoring system,

<
o
o
o

predictive analyeis of the mining =and restoration efficlency.

The aquifer test program was desimned to quantify the hydrogeologic para-
mended by the NRC in Regulatory Guide 3.468, Section 2.7.1, and
Draft Staff Technical Position Paper WM-8203. Specifically, this test was

meters re

designed to allow anslysis of the confining layers by the Neumen/Wither-
apoon Method (1872} which is currently considered by the NRU to be the most

nly associasted with uranium

applicable to aquifer-squitard systems
deposits.

Configuration of Well Array:

The well array used for the aguifer test consisted of five wells and two

el g shown in Figure 2.7-8. ALl of

high-sensitivity pilezometers confis
the wells and piezometers used to perform this test were constructed during
April and May, 1987 sﬁeﬁifia&iiy for use in this test. The locatlon and
completion details of these wells and piezometers sre shown on Tables 2.7-2
ard 2.7-3. One pamping well {CP¥-1) and three observation wells {[O0W-1,00W-
Chadron Sand-

atone) . These wells were screened through the entire thickness of the agul-

27 (CM-3} were completed in the ore~bearing squifer {Basal

fer (fully penetrating}, (Figure 2.7-8). The three observation wells wers

located in en equiangular arrangement avound the central pumping wall {Fig-
gure 2.7-8), This configuration provided the data needed to define the mag-
nitude and direction of the msjor and minor axes of tran
fsaivity, the hydraulic conductivity, and the storativity

missivity, the

affective i3

of the ore-besring aguifer.

2.7(18y 07/29/87



M 498200 k :

Tinan ® 2760 gpd/ie.

SO -3

U{;?zi
N 498150

M AFEI00 ~

] % T v 2692 god /52

+ A78050~ BEEW <t -

COE-1

A

5478000

EW9THS0
£ Y097 700~
EI097T50
E W0F300 -
E 1097850

EXPLANATION:
. SUBFACE LOCATION OF WELL
» BOTTOMNOLE LOCATION OF WELL
DIEECTION AND MAGHNITUDE OF MAJDR AMD HINOR ;:,:é FERRET OF NEBRASKA, INC,

AEI5 OF TRANSMISSIVITY CF BARAL CHADRR SANDITOME,
CROW BUTTE PROJECT
Dawes County, Mebrazha

g 50 FEET

AQUIFER TEST WELL ARRAY

PREPASED BV E B N,
g BV | C |DME B/S/ET |PGUSE 3 7-§

3]
»
nd
e
s
)
St
[
o)
e,
P

9/87%



£L ¥6LILB0 T

86 OVEE 20708t 98°L81°896%  VI"66L°L60°T L0904 Ih pé 6L°181°96% L-dK
287988 91°¥E8E SOLST'86F  25°8LY°L60°T 8% ¢+ gECZE Ly 9s1‘a6y  61°9L9°480°1 [~dn
z8"1b8e S8° 68 BO'OPOSE6F  09°0LL'L60°L 64" ¢ E9°TF  ZESHO'BBE  L6°89L°LE0T [ Rs 1
9g°Zree o% 098¢ 99°6L1°86%  vO'LOB'LE0°L 6L~ 61° - G0°LLI'86Y £Z°c08°L60°1 £~MOO
15°5¢8¢ 19°¢E8E L5°291°86F  20°889°L80°YT €62~ 68" 1+ 06°¥9L 86y €17 189°460°1 &-M00
9Z°Zpec 12°0p8E LL°UE0°R6Y  SETLLLAG0°T  29°2- Z0°E+  BEUBE0'8EY  EETRLLCLE0°( =800
GL°gees 95" LEBE 9296186y 99°0GL°L60°L 201~ v9° - gerLei’eey 027 LGLTL60"Y T-#d3
(33) womEssTy (1)) GOTIRASTH ) | N ] H | 1158

Burwwy Jo doj,

{13} sswuTpIon)
@ [ OY -8} Of

{33) worIRTAs]

