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ABSTRACT

Interest in commercial and residential development in the Tobacco Valley in and around Eureka, Montana is 
increasing. A more detailed understanding of the hydrogeology of this area is needed to understand how in-
creased groundwater development will aff ect groundwater and surface-water availability. An important compo-
nent of this is establishing reasonable ranges of aquifer properties for the major hydrogeologic units in the area.

The Montana Bureau of Mines and Geology performed aquifer tests at three locations in the Tobacco Valley, 
representative of the major hydrogeologic units that govern groundwater fl ow. These tests were conducted in: 
(A) confi ned glacial outwash sediments, (B) semi-confi ned Belt bedrock, and (C) unconfi ned deltaic gravels. 

The tests showed a wide range of aquifer properties. The Belt bedrock was the least permeable (estimated 
hydraulic conductivity of 0.01 ft/d), the deltaic gravel was the most permeable (1,890 ft/d), and the sand and 
gravel of the glacial outwash was between these values (46 ft/d). The tested aquifers ranged from confi ned to 
unconfi ned.

are widely reported in nearby intermontane basins (La-
Fave and others, 2004). Tertiary sediments are also re-
ported near Olney, about 33 mi southeast of the study 
area (Alden, 1953). Tertiary sediments exposed in 
the Canadian part of the Rocky Mountain Trench are 
lake deposits (Rice, 1937). Additionally, the Tertiary 
Kishenehn Formation near the Flathead Valley, south 
of the Tobacco Valley, is dominantly composed of fi ne 
sand and fi ner sediments (Smith, 2004). The Tertiary 
sediments are not generally productive aquifers, and 
instead function as a basal aquitard.

The Tobacco Valley has experienced at least three 
glaciations (Coffi  n and others, 1971). Deposits from 
the most recent of these, the Late Wisconsinian Pine-
dale Glaciation (with a maximum extent around 23.5 
to 21 kya), formed the major aquifers and aquicludes 
in the area (Coffi  n and others, 1971). Older glacial 
deposits, such as those from the Bull Lake glacia-
tion (Illinoian, from about 200 to 130 kya), have been 
largely obscured or eroded by the Pinedale Glaciation. 
However, remnants of these older glacial sediments 
may occur in the subsurface. During the Pinedale Gla-
ciation, the Flathead lobe of the Cordilleran ice sheet 
fl owed south through the Rocky Mountain Trench, 
reaching as far south as Polson, Montana. Proglacial 
outwash sand and gravel was deposited in some areas 
in front of the glacier (Smith, 2004). Basal till cov-
ers much of the area (fi g. 1), in some cases forming 
southeast-trending drumlins. This till is typically an 
unsorted mixture of detrital material ranging in size 
from clay to boulders (i.e., diamicton). While the till 
functions as an aquitard in much of the area, it may 
include productive lenses of sand and gravel. 

PURPOSE OF THE AQUIFER TESTS

Aquifer tests were conducted in three of the major 
hydrogeologic units in the Tobacco Valley (fi g. 1). 
These units are all used to supply water, but have 
diff erent aquifer properties. Quantifying the aquifer 
properties for these units provides a reasonable range 
of those properties for the diverse aquifers in the val-
ley. Aquitards, such as glacial basal till or fi ne-grained 
lacustrine deposits, are also present in the area, and 
will be less permeable than the tested aquifers. The 
hydrogeologic properties of the units (aquifers and 
aquitards) will be used in developing groundwater 
fl ow models for the area, which will help inform de-
velopment decisions in the Tobacco Valley.

HYDROGEOLOGIC SETTING

Precambrian bedrock from the Belt Supergroup 
bounds the study area to the northeast, the southwest, 
and the west (Coffi  n and others, 1971; fi g. 1). Bedrock 
is exposed at the surface along the Tobacco River, on 
the west side of Lake Koocanusa, and in the White-
fi sh Range (fi g. 1). These bedrock units are believed 
to underlie the entire Tobacco Valley but are up to 
3,000 ft below ground surface (bgs) due to the Rocky 
Mountain Trench transecting the area (Garland and 
others, 1961; Coffi  n and others, 1971; Harrison and 
others, 1992). The bedrock is overlain by valley-fi ll 
sediments, which include Tertiary sediments, glacial 
deposits, glacial lake deposits, and alluvium.

