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. Background

St. Mary Diversion Dam

St. Mary Diversion Dam and Canal are components of the Milk River Project,
located in northern Montana, approximately 0.75 miles downstream of Lower St.
Mary Lake in Glacier County shown below in Figure 1. The existing diversion
dam spans the St. Mary River and is a 198-foot-long concrete overflow weir that
is approximately 6 feet in height and was constructed in 1915. The structure
incorporates a 5-foot-deep concrete cutoff sited at the upstream toe. The dam
diverts waters into the St. Mary Canal through a turnout consisting of eight 5-foot
square slide gates located on the west bank of the river. The proposed replacement
of the existing structures is due to both aging infrastructure and concerns over
developing adequate fish passage at the dam and from the canal back to the river.

The Milk River Project irrigates about an eighth of a million acres of land
extending from near Havre, Montana to near Nashua, Montana. Project water
originates from glacial runoff from the east slope of the Rocky Mountains in
Glacier National Park and is impounded by Lake Sherburne Dam. Waters are then
routed to Lower St. Mary Lake through Swiftcurrent Creek. Water is
subsequently released and diverted from St. Mary River into the 29-mile-long St.
Mary Canal through the aforementioned structures. After intercepting the Milk
River, the conveyance continues for over 200 miles through Alberta before re-
entering the United States, ultimately being impounded in either the Fresno or
Nelson Reservoirs where it is stored until it is needed for irrigation. The earliest
work on the Milk River Project was on the St. Mary Canal which was constructed
from 1907 to 1915 [1].
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Figure 1. — St. Mary Diversion Dam Location Map.
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Historical Groundwater Monitoring and Testing

Groundwater monitoring and testing has been completed at St. Mary Diversion
Dam during the following exploration programs: 2003 [1], 2011 [2], 2013 [3], and
2015 [3]. Most of these explorations recorded groundwater within approximately
one foot of the surface water observed in the St. Mary River or within the St.
Mary Diversion Canal.

The first known attempt at groundwater testing was accomplished in a
Reclamation program in 2003 [1]. Reliability of this testing was suspect since a 5-
7/8-inch tri-cone roller rock bit was used to drill the holes and cuttings were only
visually logged. No development of this hole was documented. The casing was
seated against the sidewalls and the bottom of the hole remained open. A constant
head test was completed by pouring a metered amount of water into the casing
and a constant head was maintained for a given amount of time. This method had
flow rates ranging from 0.07-7.85 gallons per minute (gpm).

In 2011, three test pits were dug, TP11-1BC, TP11-2BC, and TP11-3BC, along
the proposed alignment of the temporary bypass channel for diversion of the St.
Mary River [2]. The groundwater flow rate was estimated at the bottom of the test
pits. The groundwater flowing into the bottom of TP11-1BC and -3BC was
visually estimated to be 45-50 gpm [2]. The estimated groundwater flowing into
the bottom of TP11-2BC was visually estimated to be 30 gpm [2]. The
observations were made by watching the bottom of each test pit once it was
excavated until the sidewalls collapsed. It was noted that the originally turbid
water would clear over time. A submersible pump was intended to be used to
obtain a more accurate flow rate; however, the test pits caved too quickly prior to
the pump being used [2].

In 2013, eight observation wells, OW-13-A, -B2, -C, -D, -E, -F, -G, and -H, were
advanced to record ground water readings, see Figure 2 [3]. The readings in the
observation wells tend to reflect the surface water level in the St. Mary River or
the surface water in the St. Mary Diversion Canal, whichever is closest. These 2-
inch diameter observation wells were attempted to be stressed using a small
diameter submersible pump (Grundfos MP1) and transducers were installed in
four of the wells not containing the pump [3]. However, this pump capacity was
limited to 4.2 gpm and was not sufficient to stress the aquifer. Thus, no
conclusions were drawn from this investigation.

In 2015, a 6-inch diameter pump well, PW-15-01, was installed to facilitate a
pump test. Transducers were placed within OW-13-A, -B2, -C, -D, and -E [3].
These transducers were installed to a troll hub and water levels were measured
using In-Situ virtual software [4] to monitor the test. The results of this test
established a pump rate of around 200 gpm for 29 hours [3]. The hydraulic
conductivity of the alluvium was calculated at 877-1,990 ft/day [3]. These
hydraulic conductivities were outlined in a table in the 2017 Geology Report [3];
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however, no supporting analyses documentation was included within the report.
The following is a list of omitted documentation: drawdown/recovery plots,
analysis methodology and assumptions, and aquifer characteristic assumptions
(confined/unconfined, thickness, anisotropy).