ENDLEVIOT TINM

07729787

o,

20



B 8¥LE CE5TeE 06°99 [ira: 02 apriotnby Jeno 029-818 -1

L°OSLE 026" Y82 94°08 A gz epnioinby asddn  258-68% 140N
0°B08BE oG1 141 L2°16 £9Z G ¥ asjinby aaddn 092-4% T~
pBYLE o1L"6¥ £6°09 029 G uoJpEyy 1e6%Y $19-54% £-HCO
£ 6YLE 069" 682 01°8L £19 gy ucapwy)y [eseq 015-59% Z-MOO
VoEVLE 0% " 891 pa° 101 0E9 Sy uoIPEY) [eseg $29~58% T-HO0
£ 6VLE e S L1 G uoIpEY [esRyg Z219-24% 1-MdO
FH7EE70) It 8A0gw 3] Ut arizy  (33) souwistg  (14) g {wy) o1 WIRINE {337 090 e
SOuPING OTI}BWOTI T {@1oym0y30q) Te0f  97ig Fuiwey worjeydmo)  yeasegul wedQ
310 BOTIRADTH Mgl WoAg

EIIVIN0 MOLIA L0001 T

£-1°7 TV

©7/2%/87

2.7(21)



PUMPING WELL
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One monltor well (BMW-1) wms completed in the first overlying sand of the
Brule Formation {(Figuwre 2.7-8). Well DBMW-1 ig also screened through the
entire thickness of the sguifer {(fully penetrating). This well was uged to
monitor the water level in the first overlying sand during the aguifer
test,

Two small-dismeter,  high-sensitivity piezometers (UWP-1, LLP-1) were
completed in the confining layers which overlie and underlie the
ore-bearing sguifer {Figure 2.7-8}. These plezometers provided the dats to
calculate the vertical hydraulic comnductivities of these confining layers

under in-gitu field conditions.

Yell Crnetruction and Cospletion Teod

411 well snd piezometer boreholes were drilled with & conventional rotary
drill rig using s bentonite based drilling fluid. The borehole was drilled
" to the sppropriate depth and was geophysically logged. The log suite

comsisted of 2 goome log, & reaistivity leg, & neutron log and s deviastion

survey. The gecphysical logs were then used to determine the exact

completion interval of each well or piezometer.

The pumping, observation and monitor wells were completed by & single stage
or integral completion method. Figure 2.7-10 i3 8 schematic of this
completion method., Thiz method consisted of drilling s nominal 8-inch
borehole to the desired depth. Next, a string of 4.5-inch diameter
Yelomine casing with the desired length of soreen attached to the lower end
waz placed in the hole. A cement basket was attached to the blank casing

just above the screen to exclude cewment from the screen interval during

cementing. The cement was then m 1 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 sbove the cement basket and was directed by the cement
hasket back to the surfeace through the sannulus 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 I1.D.
Yelomine casing and a porous stone tip. The porous stone tip was two feet

2.7{(23) 07/29/87



WELL COMPLETION METHOQOD
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The average hyvdrsulic conductivity of the entire gsystes was fomd to be
almogt the same as  the hydraulic conductivity of the Red Clay.
Furthermore, from the anslvsis of the squifer/aquitard intermction from the
formation consolidation standpoint, it is appesrent that during the period
of the pumping test, the water released from the upper aguitard is entirely
from the Red Clay. Pore pressure changes at the bottom of the Red Clay did
not propagate through the clay into the overlying sandy claystone over the
pomping test pericd. Applying the theory of consolidation {Scotit, 18583;,
the wvolume of water which could be liberated from the Red Clay under
induced drawdown was calculated from the relationship:

