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First Acuifer Test

The first squifer test was conducted in the R&D wellflield during November,
1982. The pumping period was 50.75 hours and the recovery was monitored
subsequently for 27.8 hours. Water levels in four production zone
chservation wells and two shallow Brule monitor wells were monitored. The
following sections describe ‘the results of that test and the methods of
analysis used. Figure 2.7A~1 shows the relative locations of the wells

used in the aquifer test.

Aguifer Test Well Pattern. The wells used for the aguifer test were located
so that they could be incorporated into the pilot wellfield. Four of the
R4&D pattern wells were drilled and completed in the lower 15 to 20 feet
(4.5 to 6.0 m} of the Basal Chadron Sandstone. They are numbered PT-Z,

Pr-7, PT-8 and PT-8. Two of the production zone monitor wells were also

drilled and completed in the same horizon. These two production zone
moniter wells sre designated Pl and Pi-4. In sddition to the production
zone wells, two shallow aguifer monitor wells were installed into saturated
upper sands of the ocutcropping Brule Formation. The deeper of the two is
-5 and the other is assigned the number Pi-T.

The original completion method used for the wells was the integral screen
and cement basket completion. Some difficulties with the original 4 inch
{10 om! screen made it necessary to install 2 inch (5 cm) telescoping

liners inside the 4 inch {10 om} to contrel sand production,

Table 2.74~1 liste the completion details for the pump test wells along
with their distances from the pumping well, PI~7. The Chadron wells are
completed only in the lower 15 to 20 feet (4.5 to 6.0 m) of the Basal
Sandstone which hes & total thickness of 30 to 45 feet (8 to 14 m). The
effects of spherical flow as & result of partisl penetrstion of the aquifer
by the well screen are most apparent in the vicinity of the pumping well.
A8 & general rule, horizontal flow conditions sre assumed to exist al
distances from the pumping well greater than 2 times the total agul fer
thickness. For this situstion, the drawdown dats from wells at a distance
of more than 50 o 90 feet {18 to 27 m} should be free from the influence
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TABLE 2.7A=-A1

Total Centralizer Basket Screen Distance To
Well Depth Depths Depth Interval Punping ¥Well
Ho, {(T1} Fey {78} {ft} {fe)
P-1 674.3 840,540,140,320,240, 645 544,5-669.5 284

160,120,680, Top

Pt 674.5 10,40,80,115,213 537 641.5-646.5 289
315,415,515,615 £54.5-669.3
P16 217.3 0, 60, 110, 180 183 196.0-211.90 35
PM-7 128.5 0, 10, BU 85 89.5 - 84.5 35
9.3 -104.5
108.0-114.C
119.5-124.3
Pr-2 665.6 i0,60,80,118,219, §41 £41.0~656.0 93
319,41%,518,618
FT=7 B72.5 20,80,120,230,330, 618 £4%.0-864.0 4
430,530,830
P8 674.5 £36,330,430,330, 830 653.0-6868.0 g4
230,130,7C,30,8
PT=-9 630.5 10,30,90,140,240, 636 655%.0-674.0 68
340,440,540,540
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of ypartial penetration. Well number PI-9 iz the only production zone well
closer than 93 feet {28 m) and PT-9 was not monitored during the aguifer

test because of screen plugging.

The static water levels for the test ares are given in Table 2.74~2. As can
be seern, the piezometric surface is essentially fiat across the test

patiern.

Pump Test. The center well of the pattern, PI-7, was equipped with a 7-1/2
HP suh@grgible pump which wes set at a depth of 620 feet {189 m}. The pump
discherge line was 1-1/4 inch iron pipe. Power was supplied by a 20 EVA
diesel driven generator which ran continuously for the durstion of the

test. A one inch (2.5 cm} diaphs

n valve was used as a flow control valve
and two Badger flow totalizers were installed in the discharge line to
meter the flow. éﬁly one flow meter was used at any one time, keeping the
second  in reserve. The discharge line from the flow meters exterded 500
feet (152 m} from the well head to insure that le&k&ée dosm into the

shellow aguifers did not ocour.

