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1 INTRODUCTION

The Upper Jefferson Groundwater Investigation 
was conducted to evaluate how changes in irrigation 
management activities and increased residential de-
velopment may affect water availability in the Upper 
Jefferson Valley. Five aquifer tests were conducted 
during this investigation. These tests were conducted 

in the Upper Jefferson Valley, southwestern Montana, 
between Silver Star and Cardwell (fig. 1-1). These 
tests were conducted to provide site-specific aquifer 
property estimates (e.g., transmissivity and storativ-
ity) of the tested aquifers, and to evaluate potential 
boundary effects. These results were then used in 
developing groundwater budgets for the model areas 

Figure 1-1. Five aquifer tests were conducted for the Upper Jefferson Groundwater Investigation. Four 
of these tests were in the Tertiary Renova Formation, and one (Hunt) was in the Quaternary alluvium.
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near Waterloo and Whitehall, and the values were used 
to evaluate the reasonableness of aquifer properties 
used in the calibrated groundwater models (Gebril and 
Bobst, in preparation, a and b). The results were also 
used in interpreting the overall hydrologic conditions 
within the Upper Jefferson Valley (Bobst and Gebril, 
in preparation).

The Upper Jefferson Valley is an intermontane 
basin, with the Highland Mountains to the west, and 
the Tobacco Root Mountains to the east. The valley is 
filled with sediment transported from both sides and 
from the overall Jefferson River drainage area to the 
south. Tertiary and Quaternary pediment gravels occur 
at the bases of the mountains. Quaternary alluvium 
underlies the modern floodplain, and is underlain by 
the relatively fine-grained Tertiary Renova Formation 
(Vuke and others, 2004). The Renova Formation is 
characterized by fine-grained strata (>70% fine sand 
and finer; Kuenzi and Fields, 1971; Vuke, 2004), with 
channels of immature sandstone (Vuke, 2004). Esti-
mates of the thickness of unconsolidated Tertiary and 
Quaternary basin-fill material over bedrock in the val-
ley bottom range from about 2,000 to 10,000 ft (Vuke 
and others, 2004). Four aquifer tests were conducted 
in the Renova Formation, and one was in the alluvium 
(table 1-1). The data collected during each test can 
be accessed from GWIC (http://mbmggwic.mtech.
edu/) by using the GWIC ID numbers for the pumping 
wells.

The local nature of the aquifer and boundaries at 
each site were evaluated based on drawdown observa-
tions and evaluation of derivative plots (Renard and 
others, 2009). The two tests of the Renova Formation 
in the floodplain (HCC Floodplain and LTP Flood-
plain; fig. 1-1) showed a leaky-confined response. This 
shows that the tested aquifers were hydrologically 
connected with shallower zones, but that there was 

some degree of confinement. One of the tests from the 
Renova Formation on the bench (HCC Bench) showed 
an unconfined response, and the other Renova Forma-
tion bench test (LTP Bench) showed a confined re-
sponse. The Hunt aquifer test in the Quaternary alluvi-
um showed an unconfined response and the influence 
of a nearby recharge boundary. Aquifer test solutions 
for each test were selected based on the hydrogeologic 
setting and derivative plots, taking into account the 
degree to which the assumptions inherent in each solu-
tion were violated (Fetter, 1994). Sediment types in 
the completion zones ranged from silty sand to gravel. 
The results from the aquifer tests reflect these differ-
ences in sediment types, with the lowest permeability 
and storativity occurring in the finest sediments and 
the highest values occurring in the coarsest grained.  

2 HCC FLOODPLAIN TESTS

2.1 Background
2.1.1 Purpose of Test

This test was designed to estimate the transmis-
sivity (T) and storativity (S) of the Tertiary Renova 
Formation. The test was also conducted to evalu-
ate interconnections among the Renova Formation, 
the overlying surficial Quaternary alluvium, and the 
nearby Jefferson River. These results aided in the 
development of groundwater flow models to address 
the objectives of the Upper Jefferson Groundwater 
Investigation.

2.1.2 Test Location

Four wells were installed in the Jefferson River 
floodplain (T. 2 S., R. 5 W., sec. 5; figs. 2-1 and 2-2, 
table 2-1; appendix 2A) 1.5 mi northeast of Silver Star. 
The site is located within a flood-irrigated hay field, 
and is 0.8 mi from the nearest residence. The Jefferson 
River is 0.3 mi northwest of the site. 

Table 1-1. Aquifer test results. 

Test Name 

Pumping 
Well GWIC 

ID Aquifer 
Transmissivity 

(T; ft2/d) 
Storativity 

(S; unitless) Solution Type 
HCC 
Floodplain 277403 Renova 74–77 1.5 x 10-7 to 1.6 x 10-5 Leaky-confined 

HCC Bench 280980 Renova 255 0.20 Unconfined 

Hunt 279259 Alluvium 
41,000– 
44,500 0.14 Unconfined 

LTP Floodplain 279262 Renova 310– 440 8 x 10-4 to 2 x 10-3 Leaky-confined 

LTP Bench 280978 Renova 5,800 5.2 x 10-5 Confined 
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recovery was monitored until 2/18/2015. During the 
10-h test the time-weighted average pumping rate was 
15.7 gpm, and during the 72-h test the time-weighted 
average pumping rate was 13.6 gpm. Drawdown and 
recovery were monitored in the pumping well and in 
three observation wells.