¥ “%;t
Where:
& = volume of water relessed from the confining bed during the tinme t©
%v = vertical wiic conduntivity of the confining bed
w = unit weight of water .
= induced o e in effective overburden pressure, propovtional fo

mmm {s = U/fw

Cy = coefficient of consolidation

t = time since drawdown ccourred

s = drawdown
The analysis showsd that Hed Clay could relesse one gallon of wster per ons
foot of dresadown per acre during the 2.09 days {i.e., during the entire

pumping  test). Using the values of drawdown for a given distance from the

b

pumping well presented in Figuwre 2.74-8 and the volumss of water which
could be released from confinement, the overall contribution from aguifer
upper confinement to the flow produced during the pumping test wss
loulated. The results of calculstions are also illustrated in Figure
2.74~8, The volume of weler relessed from the Bed Clay during the pumping
test wes thus computed o be about 1,000 gallons. This constitutes
approximately 1.4% of the overall flow produced during the pumping test.

The contribution from the Pierre Shaele owing to its lower hydraulic
corductivity {approximstely one order of mitude less '%‘:ém the upper

confinement}{Table 2.74-8) would be significantly smaller - about 0.06
gallon of water per foot of drasxiown per scre - during the entire pumping
test. Figure 2.74-9 illustrates the relationship betwesn volume of inflow

2.7A028)  12/04/87
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Huliburton meters which measured both Flew rate and volume were installed
in the discharge line to measure lInstantaneous discharge rate and
cumulative dischurege volume. Only one meter was used at any onge time,

keeping the second in reserve as a backup.

The discharge line extended about 400 feet from the wollhead to prevent
discharged water from leaking downward and recharging the shallow overlying
aquifer. The three Chadron cbservation wells {COW-1, CO%-2, and COW-3),
the overlying moniter well (BMW-1), and the two confining laver piezometers
(UCP-1 and LCP-1}) were cquipped with clectronic pressure fransducers,
These six pressure transducers were connected to a computier—controlled
datalogger which autematically recorded the water levels 1in each well at
specified time Intervals. A seventh electronic pressure  Lransducer was
used te measure barometric pressure which was also recorded by the data-

logper cach time the water levels were recorded.

Acuifer Tesgt

The pumping phase of the aquifer test began at 12:47 on June 30, 1987 and
concluded at approximately 12:47 on July 3., 1987. Thus, the iength of the
pumping phase of the test was 4322 minutes, or about 72 hours.  Just orior
to the start of the pumping, static water levels of all the wells wore
measured  and recorded {Table 2.7-5). The recovery phase of the test began
at 12:47 on July 3, 1987 and concluded at 13:17 on July 8. 1987, which is a

period of 4350 minutes, or 72.5 hour:

£

cgey

fhe average discharge rate during the pumping phase of the fest was 47.74
gpm  and the total veolume of water discharged was 208,288 gallons.
Throughout the pumping phase, the discharge rate was regularly monitored to
insure that 1t remained constant. Tables 2.7-8 and 2.7-7 resent the
recovded drawdown and recovery data corrected for changes in barcmetric
pressure. The static water level in the pumped well was approximately 484
feet above the top of the aguifer. The calculated maximum drawdown in the
pumped well was 36,86 Ffeet, which is approximately 447 feet ahove the top
of the aguifer. ‘Therecfore, the aguifer was under confined conditions

throughout the test,

g.7(28F 03/15/88



TABLE 2.7-5

STATIC WATER LEVELS

Static Yater Level 8/30/87

Well {ft. above MSL}
CH-1 e &
=1 3748.5
OOW=2 3748.5
COW--3 ' 3749.5
BMW--1 3808.2
UCP=1 3751.3
Lop-1 3749.4

* Could not measurs water level because pump wes in well,

2.7(28y Q7/29/87
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No eguipment failures or interruptions occourred during the sguifer teat,
However, barometric pressure did vary considerably during the six-day test
as the result of the passage of & low pressure system and a cold front with
associsted thunderstorms and subsequent high preséure, /

ANALYSIS OF DATA

Apalvtical Methods

To accomplish the goasls of this investigation, the following methods of

snalvsis were used:

@ Theisg’ Non=Eouilibrium Method  (Thels, 1938} for mnalyzi
non-equilibrium pumping test dats.

o Theis' Recovery Method {Theis, 1938} for anelyzing recovery test data.

o Jacoh's Modifisd Non~Equilibrium Method (Cooper and Jaccobh, 13483 for
srelyzing non-equilibrivm pumping test data,

o Cooper and Jacob’sz Distance-Drawdown Method (Cooper and Jacob, 18948}

for determining redius of influsnce.