Most of the unconsolidated sediments were depos-
ited during the Tertiary period (66 to 2 mya). There are 
no records of wells completed in the Tertiary sedi-
ments in the Tobacco Valley; however, these sediments 
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Figure 1. The Eureka study area (red outline) is in northwestern Montana. The three aquifer tests (A–C) are shown on the 
geologic map (modifi ed from Coffi  n and others, 1971). Site layout maps are shown at the right. At each site there was a 
pumping well and at least one observation well. Observation well colors allow for correlation with subsequent fi gures. Ad-
ditional well details are on table 1 and in GWIC (https://mbmggwic.mtech.edu).
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As the Cordilleran ice sheet retreated, Glacial Lake 

Kootenai formed due to an ice dam on the Kootenai 
River to the south (Coffi  n and others, 1971). Similar 
to other ice-dammed glacial lakes in western Mon-
tana (e.g., Glacial Lake Missoula; Hanson and oth-
ers, 2012), it is likely that this lake fi lled and drained 
many times, changing the location of the shoreline. 
Deep lake deposits are dominantly composed of silt 
and very fi ne sand. The deep lake deposits grade into 
near-shore, deltaic sand and gravel deposits formed 
by streams and rivers fl owing into the lake (Coffi  n 
and others, 1971). Due to changing lake levels these 
sediment types are highly interfi ngered in the Tobacco 
Valley.

Holocene alluvium, deposited since about 9.7 kya, 
ranges from silt to gravel. The alluvium is present near 
the Tobacco River, Phillips Creek, and other modern 
streams and lakes (fi g. 1). Alluvial materials from the 
Kootenai River also underlie Lake Koocanusa, which 
is a reservoir. 

Previous aquifer tests have been conducted on at 
least 18 wells at 10 sites in the study area (DNRC, 
written commun., 2022); however, the reporting and 
analysis levels are inconsistent. At some sites several 
tests were performed but only average aquifer proper-
ties are reported. Additionally, there are anecdotal re-
ports of aquifer tests that lack documentation. The test 
results are likely biased to more productive aquifers, 
since aquifer tests are only needed for more produc-
tive wells; reported pumping rates ranged from 43 to 
481 gallons per minute (gpm). The available results 
from all tested aquifers (ranging in lithology from 
bedrock to gravel) show a wide range in transmissivity 
from 132 to 326,000 ft2/d. The range in transmissivity 
values is likely due to a combination of diff erences in 
the screened intervals (which are not always reported), 
and diff erences in the aquifer materials. Estimated 
hydraulic conductivity values based on 1.5 times the 
screen length ranged from 14 to 8,000 ft/d, consistent 
with values for medium sand to coarse gravel (Heath, 
1983). Reported storativity values ranged from 6. 3 x 
10-4 to 7.0 x 10-2 (unitless), indicative of semi-confi ned 
to unconfi ned aquifers.

GENERAL PROCEDURES

Field procedures were generally conducted in ac-
cordance with the Montana Bureau of Mines and Ge-
ology (MBMG) standard operating procedures (SOPs; 
Gotkowitz, 2023). Step-tests were conducted prior to 
the constant-rate tests to determine an adequate pump-
ing rate for each test, but were not used for analysis 
and are not discussed in detail in this report. General 
fi eld procedures for the aquifer tests are briefl y de-
scribed in this section, with additional details in the 
“Site-Specifi c Data Collection” sections for each test. 

A near-constant pumping rate was used for each 
test. A check valve was installed directly above the 
pump to avoid fl owback at the end of pumping. A to-
talizing fl ow meter was installed on the discharge line 
to track the amount of water pumped. Flow rates were 
calculated using manual readings of the totalizer at 
timed intervals throughout the test. Manual discharge 
measurements (e.g., bucket and stopwatch) were taken 
during the step-tests to validate totalizer-based mea-
surements. 