The lack of documentation increases the uncertainty in the calculation of
hydraulic conductivity. The results could not be checked, duplicated, or verified.
For this reason, it was recommended in 2022 to drill an additional pump well to
stress the aquifer, monitor the aquifer within the existing observation wells,
complete a step test to determine the maximum, sustainable pump rate, and
complete a pump out test.

Il. Site Geology

St. Mary Diversion Dam and headworks structure are founded on glacial-alluvium
foundation materials with bedrock located on the right (east) abutment of the
diversion dam. The project site is less than 10-miles from the base of the Rocky
Mountain Range, and only about 20 miles from the high peaks of the continental
divide. Mass wasting and depositional processes have reworked the landscape
several times through geologic time.

Glacial till and glacial outwash mantle the surface across the St. Mary River
basin. Contributions from each drainage that flows off the surrounding mountains
contain alluvial fan deposits. Terraces include lateral moraines on both sides of
the floodplain and extend to Babb, Montana, which is approximately 1.5 miles to
the northwest of the diversion structure.

The historic confluence of Swiftcurrent Creek and the St. Mary River is 500-1000
feet upstream of the diversion structure. The upper 10 to over 50 feet of
foundation sediments are composed of riverbed alluvium, reworked alluvial fan
deposits, and reworked glacial deposits. The sediments will be referred to as
alluvial deposits for continuity with previous reports and to avoid confusion since
differentiation between depositional units is very difficult.

Geologic Units

The following geologic unit descriptions are adapted from the 2017 Geology
Report [3].

1. Fill (fill)
The fill consists of a mixture of construction produced materials that includes

access roadways, diversion canal embankments, abutments to structures, and
waste piles from construction operations. These materials are derived from the
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structure and diversion canal excavation and foundation materials and are often
differentiated only by observing the topography/proximity to structures. The fill
unit was not encountered during the drilling for any of the aquifer testing
performed at St. Mary Diversion Dam.

2. Quaternary Glacial-Alluvium Deposits (Qal)

This unit is a heterogeneous mixture of gradations including a large percentage of
cobbles and boulders by volume in the upper 20-30 feet of the foundation. The
complexity of erosion and deposition at the project site produces classifications
that contain silt and clay percentages as low as a trace to 5% in high energy
depositional environments and as high as 25% in low energy lacustrine
environments. Petrographic analysis of foundation materials was not completed,
but recognized material types include sedimentary clasts of sandstone, siltstone,
argillite, shale, limestone, and dolomite; igneous clasts of granite and gabbro; and
metamorphic clasts of quartzite with several colors represented.

Flooding from the St. Mary River or even Lower St. Mary Lake may be the
possible source of these sediments as the river and/or lake advanced and retreated,
depending on the amount of ice or morainal material blocking the outlet of the
current lake and blockages further downstream. Since the diversion structure is
near the original junction of St. Mary River and Swiftcurrent Creek, local bedrock
is scoured deep across the channel section and left abutment than would be
normal along the flood plain of the current St. Mary River. From recent
investigations, the depth of the bedrock is approximately 78 feet below ground
surface (bgs) in PW-22-1A on the left abutment.

Boulders are common on the ground surface onsite, with the maximum dimension
of approximately 3 feet in diameter. Cobbles are mostly hard and subangular to
subrounded. Gravels are equally coarse to fine, hard to very hard, angular to
subrounded, and contain about 10% to 15% elongated and flat shapes. Sand is
also represented equally by coarse, medium, and fine fractions that are hard,
subangular to rounded rock fragments. The elongated and flat shapes are not as
well represented in sand.