Hantush’s Methed (Hantush, 1888} for determining the megnitude and

[&)

direction of the melor the minor horizontal axes of trensmissivity in

an anisobtropic aquifer,

o Neuman and Witherspoon'’s Method {(Neuman and Witherspoon, 1872} for
determining the hyvdrsulic diffusivity and vertical hydraulic

conduetivity of confining layers.

o Dmrcy’s law (Dercy, 1886} to determine the average pore velocity and

the groundwater flux scross the agquifer test szite.



o Standard Consolidation Test {ASTM 1988} ¢o determine the coefficien
of consolidation, coapression index, coefficient of compressibility,

and vertical hydrsulic conductivity of the confining laver.
From a practicsl viewpoint, the field conditions at the test site met all
the sssumptions and conditions necessary for these analytical methods to be

spplicable and valid.

Results of Analvais

The Jacob Non-Equilibrium Method, the Theis Noa-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 type of analysis was made because leskage effects were not

apparent in the test datas and the plezometric surface is well above the LOp
of the aguifer. Inspection of the results of the analyses verifies that

these assumptions are valid.

The transmissivities calculated from the drawdown data from the three Basal
Chadron Sandstone observation wells ({O0W-1, COW-2, COW-3), ranged from
2682 gpd/ft {358 fri/day) teo 2795 gpd/ft (374 ft2/day). The storage
coefficients for these wells, calculated from the same analyses, ranges
from €.44 x 10-% to 1.31 = 10-¢. The transmissivities calculated from the
recovery data from the three observation wells are slightly lower, rangin
from 2804 gpd/ft (348 ftd/day) to 2659 gpd/ft (255 fu?/day). The lower
ansmissivity wvalues calculated from the recovery data are probably the
result of the varistion in the storasge coefficient during pmping and
recovery. In theory, the storsge cosfficient is asssumed to be constant
during both the pumping snd the recovery phases of an aguifer test, This

sssugption is true if the aquifer is perfectly elastic. In practice,
however, & confined aquifer is usually not perfectly elastic. Therefore,
it will not rebound verticslly during recovery of water levels {recovery of

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

iz decreased during the preceeding pumping. Therefore, the storage

2.7(37) 07/28/87
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coefficient will vary and is likely to be larger during pamping than
during the subsequent recovery {Jacob, 1883). Thus, transmissivity velues
caloulated from pumping data sre commonly larger than those calculated from

recovery data.

The average thickness of the aquifer at the test site is 40 feet.
Therefors, the hydraulic conductivities calculated from the drawdown data
canges from about 67 gpd/ftt (8.96 ft/day) to about 70 gpd/ft? (9.34
f/day). The hydraulic conductivities calrulated from the recovery
dats ranged from about 65 gpd/ft* (8.7 ftsday) to about 66 gpd/f¢? (8.89
ft/day} Table 2.7-8 sumarizes the resulls of the analysizs of the aguifer
test data.

The Hentush Method For Anisotropic aquifers was uged to determins the
direction and megnitude of the major and minor axes of transmissivity of
the Basal Chadron Sandstone. The major sxis of transmissivity in the Basal
Chadron Sandstone lies along an azimuth of about 51° and has a magnitude of
2760 gpd/ft (3868 £¢2 /day) (Figure 2.7-8). The minor axis of transmissivity
has an azimuth of about 141° and a magnitude of 2682 gpd/fr 360 £i2 /day.