Each well was equipped with a vented transducer 
(InSitu LevelTroll 500) to measure water levels during 
the tests. Background water-level data were collected 
in some wells before and after the tests by installing 
vented or unvented transducers (InSitu LevelTroll 500 
or InSitu RuggedTroll 100) to evaluate antecedent 
water-level trends. When unvented transducers were 
used the data were corrected for barometric variations 
using nearby barometric loggers (InSitu BaroTroll 
500). Manual depth-to-water measurements were 
taken with an electric tape (sounder) to post-process 
transducer records and provide backup data in case 
of transducer failure. Following the MBMG SOPs, 
manual sounder readings were taken most frequently 
at the start of pumping, with intervals increasing with 
pumping time during the test but not exceeding 4 h 
(Gotkowitz, 2023). 

All aquifer tests were analyzed using Aqtesolv soft-
ware (Duffi  eld, 2007). The solutions used are discussed 
for each test in the “Analysis Methods” sections. 

The aquifer test data are available in 633 forms 
on the MBMG Ground Water Information Center 
(GWIC) online database (http://mbmggwic.mtech.edu) 
using the pumping well GWIC ID number (table 1). 
Wells in this report are referred to by their GWIC ID 
(e.g., pumping well 326951). 
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SITE A
Background

There are two wells at Site A (table 1, fi g. 1), 
which are both completed in a sand and gravel unit 
interpreted to be proglacial outwash.

The 72-h constant-rate test ran from 9:30 AM on 
10/24/2023 to 9:30 AM on 10/27/2023. The time-
weighted average pumping rate was 84.0 gpm, with 
values ranging from 81.8 to 87.6 gpm. A variable-fre-
quency drive (VFD) was used for the test and adjusted 
to maintain a steady pumping rate.

Well and Lithologic Descriptions

The MBMG completed pumping well 326951 in 
2023 to a total depth (TD) of 494 ft below ground 
surface (ft-bgs; fi g. 2A). A 10-ft screen was installed 
from 484 to 494 ft-bgs in a zone composed of gravel, 
cobble, and coarse sand (fi g. 2A). This productive 
zone was overlain by clay-rich sediments from 305 to 
434 ft-bgs (fi g. 2A).

Observation well 282097 was installed into a sand 
and gravel zone in 2015 at a TD of 486 ft-bgs (fi g. 
2B). The lithologic description for this well indicates 
that the sand and gravel zone is overlain by clay-rich 
sediments from 180 to 470 ft-bgs (fi g. 2B). This well 
is 57 ft southeast of the pumping well (fi g. 1), and has 
an open-bottom completion.

Site-Specifi c Data Collection
Background water levels were collected hourly us-

ing unvented transducers in both wells. The transducer 
for observation well 282097 recorded from 4/21/2023 
to 10/9/2023 and the transducer for pumping well 
326951 recorded from 8/15/2023 to 10/9/2023 (fi g. 
3A). These data show that groundwater levels rose in 
the spring, reached a peak near the end of July, and 
then declined. 

A vented transducer was installed in pumping well 
326951 for the constant-rate test from 10/23/2023 
to 10/30/2023 (fi g. 2A). This transducer recorded 
water-level data at 1-min intervals from 8:10 AM on 
10/24/2023 to 11:46 AM on 10/27/2023 (mainly dur-
ing the pumping period). It was set to record at 15-min 
intervals before and after this time period.

Ta
bl

e 
1.

 S
um

m
ar

y 
of

 E
ur

ek
a 

ar
ea

 a
qu

ife
r t

es
t r

es
ul

ts
. 

 
 

 
 

 
 

 
 

 

Si
te

 
Aq

ui
fe

r 
Ty

pe
 

  
G

W
IC

 
ID

s 

  
W

el
l 

Ty
pe

  

  
To

ta
l 

D
ep

th
 

(ft
-b

gs
) 

M
ea

su
rin

g 
Po

in
t 

El
ev

at
io

n 
(ft

-a
m

sl
) 

W
el

l 
St

ic
ku

p 
H

ei
gh

t 
(ft

) 

  
D

is
ta

nc
e 

Fr
om

 
PW

 
(ft

) 

St
at

ic
 

W
at

er
 

Le
ve

l 
(ft

-b
M

P)
 

  
M

ax
im

um
  

D
ra

w
do

w
n 

(ft
) 

Av
er

ag
e 

Pu
m

pi
ng

 
R

at
e 

(g
pm

) 

  
Es

tim
at

ed
 

Tr
an

sm
is

si
vi

ty
 

(ft
2 /d

) 