©2.7AL4)  07/28/87



TABLE 2.7A~2

STATIC WATER LEVEL IN THE CROW BUTTE
R & D PROJECT AREA

Water Level
Elevation %

Well Mo. : sguifer {fect-msl}
P-1 Chadron 3734.3
P-4 Chadron 3754.4
P-6 Brule 3843.3
P Brule 38435.9
Pr-2 Chadron 3734.8
Pr-7 Chadron 3754.2
Pr-g Chadron 4754 .4
PT-9 : Chadron 3754.6

¥ Memsursed January 10, 18983,
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2 to monitor fluctuastions

4 recording bes
in stmospheric pressure during the test. HMeasuremenis of the water levels

meter was set up near the test s

in the pilot ares wells were also ms for a pericd of 8 days after the
aquifer test wells had returned to static corglitions. These datsa were
compared with the variations in stmospheric pressure U0 determine the
degree of correlation between stmospheric pressure and hydrostatic head in
the saguifer. The berometric efficiency of the aquifer can e estimated by
dividing the changes in water level by the concurrent changes in berometric

pressure.

Each of the observation wells was equipped with an electric water level
indicator and most measurements in esch well were mede with the same in-
strument. During the early stages of the test, =a person was gstationed at
each well to take the measurements in rapid succession. Pumping began at
7:15 &M on 11/18/82 and was discontinued at 10:00 AM of 11/18/82; = pericd
of 50.75 hours. 4 discharge rate of 24 gpm (91 l/min) was chosen for the
test. The overnll average flow rate was 23.8 gpm (50 l/min) and the fluc-
tuations were generslly less than 0.3 gmm (1.1 l/min)} or 1.3 percent. Water
level measurements were taken st 1, 2 and § minubes, then st 5 minute in-
tervals for the first 30 minutes of the test with regularly increasing in-
rervals to 4 hours after 24 hours of elapeed time. Drawdosns were generally
smooth and symmetrical and there were no eguipment failures or ilnterrup-

tions in the fest.

Mothode of Deta Anslveis

Five different approaches have been used to analyze the date from the pump
test. The original permit sapplication included snalyses based on Theis’
Nonequilibrium Method, the Modified Jacob Nenequilibrium Method, and Theis’
Recovery method. These snalysis technigues, all sssuming no lesksge, were
chosen based on the geology of the site. ' '

2,746y 07/2/87



Implicit to the sapplication of these types of anslyses are & series of
sesumptions that must be considered of the results, The sssumptions
underlying the methods used herein are listed below.

- The sguifer has seemingly infinite areal extent,

- The squifer is homogeneous, isotropic and of uniforn thickness over
the area influenced by the pumping test,

- Prior to pumping, the piezometric surface is nearly horizontal over
the arem influenced by the pump test,

4 at a constant discharge rate,

« The agquifer iz g
d well penetrated the entire sguifer and thus received

smter from the entire thickness of the agquifer by horizontal flow,

- The water removed from storage is discharged instantanecusly with
decline in head,

- The sguifer iz fully confined (no les
storage},

- The flow to the well iz in umstesdy state,

or deviation from

- Storage in the well can be neglected,
- The argument (u)} of the well function is less than 0.01 {(Modified
Jacob and Theis Recovery methods only).

The first three sssumptions sre seldom entirely satisfied in naiturs,
although small deviations saxe not prohibitive. The fourth sssusption is
more easily satisfied by careful contrel of the puamp discharge rate. The
next qualificatien, of full agquifer penetrstion by the pamping well, is not
practical if the wells are to be used in an im situ mining welifield; bt
by using observation wells at sufficient distances {gremter than twice ths

aquifer thicknesa}, the effects of spherical flow are eliminated. Emperical

evidence from squifer tests has Jjustified the last assumption {constsnt

storage coefficient}.

2.7ALTY  07/29/87



Based on significant deviation of the pump test data from the Thels type

curve in the original enalysis, the USNRC questiéagd the uge of a non-lesky
analysis method on the dasta. In response to those concerns, the dats were
analyzed using a two-gtage fit to the Theis type curve. This two-stage
analysis was based on chsnges in aquifer thickness and permesbility. In
addition, an snslysis of leskage was performed hesad on leborstory testing

of core samples.