Overlying snd Underlying Confining Layers

The overlying confining layer piezomster {UCP-1} showed no response to the
pumping from the Basal Chadron Sandstone during the aquifer test (Figure
2,7-21), However, thiz plezometer did respond to the rapid changes in btaro-
metric pressure that sccompanied the passage of a low pressure sysies 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 caleulate the hydraulic properties of the
upper Q@ﬂiiﬁiﬁg laver using the Neumsn-Witherspoon Methed. Therefors,
isboratory data from the consolidation tests of core samples from UWP-1
were used to calculate the hydraulic properties of the overlying confining

laver.

2.7(47y 07/29/87



TABLE 2.7-8

[FER~THEST DATA ANALYSIS

Jacob Method (Drasadown

Well T {gpd/fe} T (£t /day) g ¥ {gpd/fe2} H (fe/day)
CO=-1 2882 358 B.B5¥10-3 87 8.98
=2 2687 358 1,18¥10-4 87 £.98
COM=3 2795 374 $.73¥X10-58 70 4,35
Average 2721 384 9.83x10-3 68 2,10

Theiz Method {(Drssedom)

Well T {gpd/ft) T (£t /day) g K (gpd/fri) K {ft/dag}

OOW-1 2730 185 B.44X10-3 58 3.13

O0W=2 2733 385 1.11X10- 88 9.13

OO -3 724 384 1.31¥10-¢ g8 .10

Averags 2728 365 1.0Gx104 88 .12

Theis Becovery Method

Well pd/ L) T {(£¢2 /day) E {gpd/fe2) R (ft/day)

COM-1 2853 385 88 8.88

O0M-2 2826 351 686 8.78

-3 2604 348 85 8.70

bverage 26360 351 g8 .79
Aversge of Jecob and Theis Methods (Dressiowsn) #

Wel T {ppd/fey T (012 /daw) g E (gpd/f12) E (ft/day)

-1 2706 362 8.58%10-¢ &8 9.05

COW=-2 2710 382 1.13%10- 88 9.08

-3 2760 364 1.14%10-¢ 89 9.23

Average 2725 364 1.04x10-4 88 g.11

z oy caloulations.

2.7(48y 0Ofs28/87
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Resulte of the leboratory consolidstion test data from three core samples
of UCP-1 are shown earlier in Table 2.7-4. The calculated average coeffi-
cient of compressibility, ae., of the red clay portion of the averlying
confining laver, is 2,899 x 107 cm?/g and the calculated average vertical
hydraulic conductivity is 3.48 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°7 owr! and the calculated hydraulic
diffusivity is 1.13 ¥ 109 cmf/sec. Analysis of drill ocuttings 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 squifer (Upper Chadron and Lower Brule Formations) is
similar to the Red Clay. Therefore, it is reascnable Lo assume that the
hwydrasulic characteristics of these strata are similar to those of the Red
Clay. GCiven that the red clay is approximately 30 feet thick and the total
overlying confining layer is spproximately 325 feet thick, the hydrsulic
resistance, ¢, (Kruseman and de Ridder, 1979} is about 830,200 years for
the red clay and 8,984,000 years for the entire confining layer. The
sverage porosity of the overlying confining laver calculated from the
consclidation test data is 31.8%, thersfore, the travel time through the
red clay portion of the upper confining layer would be sbout 264,000 years
and that of the entire upper confining layer would be about 2,880,000 years
under unit gradient. Table 2.7-9 summparizes the confining laver properties
determined by laborstory and fleld methods as parc of this investigation.

The underlving confining layer plezometer (IR-1)  responded  to the sane
rapid changes in barometric pressure shich were measured in overlying
confining laver plezometer (Figure 2.7-21). However, LLP-1 alsc showed a
mount of drawdown (.06 feet) during the aguifer

trend towsrd a very sme

test.