Es
tim

at
ed

 
H

yd
ra

ul
ic

 
C

on
du

ct
iv

ity
 

(ft
/d

) 

  
Es

tim
at

ed
 

St
or

at
iv

ity
 

(u
ni

tle
ss

) 

  
So

lu
tio

n 
Ty

pe
 

A 
Pr

og
la

ci
al

 
O

ut
w

as
h 

32
69

51
 

PW
 

49
4 

26
45

.0
3 

2.
53

 
—

 
14

2.
10

 
24

.8
0 

84
.0

 
1,

38
0 

46
 

6.
4x

10
-7

 
C

on
fin

ed
 

  
28

20
97

 
O

W
 

48
6 

26
40

.9
3 

2.
30

 
57

.2
 

13
7.

08
 

14
.2

9 

B 
Be

lt 
Be

dr
oc

k 

25
43

47
 

PW
 

58
0 

26
58

.9
6 

2.
50

 
—

 
10

5.
88

 
15

4.
51

 
4.

01
 

2.
0 

0.
01

 
4.

0x
10

-5
 

Le
ak

y 
C

on
fin

ed
 

  
32

69
49

 
O

W
 

60
2 

26
64

.6
0 

2.
60

 
10

1.
3 

10
6.

85
 

86
.1

4 
32

69
52

 
O

W
 

59
9 

26
61

.4
0 

2.
40

 
29

1.
9 

10
5.

65
 

1.
92

 

C
 

D
el

ta
ic

 
G

ra
ve

l 

32
77

00
 

PW
 

16
8 

25
91

.2
5 

3.
25

 
—

 
83

.5
7 

4.
87

 
89

.4
 

18
9,

00
0 

1,
89

0 
3x

10
-3

 
U

nc
on

fin
ed

 
(S

y =
 0

.0
1)

 
  

32
77

01
 

O
W

 
12

7 
25

90
.9

6 
2.

96
 

5.
2 

82
.5

7 
0.

05
 

32
77

02
 

O
W

 
16

2 
25

93
.1

3 
3.

13
 

11
9 

85
.7

6 
0.

24
 

N
ot

e.
 S

ee
 G

W
IC

 fo
r a

dd
iti

on
al

 d
et

ai
ls

 (h
ttp

s:
//m

bm
gg

w
ic

.m
te

ch
.e

du
). 

PW
, p

um
pi

ng
 w

el
l; 

O
W

, o
bs

er
va

tio
n 

w
el

l; 
gp

m
, g

al
lo

ns
 p

er
 m

in
ut

e;
 ft

-b
gs

, f
ee

t b
el

ow
 g

ro
un

d 
su

rfa
ce

; f
t-a

m
sl

, f
ee

t 
ab

ov
e 

m
ea

n 
se

a 
le

ve
l; 

ft-
bM

P,
 fe

et
 b

el
ow

 m
ea

su
rin

g 
po

in
t. 



5

Montana Bureau of Mines and Geology Open-File Report 764

Similar to the pumping well, a vented transducer 
was installed in observation well 282097 for the 
constant-rate test from 10/23/2023 to 10/30/2023 
(fi g. 2B). This transducer recorded water-level data at 
1-min intervals from 8:12 AM on 10/24/2023 to 11:49 
AM on 10/27/2023 (mainly during the pumping pe-
riod). It recorded at 15-min intervals before and after 
this time period.

Background data and values after recovery show 
that water levels in pumping well 326951 during the 
constant-rate test experienced a downward anteced-
ent trend of about 0.007 ft/d (fi g. 3B). This anteced-
ent trend was removed from both wells’ data prior to 
analysis.

Analysis Methods
The data collected during this test were analyzed 

using the Theis step-test solution (fi g. 4A; Theis, 
1935), consistent with the aquifer being overlain by 
a thick clay-rich layer. This solution is for a confi ned 
aquifer and includes a linear well bore skin factor (Sw) 
to account for alteration of the aquifer near the well 
bore due to drilling and development. The solution 
was fi t to the portion of the drawdown curves while the 
derivative plots were generally fl at (fi g. 4A), indicating 
that the aquifer was acting similar to a confi ned aquifer 
with infi nite acting radial fl ow (IARF; a key assump-
tion to many aquifer test solutions; Renard and others, 
2009). The Theis recovery solution (Theis, 1935) was 
used to analyze residual drawdown (fi g. 4B).
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Results

Water-Level Response

Groundwater levels in pumping well 326951 were 
drawn down by a maximum of 24.80 ft during the test 
(fi g. 2A, table 1). Water levels rapidly dropped at the 
start of pumping and then leveled off , but did not com-
pletely fl atten as pumping continued. At the end of the 
test the water levels rose fairly rapidly, but 20 h was 
needed to reach 95% recovery.