After further discussions with the USNRC, the data were snalyzed again us-
ing the Modified Hantush method. This analysis method takes into account
filuid derived from storsge in the confining bedi{s). Since all confining
heds exhibit some leakage or loss from storage, however small, and since
the Theis equation is a special. case of the Modified Hentush equations, use
of the Modified Hantush sasnalysis wes can$iégre§ proper for the dats

availablie.

The water level in well PT-9 did not respond during the pump test. After
the test, the screen was removed from PT-9 and found to be completely
plugged with silt and clay sized material. This material is thought to
have accumilasted due to the use of pumping as the only well development
technique. The screen was replaced and the well is now functioning

properly.

Water levels in the two shallow monitor wells showed no drewdown during the
period of the pump test. Figure 5 7a~2 shows the water level fluctuations
in the shallow wells during the period of the teat. It i therefors
concluded that the confining layers between the production zone and upper

nge. (Note: Well PM-T7 shows s water

water bearing zones do not permit le
level change at the beginning of the test. It was determined that s faulty
probe was being used during the Tirst two hours of the test. Unce this was

discovered, the water levels for the pr of the iteat wers measured

with the proper probel.

2.74(8) 07/28/87
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The fluctuations in water levels in the wellfield were measured after the
test from 12/6/82 to 12/13/82. Those data were compared with the barometric
Qfesgﬁré changes f@rr the same periocd. An estimate of the barometric
efficiency of the aquifer can be obtained from that comparison. Barometriv
efficiency is defined as the ratic of the water level changes in a well and
the rconcurrent fluctuations in atmospheric pressure. Both values are
usually expressed in meters of water as calculated from the data for the 8
day period of measurement. The barometric efficiency of the Basal Chadron
Sandstone was 0.40. A graphical comparison of those data is included as
Figure 2.74-3. The effects of barometric pressure changes are not
noticesble during the early part of a pump test but are often responsible
for the minor fluctuations in drawdown during the latter portion of the
test when the rate of change in drawdown is very small. The following

sections sum ize the hydrologic analyses performed..

Theis® Noneguilibrium Method. Water levels in the ohservation wells con-

tinued to decline for the duration of the test indicating & continuously
expanding cone of depression. Under those circumstances, the unsteady
state methods of analvsis are generslly employed. One of the most common

of these methods is the Theis nonequilibrium curve matching technique.

The drawdown data "s” for each well are plotted on log-log coordinate paper
versus ri/t: where r is the distance from pumping well to the observation

well and t is the time in minutes since the pumping started. The curves

jud]

re then compared to a standard non-leaky artesian type curve which is a

wd

cg-log plot of the "well function” Wiul and its argument u.

e

The results of the Theis curve matching method produce an average value for
transmiseivity, T, of 3,724 gal/day-ft (5.36x10-im?/seci and an average
storage coefficient §, of §.88x10-%. The variation in the four astimated
values of T was less than 4 percent. The results of the Thels analysis are

given in Table 2.74-3,
The results of the analysis of the recovery data are alss presented in

Table 2.TA=3, The aversge value of T is 3,816 gal/day-ft {(5.86x10"'m? /sec)

for this method which is slightly higher than the values from the previous

TALIOY 0T /28/87



FERRET OF NEBRASKA, INC.
CROW BUTTE PROJECT
Dawes Counly, Nebraska

BAROMETHIC PRESSURE

39 ==

T 08

]

it

L]

110 =

{18+

L]

NMATER LEVEL DEPTHIfFI)

PILOT AREA WELLS

HEE S 8 PT-T
W&

ey o ngg’i&s

" PT-8
148 =
&

WELL

g P T~

ggé | | g L 7 ] F
2/8 ¥ & 8 0 i 2 i3 14 FIGURE 2.7A-3
B ¢ ELAPSED TIME (days) FISHER, HARDEN & FISHE