Because the vertical hydraulic conductivity of the underlying confining
layer (Pierre Shale), as determined from the laboratory consclidation
tests, is of the seme order of maenitude se 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 13 suspscted that
the small mmount of drasddown observed in LCP-1 is the result of annular

2.7(80y 07/29/87



TARLE 2.7-8

MG LAYER
Red Clay Pierve Bhale
{iCP-13 {1L0P-11
Coefficient of compressibility, a« 3.99%10-7 5.13x10°7
femd g/}
Specific storage, Se', {cmi) 3.08x10-7 2.78x10-1
Diffusivity, P, {om? fsec) 1.10x10-4 5.28x10-9
Yertical hydraulic conductivity;
Ke' , {cm/sec)
Lab Dats 3.4%xi0-11 3.83xi0-1t
Fieldiata = ww=== 1.48x10~2
Hydraulic resistance, o, {(years)
Lab Data B3O, 200 (4 31,929,000
Field Data = eeew 789,300
Porosity (percent) 31.8 32,5
Travel time (vears)
Labh Dats 264,000 2 25%,700
Field Istea @ === 16,377,000

ser only - total overlying confining layer = 8,094,000,

er only - total overlying confining layer = 2,860,000,

2.7(81y 07/29/87



e between the borehole snd the pecker which was zet to hydraulically
isolate the piezcmeter tip from the overlying Basal Chadron Sandstone. If
the pecker did not completely seal the borehole above the piezometer tip,
the plezometer would be affected by the pressure drop in the pusped aguifer
which would be transmitted by the annulus leaks. Thus, the response of the
piezometer would be the result of borshole-pscher annulus leska. If this
were the case, the Neuman-Witherspoon eanalysis of the piezometer water
levels would only serve to quantify the vertical leskage or hydraulic
conductivity of the packer and borehcle azesl, not the vertical hydrsulic
conductivity of the underlyving confining laver. Recognizing that this
problem may exist, a Neuman-Witherspoon analysis was made of the water
level dats from LCP-1.

Results of the laboratory consolidstion test data from two core samples
from 1{P-1 are shown earlier in Table 2.7-4. The calculated average coef-
ficient of compressibility, a., of the Pierre Shale is 5.13 ¢ 107 om?/g
and the calculated average vertical permeability iz 3.83 x 10'! cm/sec.
Uzing these cenéelidatien test data, the calculsted specific storage of the
top 8§ feet of the underlying confining laver {(Pierre Shale} is 2.78 x 107
coet and the calculated hydrsulic diffusivity is 5.22 » 1677 omd /sec.
Applying the Neuman-Witherspoon Method to the data from the aquifer test
arnd the consolidation  lest, produces a  field wertical hydraulic
conductivity of 1.48 x 10-¢ cmfsec. ©il test holes have shown that the
Pierre Shale iz approximately 1200 feet thick inm  the vicinity of the
aquifer test gite. Thersiore, the caloulated hydraulic resistance, o,

using field messured verticsl hydraulic conductivity, iz about 799,300
vears. The calculsted hydraulic resistance using the vertical hydraulic
conductivity calculated from the laboratory consolidstion tests is about
31,829,000 3
the consolidation test dats is 32.5%. Therefore, the travel time through
the Pierve Shale would be about 258,770 vears using field determined
vertical hydraulic conductivity and about 10,377,000 years using laboratory
determined vertical hydraulic conductivity under unit grad

5, The average porosity of the Pierre Shale calculated from
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Overlying Agquifer

The overlying squifer monitor well, BMW-1, showsd no response to the
pumping from the Basal Chadron Sandstone during the aquifer test (Figure
2.7-21y. Howsver, thig well d4did respond to berometric changes that
occurred during the aguifer test which confirmed that it was functioning
properly. Because BMW-1 did not reapond to pumping, it is evident that the

overlying aquifer is not in hydraulic communication with the Basal Chadron

Sargiztone. Therefore, no further analysiz was made of the test data from
%‘“1%

The results of this investigation show that the Hassal Chadron Sandstone,
- which is the ore-bearing aguifer at the Crow Butte site, is a non-lesly,
confined, slightly-anisctropic aguifer. The effective transmissivity of the
Basal Chadron Sendstone 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 68 gyéjfﬁz {9.10 ft/dey). The average storativity is
1.04 ¢ i0~¢. The azimuth and o smizsivity
are sbout B1° amd 2780 gpd/ft (389 fti/day). The azimuth and megnitude of
the minor axis of transmizsivity sre sbout 14710 and 2882 g/t {380
fr2 /day).