3. Two Medicine Formation (Ktm)

Bedrock at the diversion structure site is the Two Medicine Formation which was
deposited between the western shoreline of the Late Cretaceous interior seaway
and the eastward advancing margin of the Cordilleran Overthrust Belt. The Two
Medicine Formation is mostly deposited by rivers and deltas consisting of
greenish-gray, fine-grained, hard sandstone and/or siltstone containing clay with
local nodular limestone. This sedimentary rock unit can be massive to
crossbedded and locally may contain some coal. Cementation is primarily calcium
carbonate but may also include silica.
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lll. Well Information

Pump well, PW-22-1, was used for the 2022 aquifer testing performed at St. Mary
Diversion Dam and is summarized in Table 1, below. The well was drilled as part
of the 2022 Field Exploration Request (FER). The well completion diagram for
PW-22-1 was recorded and is shown in Appendix A. The locations of the pump
well and ten observations wells used for the aquifer testing are show in Figure 2.
The 2022 Field Exploration Geological Report was not completed at the time of
the writing of this report. The following descriptions of the well were taken from
the well completion diagrams, draft stick logs of the boreholes, and a survey of
the wells.

Table 1. — Pump Well Information for Aquifer Testing

Well ID PW-22-1
Northing 1701416.74
Easting 1025771.85
Ground Surface Elev. (ft)? 4478.6
Stickup (ft) 2.9
Top of Screen bgs’ (ft) 12.0
Bottom of Screen bgs’ (ft) 64.4
Bottom of Well bgs' (ft) 84.5

Notes: (1) bgs: below ground surface
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Figure 2.— Map of St. Mary Diversion Dam showing well locations used for

aquifer testing.
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PW-22-1

PW-22-1 was drilled with a 12-inch inner diameter ODEX downhole hammer.
The outer diameter of the hole and bit was 13 inches, and the inner diameter of
the casing was 12.75 inches. It was assumed the 12.75-inch diameter is a more
representative diameter of the installed well due to collapse of the surrounding
sands and gravel.

The well was installed with a 9.976-inch inner diameter (I.D.) and 10.75-inch
outer diameter (O.D.) 304 stainless steel wire-wrapped screen and Schedule 40
Polyvinyl Chloride (PVC) of the same diameter above the screened interval. A
12.75-inch diameter metal standpipe with a metal locking cap was installed as
well. A 1-inch I.D. blank PVC pipe was installed inside the casing as a stilling
well for the transducer. The perforations for PW-22-1 were 0.02-inch slot width
and the filter pack installed was a 1-inch-thick annular space filled with #8 to #12
sand. It was assumed the open area of the slotted section is approximately 48
square inches per foot of well screen. See Appendix A for a diagram of the well
geometry and drill logs.

The well design is slightly unconventional, as there is only 1-inch-wide annular
space. This was designed due to the drill rig size limitations. A larger drill bit was
not easily available, and the I.D. of the casing could not be decreased without
interfering with the required pump diameter. Therefore, the annular space was
decreased. The purpose of the filter pack, in this case, was to make sure the
surface seal did not come in contact with the slots and did not serve the typical
purpose of a filter pack (which is to filter the water coming into the well and keep
the foundation material in place during pumping).

The well was developed via airlifting along the entire screen length post drilling.
The well was redeveloped again prior to the aquifer testing via airlifting, at the
same time, all the existing wells were redeveloped.

PW-22-1A

PW-22-1A was a companion well to PW-22-1. PW-22-1A was installed using a
sonic drill and was used for logging and sampling the foundation material. PW-
22-1A is located approximately 9-feet northwest of PW-22-1. The sonic drill has
an 8-inch diameter casing and 7-inch diameter core barrel. The well was
completed as an observation well with a 2-inch diameter, Schedule 40 PVC pipe.
The PVC slot size for PW-22-1A was 0.02-inch width and the filter pack installed
was a 2.5-inch-thick annular space filled with #8 sand. PW-22-1A was developed
via airlifting along the entire screen length prior to the aquifer testing. See
Appendix A for a diagram of the well geometry and drill logs.
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Observation Wells

Nine existing wells onsite were used as observation wells for the aquifer tests.
The wells were drilled as part of the 2013 and 2015 geologic investigations and
completed as observation wells and pumping wells.