R Y - 3w oon 3 em cm



e »-01X99°G  9E6E s-01%(L°6 y-0I%9G°5  £98¢
e e s -0IXBG° G LEOY s -0IXB2° L p-OIXEL°G  PREE
S s -0IXEL"G v86¢ a-0IXG8° ¢ s-0IX[9°¢  668E
ggggggggg s-01%XLL°S QL0 p-~1XE2" L ¢-01X25°C  Ob8E
e v-0TXL2°G  299¢ ¥-0IXpE" { y-0I%9E°G  LZLE
{oou/m) (13/pd8) {osmga)  (33/pd8)
& & & &

| pouay] £19a009y BTBYL

POREY 8 Qo8

s-01X99°6  »-0IN9L°G  YZLE
¢-01XZL°L  +-0IXEL'S  ZVLE
§-0IXIG°8  9-0I¥LI'G  G6YE
s OIX0Z°T  »--1%GH°G  €6AE
»DIXEZ T o-0IXZH'G  L9LE
{oes/ m) (337
g | L

POtLeR  BTOYE

3&.&2
e

Q772%/87

)

(]

i

s

A



analyses. Here agsin, conditions appesr to be horizontally isotropic. The
fart that the recovery CuUIves do not go precisely through 37" =0 and
intergect the érawdQWE‘axis at = value <0 suggests a slight variation in
the value of S Ffor the drawdown end 87 for the recovery. Thiz can be
expected as no aquifer is perfectly elastic and the rate of rebound often

shows some hysteresis.

Two~-Stage Theis Nonequilibriuvm Anslysis. The value of transmissivity T, is

the product of hvdraullc conductivity k, and the aguifer thickness (bi. It
vas assumed that both of these guantities were virtually constant through-
out the area of the aguifer that was affected by the aguifer-test pumping.
The thickness Ofrthe aquifer at the pumping well PT-7, is 41 feet (12.5 ml.
At a distance of 33 feet (28.3 m} to the north at well PT-2, the aquifer
thickness is 32 feet (9.7 m). Core logs of both holes reveal & marked
change in the grain size and sorting of the material comprising the
aquifer. Grain size and sorting are controlling factors of formation
permeability. Purther examination of the geclogy of the pump test area
shows a chamgé in aquifer thickness from 17 to 49 feet (8.7 to 4.8 m} or
s9%, If the value of k remains constant,  the value of T would then vary
3%, Values for k however, VaIy widely in braided stream deposits like the

fasal Chadron Sand.

Tis variation in both hydrsulic conductivity and aguifer thickness does

not  strictly follow the assumptions implicit in the methods of data
anslysis and therefors must he taken into considerstion. Yariatlions in
aquifer thickness of 30 to 53 percent cannot b2 ignored. Changes in
thickness osn be treated by matching the Thels curve to the sarly and the
iate data independently, caleoulating & T value for sach segment of the
curve. The results of this analvsis are given in Table 2.74-1. The
average T for the early part of the curve is 2,150 gal/day-ft and for the
later part of the curve is 3,760 gal/day-ft. This represents an increase
in transmissivity of approximately 53%, which is compsrable to the changes

in aquifer thickness.

2UTALIIY DT/I9/8Y
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2500

2806

2381

2483
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TABLE 2.74~4

3.0x10-4

2.6x10-8

7. 2102

1.0x10~#

1.8x10-4

JTAL14Yy  O7/28/87
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Modified Hantush Anslysis. In  this anslysis - the following technigues

were used to determine the aguifer/aguitard characteristics:

- Modified Hantush (13683 method for anslyzing pumping test data for
aguifers influenced by storage from leaky confining beds,

- Hantush (1968) method for defining the major and minor axes of
transmissivity in an aguifer.

-  Theory of consolidation [Scott, R.F. 18831,

The following analysis is based on Aguwifer/dquitard Anmalysis, Crow Butte
ISL Ursnium Project by D'Appolonia Consulting Engineers, October, 1983.

Chadron Aquifer.