2.1.3 Test Type

A step-test, a 10-h aquifer test (truncated due 
to equipment failure), and a 72-h aquifer test were 
performed. The step-test was performed on 2/4/2015, 
the 10-h test was conducted on 2/9/2015, and the 72-h 
test ran from 2/10/2015 to 2/13/2015. Water-level 

Figure 2-1. The HCC Floodplain aquifer test site is located in the Jefferson River floodplain approximately 1.5 mi north-
east of the town of Silver Star, Montana. 
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2.1.4 Hydrogeologic Setting

The stratigraphy is topsoil and silt from 0 to 5 ft, 
gravel with some silt from 5 to 30 ft, silty clay from 
30 to 75 ft, and fine to medium silty sand from 75 to 
100 ft. The upper 30 ft is Quaternary alluvium, while 
the deeper silty clay and silty sand are the Renova For-
mation (appendix 2A; Vuke and others, 2004). 

During longer-term monitoring, from February 
2014 to May 2015, groundwater levels fluctuated 
from about 1.5 to 5.5 ft below ground surface (bgs). 
The timing of groundwater fluctuations was similar to 
that of the Jefferson River stage. Groundwater eleva-
tion was typically higher in the alluvium than in the 
Renova Formation; however, this reverses in the late 
summer when the river stage is low (fig. 2-3).

Figure 2-2. The HCC Floodplain aquifer test site had a pumping well completed in the Renova Formation (OW1), two 
observation wells in the Renova Formation (OW2 and PW), and one observation well in the overlying alluvium (OW3). 
Water was discharged approximately 300 ft northwest of the pumping well.

Table 2-1. Well designations, locations, and completion information, HCC Floodplain Aquifer test site. 

GWIC 
ID  Name 

Latitude 
(degrees) 

Longitude 
(degrees) 

Ground 
Surface 

Elevation 
(ft-amsl) 

Total 
Depth 
(ft-bgs) 

Screened 
Interval 
(ft-amsl) 

Distance 
from 
OW1 
(ft) 

Maximum 
Drawdown 

(ft) Aquifer Type of Well 

277403 OW1 45.695992 -112.254563 4497.2 94 
4403– 
4423 — 43.0 Renova Pumping 

277404 OW2 45.696123 -112.254643 4497.1 103 
4394– 
4416 51.9 5.7 Renova Observation 

277405 PW 45.696076 -112.254497 4497.3 100 
4397– 
4418 34.9 10.6 Renova Observation 

277406 OW3 45.696028 -112.254535 4497.3 30 
4467– 
4478 14.7 0.0 Alluvium 

Shallow 
Observation 

Note. ft-amsl, feet above mean sea level; ft-bgs, feet below ground surface. All locations and elevations determined by survey. 
Horizontal Datum, NAD83; Vertical Datum, NAVD88. 
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2.1.5 Hydrologic Features

The Jefferson River is a significant hydrologic fea-
ture in the area, and several secondary channels near 
the test site flow during high river stages (figs. 2-1 and 
2-2). The “Secondary Channel” noted in fig. 2-2 is 
likely an ancestral channel of the Jefferson River. Dur-
ing the aquifer tests, the secondary channels contained 
standing water. 

2.2 Field Procedure
A step-test was conducted on 2/4/2015 to deter-

mine a sustainable pumping rate for the constant-rate 
test. Well OW1 was used as the pumping well because 
a crooked casing precluded the installation of the 
pump in well PW (table 2-1). From the step-test data 
it was determined that 16 gpm would be a reasonable 
pumping rate for the 72-h constant-rate test.

During the first attempt at the 72-h constant-rate 
aquifer test, equipment failure led to the test being 
terminated after 10 h. A second test started 17 h later, 
after water levels had recovered and stabilized. The 
second constant-rate test extended a full 72 h after the 
restart.

2.3 Data Collection
A vented pressure transducer with data logger 

was installed in each well on 2/3/2015 and removed 
on 2/18/2015 (5 days after the end of pumping). Each 
transducer was programmed to record water levels 
at a 1-min interval. An e-tape was used to measure 
water levels in all wells prior to installing transducers, 
throughout the test, and prior to transducer removal 
(figs. 2-4 to 2-7). These measurements were used to 
calibrate transducer response, and to provide a backup 
in case of transducer malfunction.

Pumping rates were monitored using a bucket and 
stopwatch and a totalizing flow meter. During the first 
4 hs of the 72-h test we measured flow on average ev-
ery 9 mins. The maximum interval between discharge 
measurements was 244 min.

All water-level data and pumping rates are avail-
able from GWIC by using the wells’ GWIC ID num-
bers (table 2-1) and accessing the applicable aquifer 
test information (e.g., Form 633 data; http://mbmgg-
wic.mtech.edu/). 

6

7

8

9

10

11

12

4491

4492

4493

4494

4495

4496

4497

1/31/14 4/1/14 6/1/14 8/1/14 10/1/14 12/1/14 1/31/15 4/2/15 6/2/15

Je
ff

er
so

n
 R

iv
er

 S
ta

g
e 
(f
t)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(f

t a
m

sl
)

OW1 (deep) OW3 (shallow) Jefferson River at Silver Star

Figure 2-3. Long-term monitoring at the HCC Floodplain site shows that the shallow and deep aquifers both respond 
to changes in river stage. 