In 2013, eight observation wells (OW-13-A through -H), were drilled using a
truck mounted CME-85 drill and 4.25 inner diameter hollow stem auger (HSA)
with a center bit and split barrel used for sampling. The outer diameter of the
HSA was 8.5-inches. The wells were completed as observation wells with a 2-
inch diameter, Schedule 40 PVC pipe. The slot size for the observation wells were
not documented. The annular space was filled with filter pack material for OW-
13-A and OW-13-C ranging from #8 to #12 sand. For the remaining observation
wells, the filter pack material ranged from #10 to #20 sand. See Appendix A for
drill logs and completion diagrams for these eight observation wells.

In 2015, pump well PW-15-01, was drilled using a truck mounted Atlas-Copco
T3W with a 12-inch diameter steel casing and a rock bit with an unknown
diameter. The well was completed as a pump well with a 6-inch outer diameter,
90 wire-316 stainless steel-pump well screen and Schedule 40 PVC riser pipe of
the same diameter. The slot size was not documented and the annular space
around the screen was filled with a filter pack material composed of ASTM C33-
02A fine aggregate [5]. See Appendix A for the drill log and completion diagram
for the pump well.

All the existing nine wells were developed via airlifting along the entire screen
length prior to executing the aquifer test. A summary of the wells used as
observations wells for the pump out test is outlined in Table 2.
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Table 2. — Summary of observation well information for pump out tests

Well ID OW-13-A OW-13-B2 OW-13-C OW-13-D
Northing 1,701,391.0 1,701,392.0 1,701,408.0 1,701,515.0
Easting 1,025,857.0 1,025,828.0 1,025,725.0 1,025,775.0
Ground Surface Elev. (ft) 4483.4 4481.6 4481.2 4481.2
Stickup (ft) 3.05 2.76 2.72 3.02
Top of Screen bgs’ (ft) 23.0 24.0 23.0 25.0
Bottom of Screen bgs’ (ft) 33.0 34.0 33.0 35.0
Bottom of Well bgs' (ft) 34.0 35.0 34.0 39.5
Well ID OW-13-E OW-13-F OW-13-G OW-13-H
Northing 1,701,526.0 1,701,560.0 1,701,710.0 1,702,019.0
Easting 1,025,799.0 1,025,951.0 1,025,963.0 1,025,938.0
Ground Surface Elev. (ft) 4480.7 44854 4485.0 4485.0
Stickup (ft) 2.20 1.74 3.66 3.26
Top of Screen bgs' (ft) 28.0 28.0 29.5 29.0
Bottom of Screen bgs' (ft) 38.0 38.0 39.5 39.0
Bottom of Well bgs' (ft) 39.0 40.0 40.5 40.0
Well ID PW-15-01 Well ID PW-22-1A
Northing 1,701,480.0 Northing? 1701425.48
Easting 1,025,785.0 Easting? 1025769.07
Ground Surface Elev. (ft) 4481.0 Ground Surface Elev.? (ft) 4478.6
Stickup (ft) 2.4 Stickup (ft) 2.8
Top of Screen bgs' (ft) 15.5 Top of Screen bgs' (ft) 44 1
Bottom of Screen bgs’ (ft) 35.5 Bottom of Screen bgs’ (ft) 54.1
Bottom of Well bgs” (ft) 38.0 Bottom of Well bgs” (ft) 56.1

Notes: (1) bgs: below ground surface

Laboratory Testing

Laboratory testing was completed on samples collected during drilling of PW-22-
1A. Eleven samples were submitted to Reclamation’s Provo Area Office
Materials Laboratory. The samples were tested for physical properties including
Atterberg limits, gradations, and hydrometer analysis. The results of the testing
are summarized in Appendix B.

The results of the index testing displayed that the samples were classified

predominately as a well-graded gravel with silty clay and sand (GW-GC)s, a silty,
clayey gravel with sand (GC-GM)s and with layers of lean clay (CL) and silt

10
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(ML). The plasticity index ranged from non-plastic to 17, with an average
plasticity index of 6.3.

IV. Step-Drawdown Test

A step-drawdown test was performed at St. Mary Diversion Dam as part of the
2022 FER. The purpose of the step-drawdown test was to determine the
maximum sustainable pump rate for the pump out test. The test was performed in
PW-22-1. The equipment used and procedures followed are described below.