The Modified Hantush method was applied to calculate the transmissivities

emissivity amnd Storage Coefficient of the

and storage coefficients for the Basal Chadron aguifer. The method is
appropriate for the situstion when part of the flow from the pumped aguifer
comes as a contribution from confining beds. The drawdown versus time -
CUTVES, Figures 2.7A-1 to 2.74-7 give the apparent indication of leakage,
especially n@iiceabis at the late times. The observation wells completed
in the overlying sands of the Brule Formstion do not show response (o the

pumping in the Basal Chadron.

The curve metching technigue was used to analyze the data  from the
ohservation wells. A log-log plot of drawdown versus elapsed time was laid

of type ocurves which charecterize the various possible

4

5

e N . »;....‘;’c"
over the famil

7,

fo

egrees of leakage {rom the saquitard to the pumped aguifer. The curve
which best fit the data by lkeeping the aves persllel was determined
{Figures 2.74=-4 to 2.74-7)., The designation of the {ype curve best fitting
the drasdown values was recorded and an arbitrary peint common to both
graphs was selected. The coordinates of the matching point were recorded.
The following equations were applied to defline the agquifer properties,
using match point coopdinstes:

{Ba. 13

T=_&_  H{iud
T3 s

{Eq. 2} S = 4Ttw/r2
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Where:

traﬁgmissigiiy
pi rate
a?g%‘:ﬁgagtugﬁ?s leaky aguifer function
drawdown :

storage coefficisnt

pumping time

well function ,

distance from pumping well

LRl TR ol R T

B By 89 88 8§ -~ B I

The transmissivity measured at four cbservation wells (PM-1, PI-2, PT-8,
and PM-4 ranged from 308 fer/day to 389 f22/day (2289-2885 gpd/ft) during
the pumping pericd. The storage coefficients ranges from 9.9x10°% o
2.7x10~% (Table 2.74-3).

The drawdown data as shown in Figures 2.7A-% to 2.74-7 do not appear
affected by partial penetretion of the production well, which is in
agreement with the theory (Hantush, 1%61} that vertical flow to a partially
penetrating well is not significant at the cbservation well location when
the distance between the pumping and cobhservation well exceeds two

thicknesses of the aguifer.

2. Directionsl Tre

do not exhibit the same transmissivity in all directions in the horizontal

ssivity of the B m Agquifer. Most aguifers
plane, but rather show some horizontal anistropy. Typicslly, this anistropy
can be described by an ellipse of transmissivity with major and minor axes
corresponding to the directions of maximum and minimum transmissivities.
Hantush (196881 presented a method for defining these axes. The method
requires transmissivity values derived from observetion wells located along
three different radial lines from the pumping well, ard iz a trigonomeiric
£

‘or an ellipse, given three points along 1ts perimeter.

&

2.7A120y 0V/29/87



Mean

387

306

360

2985

2746

2746

2289

2692

9.9%10-3

1.0x10-¢

Z.3xi0-4

2,710

1.78%10-¢



.

In addition to the orientation and magnitude of the major and minor axes,

the method also provides a value for the effective [(or geometric mean)
transmissivity, and permits the calculation of transmissivity in the
direction of flow. If the saturated thickness of the aguifer is generally
uniform, the directicnal hydraulic conductivity of the aguifer will

correspond more or less with the directional transmissivity.

The directional transmissivity for the Basal Chadron aquifer was determined
from four chservation wells. The major axis of transmissivity lies zlons
an azimuth of 2 degrees and has the magnitude of 401 ft2/day 1300C . d/ft:.
The minor axis of ifransmissivity has an azimuth of 92 degrees with . magni-
tude of 280 fti/day (2169 gpd/fti. The geometric mean of transmissivities
is 341 fr2/day (2551 gpd/ft). The éajgr and minor axes of hyvdraulic con-
ductivity coincide with the transmissiviily axes and have megnitude of 10
fr/day and 7.23 ft/day respectively bassed on 2 Basal Chadron Sandstone
nominal thickness of {0 feet over the area tested (Table 2.7A-7}. The £e0-

metric mean hyvdrsulic conductivity is 8.32 fi/day.