Observation well 282097 responded similarly to 
the pumping well (fi g. 2B), but the maximum draw-
down was 14.29 ft (fi g. 2, table 1), and 45 h was 
needed to reach 95% recovery.

Aquifer Properties

The Theis step-test solution fi t to the drawdown 
data from the pumping well and the observation well 
provides an estimated transmissivity (T) of 1,380 ft2/d, 
a storativity (S) of 6.4 x 10-7, and an Sw of -1.52 (fi g. 
4A). This negative Sw suggests that well development 
removed fi nes near the well, making the aquifer near 
the pumping well more permeable than the aquifer 
as a whole. Analysis of recovery data using the Theis 
residual drawdown solution is also consistent with a T 
of about 1,380 ft2/d (fi g. 4B). Using an aquifer thick-
ness of 30 ft, based on the thickness of sand and gravel 
encountered during drilling, results in an estimated 
hydraulic conductivity of 46 ft/d, which is consistent 
with literature-reported values for sand and gravel 
(Heath, 1983).

SITE B
Background

Three wells were monitored at Site B (table 1, fi g. 1). 
These wells are all completed in Belt bedrock (fi g. 5).

The 72-h constant-rate test ran from 10:45 AM on 
10/24/2023 to 10:45 AM on 10/27/2023. The time-
weighted average pumping rate was 4.01 gpm. During 
the fi rst 5 min of the test the average pumping rate was 
at 7.6 gpm, but for the rest of the test values ranged 
from 3.78 to 4.30 gpm. A VFD was used for the test 
and adjusted to maintain a steady pumping rate.

Well and Lithologic Descriptions

Preexisting well 254347 was used as the pumping 
well. This well was drilled to a TD of 580 ft-bgs in 
2010, it is screened from 520 to 580 ft-bgs, and the top 

of bedrock was encountered at 450 ft-bgs (fi g. 5A). 
This well has been part of MBMG’s statewide long-
term groundwater monitoring network (Ground-Water 
Assessment Act Monitoring Network, GWAAMON) 
since 2017, so it has a detailed record of water levels 
(fi g. 6A; https://www.mbmg.mtech.edu/WaterEnviron-
ment/GWAP/ ).

The MBMG installed two observation wells in 
2023. These wells are at diff erent bearings from the 
pumping wells (fi g. 1) to allow for evaluation of po-
tential anisotropy that often results from fracture pat-
terns in bedrock aquifer. Observation well 326949 has 
a TD of 602 ft-bgs and it is screened from 522 to 602 
ft-bgs. The top of bedrock in observation well 326949 
was encountered at 480 ft-bgs (fi g. 5B), and it is 101 
ft northeast of the pumping well. Observation well 
326952 has a TD of 599 ft-bgs and it is screened from 
519 to 599 ft-bgs. The top of bedrock in observation 
well 326952 was encountered at 372 ft-bgs (fi g. 5C), 
and it is 292 ft south of the pumping well.

Site-Specifi c Data Collection
GWAAMON long-term monitoring data from 

pumping well 254347 show peak water levels in mid-
winter and the lowest groundwater levels in midsum-
mer (fi g. 6A). This suggests a response to the sum-
mertime pumping from nearby wells, likely for lawn 
watering. During this aquifer test groundwater levels 
were rising.

A vented transducer was installed in pumping well 
254347 for the 72-h test and ran from 10/23/2023 to 
10/30/2023 (fi g. 5A). The vented transducer recorded 
at 15-min intervals, except that it recorded at 1-min 
intervals from 8:48 AM on 10/24/2023 to 12:29 PM 
on 10/27/2023 (mainly during the pumping period).