Equipment
The equipment used to conduct the step-drawdown tests include the following:

e In-Situ Products:
o 10 Level TROLL 700, pressure transducer and data logger
o USB TROLL Com
o Rugged Cable
o Hermit
o Win-Situ 5 software [6]
e Water Level Measuring Tape (M-Scope)
Pump (Grundfos stainless steel submersible pump)
o 6-inch, 40 hp, 650 gpm, Model No. 475S5400-4
Rossum Sand Tester
Turbidimeter
Flow Meter
Discharge line
o 4-inch discharge hose
6-inch steel pipe discharge line
90-degree bend with plug
Straightening vane
Butterfly valve

@)
(@)
@)
(@)

Information regarding the transducers used for the step tests is shown in Table 3.
It should be noted that all pressure transducers used during the tests are vented,
resulting in a gauge pressure, psig, not an absolute pressure. Transducers in wells
OW-13-A, OW-13-C, and OW-13-D had a pressure range of 15 psig. The
remaining pump and observation wells’ transducers had a pressure range of 30

psig.

11
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Table 3.— Level TROLL information

Pressure Range Depth Range | Accuracy’ Accuracy Accuracy
(psig) (ft) (%) (ft) (°C)
15 35 +0.018
+0.05 +0.1
30 69 +0.035

Notes: (1) Accuracy range from -5° to 50 °C

Step-Drawdown Test Procedure

1. Quiet Period and Barometric Pressure

On April 30", 2022, vented transducers were set up down the following wells:
PW-15-01, OW-13-B2, OW-13-D, and OW-13-F. The purpose of setting up the
wells was to perform a quiet period before conducting the step test on PW-22-1.
The transducers were programmed to record the pressure, temperature, and water
level at five-minute intervals.

On May 2™, 2022, vented transducers were set up down the following wells: PW-
22-1 and PW-22-1A. The transducers were allowed to equilibrate downhole for
approximately two hours prior to the test commencing. The transducers were
programmed to record the pressure, temperature, and water level at one second
intervals.

Typically, the information concluded from a step-drawdown test can be utilized to
optimize the observation well spacing from the pump well and only the pump
well is monitored during the step-drawdown test. However, at St. Mary Diversion
Dam, the observation wells were already existing. The transducers needed to be
installed in the well to allow for adequate time to equilibrate prior to the pump out
test. Therefore, the step-drawdown test was recorded/monitored in additional
observation wells beyond the pump well.

The data collected during the quiet period in all transducers is shown in Figure 3,
below. The longest quiet period was recorded in OW-13-F. In OW-13-F, there
was approximately 0.2 feet of displacement. At the start of installing the other
transducers (at approximately 80,000 seconds), the transducer in OW-13-F was
likely bumped, but the data afterwards appear to be sound.

12
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Figure 3.— Observation well displacement and canal gauge height
measurements during quiet period.

2. PW-22-1 Step-Drawdown Test

The step test for PW-22-1 was performed on May 2", 2022. The pump was
installed within the pump well; the impeller elevation was 56.6-57.2 feet bgs and
the base of the pump was set to 60.92 feet bgs. The transducer in the pump well
was installed within the stilling well and placed approximately 62.52 feet bgs.
This is approximately 1.6 to 2.2 feet below the pump and 5.32 to 5.92 feet below
the impeller intake. As a result, the pump well data was noisy while the pump was
operating.

The drawdown data obtained from the step test was monitored in the following
wells: PW-22-1, PW-22-1A, PW-15-01, OW-13-B2, OW-13-C, OW-13-D, OW-
13-F, and OW-13-G. The displacement data obtained from the step test is shown
in Figure 4, below.

The step test was conducted for 7.5 hours using three different pump rates. For the
duration and rates, see Table 4.

Table 4. — Pump Rates and Durations

Duration (Minutes) Pump Rate (gpm)
- 0
55 375
139.2 500
767.7 674
- 0
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The pump test was terminated when the maximum capacity of the pump was
reached (674 gpm). The well recovered to approximately 95% of the original
water level during recovery monitored for approximately 16 hours.

During the step test, sand content was measured using the Rossum Sand Tester.
The results of this testing are discussed in the Water Quality Section.

Displacement vs. Time
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——O0W-13-D

——OW-13-F
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Figure 4.— Displacement during the PW-22-1 step test.