3. Properiies of the Amguiterds. The results of the laborstory testing
performed on core samples from the core hole C8C, the only such samples
available, were utilized in the following section of this report. Since no
monitoring wells were installed in the Middle Chedron Formation, no
aquitard permesbility dats are available from the pump test.

H 3

Information from the laboratory tests used in this report include:

&

FYE . T
for Plerre Bhal

i

H
§

- vertical hydravlic conductivity - K = 5.0 3
- goefficient of consolidation - v = 8.3 x 10

= for Red Clay

- vertical hydraulic conductivity - B = 7.8 ¥ £
- coefficient of consolidation = Cv = 1.9 x 10-% om® /sec

= for Sardy Claystone o i . )
- vert:-al hydraulic conductivity = Ky = 8.2 « 107 fi/day
- coetf clent of consclidation - not available
The laboratory test data are summarized in Table 2.7A-8. ‘
4. Analys 3 of the Aguifer/Aquitard Interaction. Exsmination of the
drawdown/: @ curves plotted for cobservation wells indicated that some

leskage from confining beds cocurred during the pumping test. To guantify

2.TAL22y  OV/IB/EY



{ eét!;égy} {ca-sec)

Red Clay T 8xll-" Z2.8xig-te
Sandy Clayvstone 8.2x10-7 2.5%xi0 10
Pisrre Shale 8.8x10~8 2. 4xifert

Coaffecient of
Conmolidationl 2}
Co (o2 fpen)

1.9%i0-3
Mot Aveilable

6,3x10-3

{1} From lesboratory testing on core samples from C6C corshole by Core

Laboratories.

€23 From laborstory testing on core samples from C8C corehols by Woodwas

Clvde Congultants.,
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the aguifer/aquitard intersction which resulted in release of the water
from the confining beds when the drawdown in Basal Chadron aquifer
ocoourred, the following anslysis of aquifer/aquitard interactions were

performed.

To estimate the drawdown as z function of distance from the pumping wells,
a drawdosm-distancs ourve was simulated for the acguifer properties
presented in Table 2.7A-3. The drewdosn equation used to develop the
drawdown-distance curve was based on the modified Hantush theory for a

lesky aguifer:

{Eg. 3}
g = I4T H (u,B)

{Eq. 4}

Where:

drawdown
ping rate ;
ransmissivity [isotropic)
storage coefficient

is e of observation from pusp well
(33 tush lesky well function

well function ;
type curve parameter for lesky aguifer anslysis.

i

§8ES 08 BT BF 3 3k 69

s o eS8 W

1

i
3]

The simulated distance-drawdown curve for Basal Chadron aguifer 1is
presented in Figure 2.7A-8. The cbserved drawdowns are also shown in this

figure: they are in reasconable sgreement with the simulated drawdown.

In the process of estimating the megnitude of leskage from the upper
confinement both the Red Clay and Sandy Claystons, 1.2, ‘twe strata
immedistely overlying the Bssal Chadron aguifer, were examined. Initially
the permembility of the system comprised of the Red Clay and Sandy
Claystone was calculated from the relationship:

{Eg. 5}

Kavw = A7 1 % b7
et Kiozeas

Whers!
K@g = average verticel hydraulic conductivity of the sysiem

¥ b = thickness of the system o
B’ b’ = thickness of the different strata comprising the system
%;2213‘¢§3{23 = vertical hydraulic conductivities of strata comprising
the system.

“b
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The average hydrsulisc conduetivity of the entire system was found to be
almost the same as the hydresulic conductivity of the Red Clay.
Furthermore, from the analysis of the aggif&r?&qaii&rd,interaati@n from the
formation c@ﬁseiidatiaﬁ standpoint, it is apparent that during the pericd
of the pumping test, the water released from the upper aguitard ls 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
pumping test period. Applying the theory of consclidation (Scoct, 1863,
the volume of water which could be libersted from the Red Clay under
induced drawdown was calculated from the relationship!