6

Bobst and Gebril, 2020

2.4 Results
Data collected before and after the aquifer test 

show that there were no groundwater level trends dur-
ing the test period. (figs. 2-4 to 2-7). For example, the 
depth to water in OW1 was 7.95 ft before the step-test 
on February 4th, and 7.98 ft at the end of recovery on 
February 18th. Therefore, no correction was made for 
antecedent trends.

2.4.1 Water-Level Response

The maximum drawdown in the pumping well 
(OW1) during the 72-h test was 43.0 ft (table 2-1; fig. 
2-4). Drawdown in well OW1 showed a rapid initial 
decline followed by a gradual leveling out. Drawdown 
was increasing slightly at the end of the pumping por-
tion of the test. The water level in well OW1 respond-
ed rapidly to the cessation of pumping, reaching 90 
percent recovery in about 12 min. 

Drawdown in the deep observation wells (OW2 
and PW) differed from the pumping well in that the 
drawdowns toward the end of the test were slightly 
decreasing (figs. 2-5 and 2-6). The maximum draw-
down in PW, 10.6 ft, was nearly twice that in OW2, 
5.7 ft. The shallow observation well (OW3) showed 
no measurable response to pumping (fig. 2-7).

2.4.2 Aquifer Properties

The hydrogeologic setting, known hydrologic 
features, and derivative plots indicate that there was 
a leaky-confined response to the test (appendix 2B). 
Therefore, aquifer properties were determined using 
observations from the two deep observation wells (PW 
and OW2), and a leaky-confined solution (Hantush 
and Jacob, 1955). AQTESOLV was used to analyze 
the aquifer test data. These results indicated transmis-
sivity values between 74 and 77 ft2/d, and storativity 
values between 1.5 x 10-7 and 1.6 x 10-5.

2.4.3 Aquifer Boundaries

A leaky-confined solution was needed to replicate 
observations; however, the simulated leakage was 
relatively small. Long-term monitoring shows that 
water levels in the deeper aquifer changed in response 
to short-term variations in river stage. Therefore, even 
though no drawdown was observed in the shallow 
observation well on site, the deep aquifer appears to 
be connected to the shallow aquifer system, and to the 
Jefferson River. The absence of response in the shal-
low aquifer during the test is attributed to the slight 
leakage needed, and the fact that unconfined aquifers 
have much higher storativity than confined aquifers 
(specific yield is much larger than specific storage). 
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Figure 2-5. Depth to water in observation well OW2 during the aquifer test.
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Figure 2-6. Depth to water in observation well PW during the aquifer test.
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2.5 Summary
The silty sand of the Renova Formation at this site 

had a transmissivity of about 75 ft2/d and an average 
storativity of about 8 x 10-6. Our interpretation indi-
cates that this portion of the Renova Formation is a 
leaky-confined aquifer, and appears to be connected to 
the shallow Quaternary alluvium, and to the Jefferson 
River.

 3 HCC BENCH TESTS

3.1 Background
3.1.1 Purpose of Test

This test was designed to estimate the transmis-
sivity (T) and storativity (S) of the Tertiary Renova 
Formation. These results aided in the development of 
groundwater flow models to address the objectives of 
the Upper Jefferson Groundwater Investigation.

3.1.2 Test Location

Two wells were installed on the bench on the east 
side of the Jefferson Valley, in T. 2 S., R. 5 W., sec. 9 
(figs. 3-1 and 3-2; table 3-1; appendix 3A). This site is 

2.7 mi east of Silver Star, and 0.7 mi from the nearest 
residence. 

3.1.3 Test Type

We performed a step-test and a 50-h constant-rate 
aquifer test. The step-test was performed on 2/16/2015 
and the 50-h test ran from 2/17/2015 to 2/19/2015. 
Water-level recovery data were monitored until 
2/23/2015. During the 50-h test the time-weighted 
average pumping rate was 11 gpm. Drawdown and 
recovery were monitored in the pumping well and one 
observation well.

3.1.4 Hydrogeologic Setting

The stratigraphy is interlayered silty sand and silty 
gravel from 0 to 105 ft, silty clay from 105 to 115 
ft, gravel and sandy silt from 115 to 135 ft, and silty 
gravel with some sand from 135 to 220 ft (appendix 
3A). The pumping and observation wells were in-
stalled to total depths 220 and 222 ft bgs, respectively, 
and were constructed with 10-ft screen (table 3-1). 
These wells are completed within the Renova Forma-
tion.
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Figure 2-7. Depth to water in observation well OW3 during the aquifer test. Note that this hydrograph is at a dif-
ferent scale than those for the other observation wells.
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3.1.5 Hydrologic Features

This site is on a bench above the floodplain, upgra-
dient of all irrigation canals. There are several center-
pivot irrigated fields adjacent to this site (fig. 3-2). The 
test was conducted in February, when there is little 
potential for influence from irrigation.

3.2 Field Procedure
A step-test was conducted on 2/16/2015 to deter-

mine a sustainable pumping rate for the constant-rate 
test. From the step-test data it was determined that 
11 gpm would be a reasonable pumping rate. The 
constant-rate aquifer test was scheduled to run for 72 h 
but was terminated after 50 h due to equipment failure. 