3. Water Quality

Water quality measurements were not performed on the discharged water
throughout the step test using a nephelometer/turbidimeter. A Rossum Sand
Tester was used to measure the sand content of the pumped water. However, the
Rossum Sand Tester was not periodically read throughout the test to note the
sanding rate at a specific time. The Rossum Sand Tester was operated for the
entire duration of pumping, resulting in an average sand content of 1.5mL of sand.

V. Pump Out Test

Following the step test, a pump out test was performed in PW-22-1 at St. Mary
Diversion Dam as part of the 2022 FER. The equipment used and procedures
followed are described below. The pump out test was conducted from May 3-5,
2022.

14



TM-STMD-8312-02-ABV
St. Mary Diversion Dam Aquifer Testing

Equipment

The pump out test followed immediately after the step test recovery concluded.
The equipment and equipment accuracy outlined in Section IV. is also applicable
to the pump out test.

Pump Out Test Procedure

1. Quiet Period and Barometric Pressure

The transducers in the wells were not moved from the step test to the pump out
test. For these transducers, it was assumed that the quiet period from the step test
was applicable to the pump out test. This assumption was made due to the
aggressive schedule required to complete the step-drawdown and pump out test
with the team in the field.

Transducers that were not monitored throughout the duration of the step test were
installed during the step test. The quiet period was not recorded; however, the
transducers had time to equilibrate.

Following the step test, the water elevation within the well recovered 99.6% (e.g.,
within 0.1-feet of original ground water level) when comparing the recorded
water levels prior to the step test to water levels after the step test, based on
manual reading.

2. Pump Out Tests

The pump out test performed on PW-22-1 was conducted from May 3-5, 2022.
The pump rate was initially set to the maximum pump capacity and pumped at an
average rate of 676 gpm, ranging from 670-681 gpm for approximately 18 hours.
This flow rate was determined as the maximum pump capacity but not the
maximum sustainable yield of the well. From the step test, it was determined that
this rate will stress the aquifer enough to gather the data that is needed.

The pump remained in the same location as the step test. The transducer in PW-
22-1 was approximately 1.6 to 2.2 feet below the pump and 5.32 to 5.92 feet
below the impeller intake. Similar to the step test, the pump well data was noisy
while the pump was operating.

The drawdown data obtained for the pump out test was monitored in the
following wells: PW-22-1!, PW-22-1A, PW-15-01, OW-13-A, OW-13-B2, OW-

! Data recorded but not used in the analysis.
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13-C, OW-13-D, OW-13-E, OW-13-F, OW-13-G and OW-13-H. The
displacement data obtained from the pump out test is shown in Figure 5, below.

Anomalous readings were recorded in OW-13-G with the recorded water
elevation increasing by 35 feet. This does not correlate with the manual readings
nor with the surrounding observation wells.

A transducer was not used in OW-13-H, manual readings were obtained.

The well recovered to approximately 99% of the original water level during
recovery monitored for approximately 22.6 hours. The percent recovery in the
pump well and observation wells is shown in Table 5. The well recovered to
approximately 108% in OW-13-F, the reasoning for the additional recovery is
unknown. The value of 108% may appear significant, however, due to the small
displacement (0.27 inches) the difference in recovery is only 0.02 inches.

During the pump out test, turbidity was measured using a nephelometer. The
results of this testing are discussed in the Water Quality Section.

Displacement vs. Time

75

—e—PW-22-1
6> —e—PW-22-1A
OW-15-1
—e— OW-13-A
—e— OW-13-B2

55
—&— OW-13-C
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—&— OW-13-D
—&— OW-13-E
—&— OW-13-F
45
—&— OW-13-G
—@— OW-13-H
- Canal Gauge Height

35

3

Time (s)

Figure 5.— Displacement during the PW-22-1 pump out test.
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Table 5.— Percent Recovery of Initial and Final Water Levels

Well Name Percent Recovery (%)
PW-22-1 98.5%
PW-22-1A 99.2%
PW-15-01 98.2%
OW-13-A 99.0%
OW-13-B 99.0%
OW-13-C 98.9%
OW-13-D 97.5%
OW-13-E 98.5%
OW-13-F 107.9%
OW-13-G 98.2%
OW-13-H 99.8%

3. Drawdown

The drawdown and recovery data recorded during the pump out test in PW-22-1
is shown in Figure 5. Overall, the total drawdown within the closest observation
well (PW-22-1A) was 4.46 feet. The maximum observed drawdown values are
shown in Table 6 for the pump and observation wells.