ritude of the ssjor sxis of tran

The piezometric surface of the Bssal Chadron Sandstone is approximastely 495
feet above the top of the sguifer. The piezometric surfsce of the over-
lying aquifer is about 204 feet shove the top of the Brule Sand. The
differsnce between the piezometric surfaces of the two aquifers is about 58
feet. This fact plus the fact that BM-1 did not respond to pumping from
the Basal Chadron Sandstone, are svidence that the Bassl Chedron Sandstone
iz confined aryd that it is not hydraulically commected to the overlying
agquifer.
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Confined aquifers may receive small smounts of water through verticsl

g2 from the confining layers. Even confining lavers formed of very
low permesbility may yield smell amounts of water if the hydraulic gradient
in the aquifer-aquitard system is favorasble. The aguitards which overlie
and underlie the Basal Chadron Sandstone probably vielded some small amount
of water as recharge (leaksge} to the aguifer during the pumping of the
aguifer test. However, the amount of this recharge or leskage was extremely
small ag evidenced by the plezometer responses and the drawdown mnalysis of
the Basal Chadron Sandstone. The overlying confining layer piezometer did
not show any response attributable to the pumping. The underlying confining
layer piezometer did show a maximum drawdown of .08 feet about 4300 min-
utes after pumping began. However, it is suspected thst this small amount
of drawdown is attributable to leaksge at the annulus of the packer and
borehole rather than to leakage from the confining layer.

The lack of substantial drawdown in the confining layer plezometers is
attributable to the extremely low vertical hydraunlic conductivity of the
confining layersz. The vertical hydrsulic conductivity of the overlying con-
fining layer is about 3.4% x 10-%! eom/sec., and that of the uderlying
confining layer igs about 1.45 x 10-% to 3.83 x 101t cwm/sec. Confining
layers with vertical hyﬁr&aiié conductivities this low are, by definition,

called sguiciudes, rether then souitards.

The integrity of confinement of the ore-zone souifer (Basal Chadron Sand-
stone} ey be characterized most gravhicslly by the hydreulic resistance,
c. The caloulated hydraulic resistance of the entire thickness of the
aguiclude is about 8,894,000 years and that of the underlying

3

overlying
agquiclude is between 799,300 years and 31,300,000 yesars. The times nee

for = given water molecule to travel through the entire thicknessss of the

aquicludes wunder unit gradient {one foot of head loss per foot of movement
in the direction of flow) are about 2,880,000 years for the upper aquiclude
and about 280,000 vears te 16,377,000 vyears for the lower. Becsuse the
gradients would be much smaller during mining, actual travel times would be
mich longer than those stated sbove.
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The plezometric surface of the Bassl Chedron Sandstone dips spproximately
to the north at a gradient of 7.84 x 10-¢ which iz equal to 1 foobt per 1273
feet. Using =& dirsctional hydraulic conductivity of 2.11 ft/day, =
gr&ﬁiemt 7.84 x 10-% and é porosity of 28 percent, the average pore
roial study ares is about 9.00

velocity across this part of the com
ft/year., The groundwater flux across the test site was computed to be
about .28 £t?/day per unit width of the aquifer. (Darcy, 1836}.

rnt of Inventimated Ares

Using the Cooper-Jacob Distance-Drawdown Method (Cooper and Jacob, 1848},
the redius of influence of the aguifer test in the Bessa] Chadron Sandstone
was calculated to be about 5000 feet. Therefore, the ares ilnvestigated and
characterized by this test ils sporoximetely 1803 ascres.
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