Figure 3-1. The HCC bench aquifer test site is located on the bench east of the Jefferson River approximately 2.7 mi east 
of the town of Silver Star, Montana.
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Figure 3-2. The HCC bench aquifer test site had a pumping well and an observation well completed in the Renova 
Formation. During the tests, water was discharged approximately 300 ft northwest of the pumping well.
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Figure 3-3. The hydrograph for PW showed a slight downward antecedent trend. Time-weighted corrections were 
applied to remove these effects.
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3.3 Data Collection
A vented pressure transducer was installed in 

each well. The observation well (OW) transducer was 
installed on 2/11/2015, and the pumping well (PW) 
transducer was installed along with the pump on 
2/16/2015. Each transducer recorded water levels at 
1-min intervals. An e-tape was used to collect depth 
to water (DTW) readings prior to installation of the 
transducers, throughout the tests, and during the recov-
ery period. These measurements were used to calibrate 
transducer response, and to provide a backup in case 
of transducer malfunction. 

Pumping rates were monitored using a bucket and 
stopwatch and a totalizing flow meter. During the first 
4 h of the 72-h test, we measured flow on average ev-
ery 10 min. The maximum interval between discharge 
measurements was 230 min (~4 h).

Water-level data and pumping rates are available 
from GWIC using the wells’ GWIC ID numbers (table 
3-1), and accessing the applicable aquifer test infor-
mation (e.g., Form 633 data; http://mbmggwic.mtech.
edu).

3.4 Results
A downward antecedent trend in groundwater 

levels was noted during the constant-rate test. Time-
weighted corrections were applied to results to cor-
rect for this trend. Trend-corrected data are shown in 
figures 3-3 and 3-4.

3.4.1 Water-Level Response

The maximum recorded drawdown in the pumping 
well (PW) was 32.9 ft (table 3-1; fig. 3-3). Drawdown 
in PW showed a rapid initial decline followed by grad-
ually declining water levels. The rate of drawdown 
decreased throughout the test. Well PW exhibited a 
rapid response to the cessation of pumping, reaching 
90% recovery in about 4 min (fig. 3-3).

Drawdown in OW reached a maximum of 2.3 ft. 
The shape of the hydrograph was similar to that of PW 
(fig. 3-4).

3.4.2 Aquifer Properties

The hydrogeologic setting, known hydrologic 
features, and derivative plots indicate that there was 
an unconfined response to the test (appendix 3B). 
Therefore, aquifer properties were determined using 
observations from OW and an unconfined solution 
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(Neuman, 1974). AQTESOLV was used to analyze the 
aquifer test data. These results indicated a transmissiv-
ity value of 255 ft2/d, and a storativity of 0.2.

3.5 Summary
The tested portion of the Renova Formation (silty 

gravel with some sand) has a transmissivity of about 
255 ft2/d, and a storativity of about 0.2. The aquifer 
test showed an unconfined response, and did not reveal 
any boundary effects.

 4 HUNT TESTS
4.1 Background

4.1.1 Purpose of Test

This test was designed estimate the transmissiv-
ity (T) and storativity (S) of the Quaternary alluvial 
aquifer. These results aided in the development of 
groundwater flow models to address the objectives of 
the Upper Jefferson Groundwater Investigation.

4.1.2 Test Location

Three wells were installed in the floodplain east of 

the Jefferson River, near Waterloo, in T. 1 S., R. 5 W., 
sec. 24 (figs. 4-1 and 4-2; table 4-1), and 1.6 mi south-
east of Parson’s Bridge. The site is used as a pasture 
(fig. 4-2) and is 0.3 mi from the nearest residence.

4.1.3 Test Type
We performed a step-test and a 55-h constant-

rate aquifer test. The step-test was performed on 
2/23/2015, and the 55-h test ran from 2/24/2015 to 
2/26/2015. Water-level recovery was monitored until 
3/6/2015. During the 55-h test the time-weighted 
average pumping rate was 433 gpm. Drawdown and 
recovery were monitored in the pumping well and two 
observation wells (table 4-1).

4.1.4 Hydrogeologic Setting
The stratigraphy is silty sand from 0 to 12 ft, clay 

from 12 to 18 ft, silty sand and gravel from 18 to 20 ft, 
and gravel with little sand from 20 to 60 ft (appendix 
4A). These unconsolidated materials are Quaternary 
alluvium (Vuke and others, 2004). The pumping and 
observation wells were installed in the deepest gravel 
(table 4-1), and the static water level was approximate-
ly 7 ft below ground surface. Wells were completed 
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Figure 3-4. The hydrograph for OW showed a slight downward antecedent trend during the 50-h test. Time-
weighted correction was used to remove trend.
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using steel casing with open bottoms, and perforations 
(table 4-1; appendix 4A).

4.1.5 Hydrologic Features

This site is a pasture located in the floodplain of 
the Jefferson River. It is downgradient from the Parrot 

Canal, and adjacent to irrigated fields. Two groundwa-
ter-fed streams (WET, written commun., 2006), Par-
son’s Slough and Willow Springs Creek, are located 
1.1 and 0.5 mi from the site. The Jefferson River is 
approximately 1.8 mi west of the site (fig. 4-1). The 

Figure 4-1. The Hunt aquifer test site was located in the floodplain east of the Jefferson River. This site is 1.6 mi south-
east of Parson’s Bridge.
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wells were installed adjacent to a wetland area (figs. 
4-1 and 4-2).