Antecedent water levels were measured hourly 
in observation well 326949 from 8/14/2023 to 
11/21/2023 (fi g. 6B) by an unvented pressure trans-
ducer. These data were collected throughout aquifer 
testing. During the 72-h test there was an antecedent 
trend of groundwater levels rising at about 0.022 ft/d. 
It was assumed that this same trend applied to all wells 
and it was removed from the data for all three wells 
prior to analysis.

A vented transducer was installed in observa-
tion well 326949 (along with the unvented trans-
ducer) for the 72-h test, which ran from 10/23/2023 
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to 10/30/2023 (fi g. 5B). This transducer recorded at 
15-min intervals, except that it recorded at 1-min in-
tervals from 8:52 AM on 10/24/2023 to 12:23 PM on 
10/27/2023 (mainly during the pumping period).

A vented transducer was installed in observa-
tion well 326952 for the 72-h test and recorded wa-
ter levels from 10/23/2023 to 10/30/2023 (fi g. 5C). 
This transducer recorded at 15-min intervals, except 
that it recorded at 5-min intervals from 8:50 AM on 
10/24/2023 to 12:15 PM on 10/27/2023 (mainly dur-
ing the pumping period).

Analysis Method
Monitoring results from the aquifer test were fi rst 

evaluated on a composite plot (fi g. 7A). This showed 
that the drawdown curves for pumping well 254347 
and observation well 326949 were approximately par-
allel, suggesting that they are directly hydrologically 
connected through the bedrock fracture network. The 

drawdown curve for observation well 326952 falls 
well below the other wells’ curves. It is much fl atter 
(fi g. 7A), which suggests that this observation well is 
not directly connected to the fracture network that the 
pumping well is withdrawing from. As such, data from 
well 326952 were not used for subsequent analyses.

The Theis step test, Hantush–Jacob, and Theis 
residual drawdown solution methods were used for 
analysis of this test (fi gs. 7B, 7C, 7D, respectively). 
The drawdown curves for pumping well 254347 and 
observation well 326949 were fi rst fi t using the Theis 
step-test solution (Theis, 1935), fi tting to the peri-
ods where the derivative plots suggest IARF applies. 
While this approach fi t the IARF portions of both 
drawdown curves well, it overestimated drawdown 
later in the test (fi g. 7B). The shape of the derivative 
plots suggest that recharge is likely occurring due to 
leakage from the overlying bedrock and sediments 
(Renard and others, 2009; fi g. 7B). 
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Figure 6. (A) Long-term monitoring of Site B pumping well 254347 shows that water levels peak in the winter, and then 
drop off  with higher summer time pumping in the area. (B) During the testing period observation well 326949 shows an 
overall rise in groundwater levels, with an upward antecedent trend (purple dashed line) of about 0.022 ft/d.



10

Andrew Bobst, 2024

A good fi t to the drawdown curves was achieved 
using the same T and S values determined using the 
Theis step-test solution during the IARF periods with 
the Hantush–Jacob solution for a leaky-confi ned aquifer 
(fi g. 7C; Hantush and Jacob, 1955; Hantush, 1964). This 
solution adds leakage from the overlying materials.

The residual drawdown was also analyzed using 
the Theis recovery solution (fi g. 7D; Theis, 1935). 
This resulted in a good fi t to the recovery data using 
the same T as determined using the Theis step test and 
Hantush–Jacob methods.

Results
Water-Level Response

Groundwater levels in pumping well 254347 
reached a maximum drawdown of 154.51 ft during the 
pumping portion of the test (fi g. 5A, table 1). Water 
levels declined rapidly at the start of pumping, and 
then leveled off  but did not completely fl atten. At the 
end of the test the water levels rose somewhat slowly, 
with 27 h needed to reach 95% recovery.
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the IARF period of B. (D) Analysis of recovery data is also consistent with a T of 2 ft2/d.
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Observation well 326949 responded similarly to 

the pumping well, but maximum drawdown was 86.14 
ft (fi g. 5B, table 1), and 42 h was needed to reach 95% 
recovery.

Observation well 326952 was indirectly aff ected 
by the pumping. It had a delayed response, with 
groundwater levels rising during the fi rst 8.6 h of the 
test, and then generally but irregularly dropping (fi g. 
5C). The maximum drawdown was 1.92 ft, which 
occurred 14.8 h after the end of pumping. Recovery 
of this well was slow and not completely recorded, 
with it being only 38% recovered when transducers 
were removed on 10/30/2023 (fi g. 5C). Water levels 
were 0.43 ft above the pretest levels at 3:12 PM on 
11/21/2023.