{Eq. B} ,
2 Kvg’
@ =P wg’?‘? VT
Where:
Q¢ = volume of water relessed from the confining bed during the time ¢t
Ky = vertical hydrasulic conductivity of the confining bed
w = unit weight of water

induced change in effective overburden pressure, proportional to
dxﬁydwwﬁ fg = U w

Sw = coefficient of consclidation

time since drawdown oCC

drawdown

The analysis showed that Red Clay could relesse one gallon of water per one

81 4

g

foot of drawdown per acre during the 2.08 days {i.e., during the entire
pumping testl. Using the values of drawdown for a given digstance from the
punmping well §ﬂege§te§ in Figure 2.74-8 and the volumes of water which

could be relessed from confinement, the overall contribution from aguifer

upper confinement to the flow produced during the pumping  test wms
caloulasted. The results of caloulations sve also illustrated in Figure
2.74-3, The volume of water released from the Red Clay during the pumping

mited to be asbout 1,000 gallons. This constitutes

ezt was thus oo

The contribution from the Pierve Shale owing to its lower hydraulic
conductivity {approximately one order of mitude less than the upper

confinement){Table 2.7A-8) would be significantly smaller - about 0.06
gallon of water per foot of drawdown per acre - during the entire maEplng
test. Figure 2.74-8 illustrates the relationship between volume of inflow
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from the confining Red Clay and Pierre Shale versus drop in the hydraulic

head at the squifer/aguitard contact.

In the above snalysis, the transient nature of drawdown versus btime was not
considered in the anslvsis. In other words, the maximum drewdowns as
observed -or simulated for the final phase of the pumping test were assumed
to persist for the duration of the pumping test. This is conservative in

that it overpredicts the volume of water released.

For time periods extending well beyond the pumping test period, the rate of
wate: released from the aguitard will be less than indicated above,
- assuming egual drawdown canﬁiticnse Guantification of this rate Involies

an analysis different from that represented in Equation 8.

Two factors which were used to further characterize the degrees of
confinement are the leskage factor (B} and the hydraulic resistance {c).

" The leskage factor was defined by Hantush {1884} as:
{Egq. 71 B = {Eb/iRs /1] 1/2

B =z leskage factor

K =z hydraulic conductivity of aguifer

= thickness of aquifer

He» = vertical hydraulic conductivity of aguitard
b’ = thickness of agui

The leskage factor has units of length. The greater the value of B, the

{

. N . a2 : I - % 9% oy gt
less the cont: bution of leakage to the water pumped from the aguifer. Fo

¥

o

the 13 feet of im iate upper confinement comprised of the Red Clay, B ha
& vaiue of asbout 8.1x10¢ feet, which is very large. The hydraulic

resiztance was defined by Kruseman and DeRidder (1970 as:
{Eq. 8} & = b*/4

and has units of time. When multiplied by the porosity of the agquitard,
the time that = molecule of water would take to pass through the given
thickness of the aguitard under a unit gradient could be computed. The
hydraulic resistance for the 13 foot thick secticn of the Red Clay
immééi&ieiy overlying the Basal Chadron seandstone is 33,000 vears, To

SLTeE8y QY /soaset



calculate travel time through the confinement, an effective porosity value
of 22 percent was used. This value is based on a measurement of effective
porosity performed on'a core sample of Red Clay. Only the Red Clay was
considered in the analysis, due to its very low permeability and the short
time of pumping. Assuming an effective porosity of 22%, the travel time
through the 15 foot thick section of the aquitard under unit gradient gsgiﬁ
be 12,000 years. 7

5. Grouwl Yater Movement Within the Investigsted Ares. The examinailon of
the average groungd water levels in the eight wells in Filgure 2.74-1 com-
pleted in the Chadron aguifer shows that the direction of the flow is

toward the north and the dip of the potentiometric surface is 0.04 percent,

Using & dirsctional hwvdraulic conductivity of 18 ft/day and an assumed
effective porosity of 23 percent, the average pore velocity across the RAD

site was computed to be about 5.0 ft/yr. The ground water flux across the

site was computed to be 0.16 ft2/day per unit width of the asquifer.
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