4.2 Field Procedure
A step-test was conducted on 2/23/2015 to deter-

mine a sustainable pumping rate for a constant-rate 
test. From the step-test data it was determined that a 
pumping rate of 450 gpm would be appropriate. 

Although scheduled for 72 h, the constant-rate 
aquifer test was terminated after 55 h due to equip-
ment failure. During the constant-rate test, the time-
weighted mean pumping rate was 433 gpm. Consider-
able variation in pumping rates occurred near the end 
of the test due to pump failure.

4.3 Data Collection
A vented pressure transducer was installed in each 

well. The observation well transducers were installed 
on 2/18/2015, and the pumping well transducer was 
installed along with the pump on 2/23/2015. Each 

transducer was programmed to record water levels at 
1-min intervals. Manual water-level measurements 
were made using an e-tape prior to placing transduc-
ers, during the test, and during recovery. These mea-
surements were used to calibrate transducer response, 
and to provide a backup in case of transducer malfunc-
tion. 

Pumping rates were monitored using a totalizing 
flow meter. Discharge measurements were made more 
frequently at the start of the test, and near the end 
when the pump began to fail. The maximum interval 
between discharge measurements was 273 min (~4.6 
h).

All water-level data and pumping rates are avail-
able from GWIC by using the wells’ GWIC ID num-
bers (table 4-1) and accessing the applicable aquifer 
test information (e.g., Form 633 data; http://mbmgg-
wic.mtech.edu/). 

Figure 4-2. At the Hunt aquifer test site one pumping well and two observation wells were completed in the uncon-
solidated alluvium (table 3-1). During the tests, produced water was discharged approximately 300 ft northeast of the 
pumping well.
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4.4 Results
Although this test was conducted in February to 

avoid interference from irrigation practices, static 
groundwater levels changed slightly during the con-
stant-rate test. Therefore, time-weighted corrections 
were applied to measurements (figs. 4-3 to 4-6).

4.4.1 Water-Level Response

During the constant-rate test the maximum draw-
down in the pumping well (PW) was 15.2 ft (fig. 
4-3). Drawdown in PW showed a rapid initial decline 
followed by gradually declining water levels. Fluctuat-
ing water levels observed near the end of the test are 
attributed to variation in the pumping rate as the pump 
failed. PW exhibited a rapid recovery after the cessa-
tion of pumping, reaching 90% recovery in less than 1 
min (fig. 4-3).

The maximum drawdowns in both observation 
wells were 1.2 ft. These hydrographs were similar to 
that of PW (figs. 4-5 and 4-6).

4.4.2 Aquifer Properties

The hydrogeologic setting, known hydrologic 
features, and derivative plots indicate that there was an 
unconfined response to the test, with a nearby recharge 
source (appendix 4B). Aquifer properties were deter-
mined using observations from the two observation 
wells (OW1 and OW2), an unconfined solution (Han-
tush and Jacob, 1955), and a constant head boundary 
set at the edge of the wetland (100 ft to the north). 
AQTESOLV was used to analyze the aquifer test data. 
These results indicated transmissivity values between 
41,000 and 44,500 ft2/d, and a storativity value of 
about 0.14.

4.5 Summary
The transmissivity of the gravel at this site ranges 

from 41,000 to 44,500 ft2/d, and has a storativity of 
about 0.14. An unconfined solution with a nearby 
constant-head boundary replicates observations, indi-
cating that the clay overlying the gravel aquifer is not 
laterally continuous, and this aquifer is hydraulically 
connected to the wetlands.
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Figure 4-3. The hydrograph for PW shows an antecedent trend in water levels, so a time-weighted correction was 
applied to remove this effect. This is shown in greater detail in figure 3-4. The maximum drawdown during the 
constant-rate test (after correction) was 15.2 ft.
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Figure 4-4. The hydrograph for PW shows an antecedent trend in water levels during the aquifer tests. This 
chart shows the groundwater levels at a higher resolution to illustrate the antecedent trend. For a full scale 
hydrograph see figure 3-3.
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Figure 4-5. This hydrograph shows changes in water levels in OW1 during the aquifer tests. There was a slight 
downward trend during the test, so a time-weighted correction was applied to remove the effect of this antecedent 
trend.The maximum drawdown (after correction) during the constant-rate test was 1.2 ft.
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Figure 4-6. This hydrograph shows changes in water levels in OW2 during the aquifer tests. There was a 
slight downward trend during the test, so a time-weighted correction was applied to remove the effect of this 
antecedent trend. The maximum drawdown (after correction) during the constant-rate test was 1.2 ft.
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5 LAZY TP FLOODPLAIN TESTS

5.1 Background
5.1.1 Purpose of Test

This test was designed to estimate the transmis-
sivity (T) and storativity (S) of the Renova Forma-
tion. Potential hydrologic connection to the overlying 
alluvial aquifer was also evaluated. These results aided 
in the development of groundwater flow models to 
address the objectives of the Upper Jefferson Ground-
water Investigation.