Aquifer Properties

The composite plot shows that wells can be poorly 
connected even over short distances due to the com-
plexities of the bedrock fracture network. The Theis 
step test and Hantush–Jacob solutions (Theis, 1935; 
Hantush and Jacob, 1955; Hantush, 1964) indicate a 
T of about 2 ft2/d, an S of 4 x 10-5, and an Sw of -4.26 
(fi gs. 7B, 7C). The negative Sw value found in this 
bedrock aquifer, similar to Site A’s sand and gravel 
aquifer, suggests enhanced aquifer permeability near 
the pumping well due to drilling and development. 
The Theis residual drawdown analysis of the recovery 
data is also consistent with a T of 2 ft2/d (fi g. 7D). For 
the Hantush–Jacob solution a leakage factor (1/B) of 
0.00274 was estimated (fi g. 7C). Using a saturated 
bedrock thickness of 150 ft, which is the thickness 
of bedrock encountered in the pumping well (fi g. 5), 
the estimated K is 0.01 ft/d, which is consistent with 
reported values for fractured bedrock (Heath, 1983).

SITE C
Background

At Site C, three wells were monitored (table 1, fi g. 
1). These wells are all completed in what is interpreted 
as deltaic sediments deposited by the ancestral Tobac-
co River into Glacial Lake Kootenai. 

The 72-h constant-rate test ran from 10:00 AM on 
10/17/2023 to 10:00 AM on 10/20/2023. The time-
weighted average pumping rate was 89.4 gpm, with 
measured discharge values ranging from 88.7 to 90.9 
gpm. A VFD was used for the test and adjusted to 
maintain a steady pumping rate.

Well and Lithologic Descriptions

The MBMG installed the three wells at Site C 
(table 1) in July 2023.

Pumping well 327700 has a TD of 168 ft-bgs, and 
is screened from 158 to 168 ft-bgs (fi g. 8A). Sand and 
gravel were encountered for the entire depth of this 
well, with the most fi ne-grained unit identifi ed as a 
fi ne to medium sand layer from 119 to 150 ft-bgs (fi g. 
8A).

Observation well 327702 has a TD of 162 ft-bgs, 
and is screened from 152 to 162 ft-bgs (fi g. 8B). It is 
completed in the same interval as the pumping well. 
This well is 119 ft north of the pumping well, on the 
north side of Overlook Road (fi g. 1).

Observation well 327701 has a TD of 127 ft-bgs, 
and is screened from 122 to 127 ft-bgs (fi g 8C). It was 
completed in the top of the fi ne to medium sand layer 
to evaluate vertical conductance. This well is 5.2 ft 
north of the pumping well (fi g. 1). 

Hydrogeologic Features

The Tobacco River and its associated alluvium are 
generally to the south of Site C (fi g. 1). At its closest 
point, the Tobacco River is approximately 1,500 ft to 
the southeast.

Site-Specifi c Data Collection
A vented transducer in pumping well 327700 

recorded from 10/10/2023 to 10/23/2023 (fi g. 8A). 
This transducer recorded at 15-min intervals from 
3:45 PM on 10/10/2023 to 2:15 PM on 10/16/2023. 
Subsequently, it recorded at 5-min intervals until 8:36 
AM on 10/17/2023, followed by 1-min intervals until 
11:36 AM on 10/20/2023 (mainly during the pumping 
portion of the test). Recovery was monitored at 15-
min intervals until 3:15 PM on 10/23/2023. 

A vented transducer in observation well 327702 
recorded from 10/10/2023 to 10/23/2023 (fi g. 8B). 
This transducer recorded at 15-min intervals from 
4:15 PM on 10/10/2023 to 2:45 PM on 10/16/2023, 
then at 5-min intervals until 11:45 AM on 10/20/2023 
(through the pumping portion of the test), and then at 
15-min intervals until 3:00 PM on 10/23/2023. 