5.1.2 Test Location
Three wells were installed in the floodplain be-

tween the Jefferson River and Slaughterhouse Slough 
(fig. 5-1; table 5-1; appendix 5A). The wells are 
located in T. 1 N., R. 4 W., sec. 11, 2 mi southeast 
of Whitehall. The site is located next to an inactive 
flooded gravel pit and an irrigated field (fig. 5-2). It is 
0.7 mi from the nearest residence.

5.1.3 Test Type
We performed a step-test and a 72-h constant-rate 

aquifer test. The step-test was conducted on 3/6/2015, 
and the 72-h test ran from 3/16/2015 to 3/19/2015. 
Water-level recovery was monitored until 3/30/2015. 
During the 72-h test, the time-weighted average pump-
ing rate was 21.3 gpm. Drawdown and recovery were 
recorded in the pumping well and two observation 
wells (table 5-1).

5.1.4 Hydrogeologic Setting
The stratigraphy includes gravel and sand from 0 

to 20 ft, clay and gravel from 20 to 25 ft, and interbed-
ded sand and mudstone from 25 to 60 ft (appendix 
5A). The wells were installed in a sand-dominated 
portion of the interbedded sand and mudstone zone 
(table 5-1), and the static water level was approximate-
ly 7 ft below ground surface. The wells are completed 
in the Tertiary Renova Formation (Vuke and others, 
2004). The overlying shallow sand and gravel (0–20 
ft) is Quaternary alluvium.

5.1.5 Hydrologic Features
This site is in the floodplain of the Jefferson River, 

approximately 0.4 mi north of the river. The Slaugh-
terhouse Slough (an ancestral channel of the Jefferson 
River) is located approximately 0.2 mi north of the site 
(fig. 5-1). Water produced during the aquifer test was Ta
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discharged to the flooded gravel pit, approximately 
200 ft north of the site (fig. 5-2). 

5.2 Field Procedure
A step-test was conducted to determine a sustain-

able pumping rate for the constant-rate test. From the 
step-test data a pumping rate of 22 gpm was selected 
for the constant-rate test. The constant-rate test ran for 
72 h, from 3/16/2015 to 3/19/2015. 

Figure 5-1. The Lazy TP Floodplain test site is located between the Jefferson River and Slaughterhouse Slough. This site 
is approximately 2 mi southeast of Whitehall.
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5.3 Data Collection
Manual depth to water measurements were taken 

at this site using an e-tape from September 2014 to 
May 2015. A non-vented transducer was installed in 
OW1 in October 2014 and ran until May 2015 (fig. 
5-3). The readings from the non-vented transducer 
were corrected for barometric pressure variations 
based on data from a barometric logger located near 
Cardwell.

A vented pressure transducer was installed in 
each well prior to the start of the tests. On 2/3/2015 
the transducer for OW2 and the pump for PW were 
installed. The transducers for PW and OW1 were 
installed before the start of the step-test on 3/6/2015, 
and at that time all vented transducers were programed 
to record at 1-min intervals. Manual depth to water 
readings were made prior to placing the transducers 
throughout the tests, and during recovery (figs. 5-4 
to 5-7). These manual measurements were used to 

calibrate transducer response and served as a backup 
in case of transducer malfunction. 

Pumping rates were monitored using a totaliz-
ing flow meter and bucket and stopwatch. Discharge 
measurements were made more frequently at the start 
of the test; during the first 4 h discharge measurements 
were made on average every 15 min. The maximum 
interval between discharge measurements was 363 
min (~6 h).

All water-level data and pumping rates are avail-
able from GWIC by using the wells’ GWIC ID num-
bers (table 5-1) and accessing the applicable aquifer 
test information (e.g., Form 633 data; http://mbmgg-
wic.mtech.edu/). 

5.4 Results
Static groundwater levels changed noticeably dur-

ing the constant-rate test, coincident with increases 
in the stage of the Jefferson River. As such, time-

Figure 5-2. The Lazy TP Floodplain test site had a pumping well (PW) and two observation wells installed in the 
Renova Formation. During the tests, water was discharged into the unused flooded gravel pit approximately 225 ft 
north of the pumping well.
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Figure 5-3. Transducer data were collected in OW1 from October 2014 to May 2015. Changes in water levels 
appear to correlate with changes in stage in the Jefferson River, which are partly due to ice jams in the winter.
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Figure 5-4. The hydrograph for PW during the constant-rate test shows changes in water levels during the 
aquifer tests; however, at a scale that shows all of the drawdown, the effect of antecedent trends cannot be 
clearly seen. Figure 5-5 shows the antecedent trend at a higher resolution. Maximum detrended drawdown 
during the constant rate test was 21.8 ft.
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Figure 5-5. The hydrograph for PW shows changes in water levels during the constant-rate aquifer test. This 
chart shows the groundwater levels at a higher resolution to more clearly illustrate the antecedent trend. For 
a full scale hydrograph see figure 5-4.
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Figure 5-6. This hydrograph shows changes in water levels in OW1 during the constant-rate aquifer test. 
Maximum detrended drawdown was 2.7 ft.
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weighted corrections were applied to account for the 
antecedent trends (figs. 5-4 to 5-7).

5.4.1 Water-Level Response

The maximum drawdown in the pumping well 
(PW) was 21.8 ft. Water levels in this well declined 
rapidly at the start of pumping, followed by gradually 
increasing water levels (fig. 5-4). This upward trend 
reflected the overall rise in groundwater levels during 
the test. Corrections applied to the depth to water mea-
surements removed most of this trend. After pumping 
ceased, the water level reached 90% recovery in 14 
min (figs. 5-4 and 5-5). 

The observation well hydrograph shapes are 
similar to that of PW (figs. 5-6 and 5-7). OW2 showed 
more drawdown than OW1 (4.2 vs. 2.7 ft).

5.4.2 Aquifer Properties

The hydrogeologic setting, known hydrologic 
features, and derivative plots indicate that there was 
a leaky-confined response to the test (appendix 5B). 
Aquifer properties were determined using observations 
from the two observation wells (OW1 and OW2) and 
a leaky-confined solution (Hantush and Jacob, 1955). 

AQTESOLV was used to analyze the aquifer test data. 
These results indicated transmissivity values between 
310 and 440 ft2/d, and storativity values between 8 x 
10-4 and 2 x 10-3. The test results support the interpre-
tation of a sand aquifer within the interbedded sand 
and mudstone of the Renova Formation.

5.5 Summary
The sand aquifer in the Renova Formation had 

transmissivity values between 310 and 440 ft2/d. 
Storativity values ranged from 8 x 10-4 to 2 x 10-3. A 
leaky-confined solution was needed to replicate obser-
vations, showing that the Renova Formation and the 
overlying alluvial aquifer are hydraulically connected. 
Long-term monitoring also showed that groundwater 
levels in this aquifer respond to changes in river stage 
(fig. 5-3).

 6 LAZY TP BENCH TESTS

6.1 Background
6.1.1 Purpose of Test

This test was designed to estimate the transmissiv-
ity (T) and storativity (S) of the Renova Formation.  
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Figure 5-7. This hydrograph shows changes in water levels in OW2 during the constant-rate aquifer test. 
Maximum detrended drawdown was 4.2 ft.
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These results aided in the development of groundwater 
flow models to address the objectives of the Upper Jef-
ferson Groundwater Investigation.

6.1.2 Test Location

Two wells were installed on the Parrot Bench, 
south of the Jefferson River floodplain, in T. 1 N., R. 
4 W., sec. 13, 3.5 mi southeast of Whitehall (fig. 6-1; 
table 6-1). The site is located next to the Parrot Canal, 
and between two irrigated fields (fig. 6-2). The nearest 
residence was under construction during the test, and 
is about 400 ft to the south. 

6.1.3 Test Type

We performed a step-test and a 72-h constant-
rate aquifer test. The step-test was conducted on 
3/20/2015, and the 72-h test ran from 3/23/2015 to 
3/26/2015. Water-level recovery was monitored until 
3/30/2015. During the 72-h test, the time-weighted 
average pumping rate was 25.2 gpm. Drawdown and 
recovery were monitored in the pumping well and one 
observation well (table 6-1).

6.1.4 Hydrogeologic Setting

The stratigraphy is silt and sand with some gravel 
from 0 to 105 ft, semi-lithified mudstone from 105 to 
145 ft, and medium to fine sand from 145 to 183 ft 
(appendix 6A). The wells were both installed in the 
deep sand zone, and the static water level was approxi-
mately 100 ft bgs. This material is the Tertiary Renova 
Formation (Vuke and others, 2004). 

6.1.5 Hydrologic Features
This site is approximately 100 ft north of the Par-

rot Canal, and is located between two center pivots 
(fig. 6-2). The canal was shut off in October, and the 
test was conducted in March to minimize the effects of 
canal leakage. However, long-term monitoring shows 
that groundwater levels decrease continually while the 
canal is not on, and rise when it is turned on (fig. 6-3). 
Monitoring for this test showed that water levels were 
following a downward antecedent trend for the dura-
tion of the test (figs. 6-4 and 6-5). Water levels contin-
ued to decrease through late April, and rose when the 
canal was turned on.

6.2 Field Procedure
A step-test was performed on 3/20/2015 to deter-

mine a sustainable pumping rate for the constant-rate 
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test. From the step-test data we determined that a 
pumping rate of about 25 gpm would be appropriate 
for the constant-rate test. The constant-rate test ran for 
72-h, from 3/23/2015 to 3/26/2015.

6.3 Data Collection
Vented pressure transducers were used to re-

cord water levels at 1-min intervals in the pump-
ing well (PW) and the observation well (OW). The 
vented transducers were installed with the pump on 
3/17/2015, and were removed on 3/30/2015. Manual 

Figure 6-1. The Lazy TP bench test site is located on the Parrot Bench south of the Jefferson River, and approximately 
3.5 mi southeast of Whitehall, Montana.
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Figure 6-2. The Lazy TP bench test site had a pumping well and an observation well completed in the Renova For-
mation. During the tests, water was discharged approximately 200 ft north, and downhill from the pumping well. 
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Figure 6-3. Monitoring of PW from 2015 to 2018 shows that each year water levels rise as the Parrot canal is turned 
on, and then fall after it is shut off. This suggests that the canal and associated irrigation affect the groundwater levels 
in the well despite the local confinement caused by the overlying mudstone.
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Figure 6-4. The hydrograph for PW during the constant-rate test shows a slight downward trend, so a time-
weighted correction factor was applied. The maximum detrended drawdown during the test was 12.0 ft.
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Figure 6-5. The hydrograph for OW during the constant-rate test shows a slight downward trend, so a time-
weighted correction factor was applied. The maximum detrended drawdown during the test was 0.9 ft.
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readings of water levels were made for all wells using 
an e-tape prior to placing transducers, during the test, 
and during recovery. These measurements were used 
to calibrate transducer response, and provided backup 
in case of transducer malfunction (figs. 6-4 and 6-5). 