Background water levels were collected through-
out the testing period using an unvented transducer 
in observation well 327702, recording hourly from 
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8/14/2023 to 11/21/2023 (fi g. 9). These data indicate 
a trend of rising groundwater levels over this period. 
During the 72-h test, an antecedent trend of about 
0.006 ft/d was removed from the test data for all wells 
prior to analysis.

A vented transducer in observation well 327701 re-
corded from 10/10/2023 to 10/23/2023 (fi g. 8C). This 
transducer recorded at 15-min intervals from 3:45 PM 
on 10/10/2023 to 2:15 PM on 10/16/2023, at 5-min 
intervals until 11:35 AM on 10/20/2023 (covering the 
pumping portion of the test), and then at 15-min inter-
vals until 3:15 PM on 10/23/2023. 

Analysis Method
Aquifer test data were fi rst evaluated on a compos-

ite plot, using a Cooper–Jacob straight-line solution 
(fi g. 10A). This showed that the drawdown curves 
were approximately parallel, suggesting that they are 
directly hydrologically connected. Shallow observa-
tion well 327701 exhibited less drawdown than obser-
vation well 327702, refl ecting vertical anisotropy in 
the aquifer. 

The drawdown curves were then fi t using the 
Moench  solution for unconfi ned aquifers (Moench, 
1997), resulting in a good fi t (fi gs. 10B, 10C). Adding 
the Tobacco River as a constant-head boundary was 
tested; however, it did not cause changes in aquifer 
properties or change the curve fi ts, suggesting that 
the Tobacco River had little eff ect on the aquifer test. 
Analysis of the residual drawdown was conducted 
using the Theis recovery solution (fi g. 10D; Theis, 
1935). 

Results
Water-Level Response

Groundwater levels in pumping well 327700 
dropped rapidly when pumping began and then re-
mained stable until the end of pumping (fi gs. 8A, 
10B). The maximum drawdown was 4.87 ft (fi g. 8A, 
table 1). When pumping ceased, groundwater levels 
quickly returned to pre-test levels, with 95% recovery 
occurring in less than 1 min.

Groundwater levels in observation wells 327702 
and 327701 dropped more slowly than in the pump-
ing well, and were slower to recover. Observation well 
327702 had up to 0.24 ft of drawdown (fi g. 8B, table 
1), while observation well 327701 had up to 0.05 ft of 
drawdown (fi g. 8C, table 1). About 1 day was needed 
to reach 95% recovery in both observation wells. 

Aquifer Properties

The Moench solution (Moench, 1997) indicates 
a T of about 189,000 ft2/d, an S of 3 x 10-3, a specifi c 
yield (Sy) of 0.01, and an Sw of 29.5 (fi gs. 10B, 10C). 
This positive Sw value suggests reduced aquifer per-
meability near the pumping well due to drilling, partial 
penetration, and well screen limitations. The Theis re-
sidual drawdown analysis of the recovery data is also 
consistent with a T of 189,000 ft2/d (fi g. 10D). Using 
a saturated thickness of 100 ft based on the observed 
saturated thickness at this site (fi g. 8), the estimated K 
is about 1,890 ft/d, which is consistent with reported 
values for gravel aquifers (Heath, 1983). The aquifer 
vertical anisotropy factor [vertical hydraulic conduc-
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tivity (Kv)/radial hydraulic conductivity (Kr)] was 
0.007, which indicates a Kv value of about 1.3 ft/d, 
which would be representative of the least permeable 
layer, and is consistent with reported values for fi ne 
sand (Heath, 1983). 

SUMMARY

These aquifer tests reveal signifi cant variations in 
hydraulic conductivity (K values) for aquifers in the 
Tobacco Valley, ranging by about fi ve orders of mag-
nitude (from 0.01 to 1,890 ft/d). This range refl ects 
the highly variable aquifer materials, from bedrock to 
gravel. The solutions for the aquifer tests show that 
aquifers in the area range from well-confi ned (Site A) 
to unconfi ned (Site C).

The productivity of wells completed in the Tobac-
co Valley will vary depending on the type of materials 
they are completed in. The distribution of sediments 
is highly variable, as is common in glacial deposi-
tional systems (Menzies, 1997). The aquifer properties 
estimated from these tests will be used to guide the 
development of groundwater fl ow models for the area, 
which are intended to provide a more robust under-
standing of the groundwater fl ow system.
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