Pumping rates were monitored using a totaliz-
ing flow meter and bucket and stopwatch. Discharge 
measurements were made more frequently at the start 
of the test, with the average interval during the first 
4 h being 10 min. The maximum interval between 
discharge measurements during this test was 246 min 
(~4 h).

All water-level data and pumping rates are avail-
able from GWIC by using the wells’ GWIC ID num-
bers (table 6-1) and accessing the applicable aquifer 
test information (e.g., Form 633 data; http://mbmgg-
wic.mtech.edu/). 

6.4 Results
During the constant-rate test there was a slight 

downward antecedent trend. As such, a time-weighted 
correction was applied to the data so that static water 
levels before and after the test were equal (figs. 6-4 
and 6-5).

6.4.1 Water-Level Response

The maximum drawdown in PW was 12.3 ft. 
Drawdown in this well showed a rapid initial decline 
followed by gradually decreasing water levels (fig. 
6-4). After pumping ceased, PW reached 90% recov-
ery in less than 2 min (fig. 6-4). Drawdown and recov-
ery in the observation well were more gradual, and the 
maximum drawdown was 0.9 ft (fig. 6-5).

6.4.2 Aquifer Properties

The hydrogeologic setting, known hydrologic 
features, and derivative plots indicate that there was a 
confined response to the test (appendix 6B). Aquifer 
properties were determined using observations from 
OW and a confined solution (Theis, 1935). AQTE-
SOLV was used to analyze the aquifer test data. These 
results indicated a transmissivity value of 5,800 ft2/d 
and a storativity value of 5.2 x 10-5. 

6.4 Summary
The sand aquifer in the Renova Formation at this 

site has a transmissivity of about 5,800 ft2/d, and a 
storativity of about 5.2 x 10-5. The test results suggest 

that the aquifer is confined at this location, but long-
term monitoring at this site indicates that this aquifer 
responds to changes in canal operations, indicating 
that the confining layer is not laterally continuous. 
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Appendix 2A—HCC Floodplain Well Logs
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Appendix 2B—HCC Floodplain Aquifer Test Analysis 

 
The derivative plot for observation well PW (gray symbols) indicates a leaky confined aquifer, or a 
nearby recharge boundary (Renard and others, 2009). Testing combinations of confined and leaky‐
confined solutions with and without nearby recharge boundaries showed that a leaky‐confined solution 
with no constant head boundary was the best fit with observations. Therefore, the Hantush model was 
used to simulate this test.   



36

Bobst and Gebril, 2020

 

The derivative plot for observation well OW2 (gray symbols) indicates a leaky‐confined aquifer, or a 
nearby recharge boundary (Renard and others, 2009). Testing combinations of confined and leaky‐
confined solutions with and without nearby recharge boundaries showed that a leaky‐confined solution 
with no constant head boundary provided the best fit with observations. Therefore, the Hantush model 
was used to simulate this test. 
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Appendix 3A—HCC Bench Well Logs
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Appendix 3B—HCC Bench Aquifer Test Analysis 

 

The derivative plot for observation well OW (gray symbols) indicates an unconfined aquifer (Renard and 
others, 2009).  We used the Neuman solution to simulate this test.   
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Appendix 4A—Hunt Well Logs
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Appendix 4B—Hunt Aquifer Test Analysis 

 

The derivative plot for observation well OW1 (gray symbols) indicates an unconfined aquifer, with a 
nearby recharge boundary (Renard and others, 2009). The Neuman unconfined solution was used along 
with a constant head boundary 100 ft to the west, representing the wetland near the site. 
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The derivative plot for observation well OW2 (gray symbols) indicates an unconfined aquifer, with a 
nearby recharge boundary (Renard and others, 2009).  The Neuman unconfined solution was used along 
with a constant head boundary 100 ft to the west, representing the wetland near the site. 
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Appendix 5A—LTP Floodplain Well Logs 
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Appendix 5B—LTP Floodplain Aquifer Test Analysis 

 

The derivative plot for observation well OW1 (gray symbols) indicates a leaky‐confined aquifer (Renard 
and others, 2009). We used the Hantush‐Jacob leaky‐confined solution, without aquitard storage, to 
simulate this test. 



49

Montana Bureau of Mines and Geology Open-File Report 727

 

The derivative plot for observation well OW1 (gray symbols) indicates a leaky‐confined aquifer (Renard 
and others, 2009). We used the Hantush‐Jacob leaky‐confined solution, without aquitard storage, to 
simulate this test.   
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Appendix 6A—LTP Bench Well Logs 
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Appendix 6B—LTP Bench Aquifer Test Analysis 

 

The derivative plot for the observation well OW (gray symbols) indicates a confined aquifer (Renard and 
others, 2009). We used the Theis solution to simulate this test. 

 