Table 6.— Maximum observed drawdown during pump out test

Well Name Drawdown (ft) Well Name Drawdown (ft)
PW-22-1 2.99 OW-13-D 1.84
PW-22-1A 4.46 OW-13-E 2.18
PW-15-01 2.56 OW-13-F 0.33
OW-13-A 1.79 OW-13-G 0.29
OW-13-B 243 OW-13-H 0.13
OW-13-C 2.33

Notes: (1) due to noise in the pump well, this reading is not reliable.

4. Water Quality

Water quality measurements were performed on the discharged water throughout
both pump out tests and were taken using only the nephelometer. The Rossum
Sand Tester was not used during the pump out tests. The turbidity testing
performed during the first pump out test showed very little turbidity within the
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effluent water. A total of 16 turbidity measurements were taken over the course of
the test with values ranging from 0.02 to 0.03 nephelometric turbidity unit (NTU).
Overall, there was very little turbidity within the effluent water during the pump

out test, which indicates that the slot sizing and filter pack design were successful.
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Appendix A

Well Completion Diagrams of PW-22-1, PW-22-1A and
Existing Observation Wells



GRANBY_DAM_SONIC 2022 ST. MARY'S DIVERSION DAM FIELD INVESTIGATION.GPJ GRANBY_DAM_SONIC.GDT 4/27/23 10:46:09 AM

FEATURE: St. Mary's Diversion Dam

LOCATION: St. Mary's River

BEGUN: 3/31/22 FINISHED: 4/5/22

DEPTH AND ELEVATION OF WATER
LEVEL AND DATE MEASURED:

13.1ft.

GEOLOGIC LOG OF DRILL HOLE NO. PW-22-1

PROJECT: Milk River

COORDINATES: N 51,9246 E 26,078.0

TOTAL DEPTH: 84.5

DEPTH TO BEDROCK:

(4465.5) 5/3/2022

N/A

STATE: Montana

GROUND ELEVATION: 4478.6 ft.
ANGLE FROM HORIZONTAL: 90
HOLE LOGGED BY: S.Joramo
REVIEWED BY: C.Clark

NOTES

DEPTH
USCS VISUAL
CLASSIFICATION
% CORE RECOVERY

GEOL. UNIT SYM.

HOLE COMPLETION

CLASSIFICATION AND
PHYSICAL CONDITION

LOCATION:

Approximately 105 ft. southwest of the
SW corner of the diversion structure
on the south side of the access road.

PURPOSE OF HOLE:

To collect geotechnical and
hydrologic data regarding the
proposed diversion dam replacement.

DRILLING EQUIPMENT:

Truck mounted Atlas Copco T2W-III
rotary drill.

12.0" ODEX Down the Hole Hammer.
12.75" OD Schedule 40 Weld Down
Casing.

DRILLER:
Cody Kelly (USBR)

DRILLING METHODS:

0.0 to 84.5 ft. - Advanced borehole
with 12.0" ODEX Down the Hole
Hammer 12.75" OD Schedule 40
Weld Down Casing.

DRILLING FLUID:
0.0 to 84.5 ft. - no water added, drilled
with air.

HOLE COMPLETION:

84.51067.0 ft. - Placed 5 - 50Ib
buckets of 3/8" Pel Plug bentonite
pellets and 22, 50lb sacks of 3/8"
bentonite chips.

67.0 to 10.5 ft. - Placed 17, 50Ib
sacks 8x12 filter sand.

64.3 to 12.0 ft. - Placed 52.3' long by
10" ID, 304 Wire Wrapped Stainless
Steel 0.020 weld together screen with
bottom cap.

12.0 to 3.0 ft. above ground - Placed
10" ID schedule 40 flush thread PVC
riser pipe.

10.5 t0 3.0 ft. - placed 3 - 50Ib sacks
of 3/8" bentonite chips.

3.0t0 2.0 ft. - Placed 2 - 50Ib sack of
8x12 filter sand for standpipe
drainage.

2.0 to 3.0 ft. above ground- concreted
in place with 3 - 50Ib sacks a 12"
schedule 40 steel standpipe with
locking cap.

WELL DEVELOPMENT:

4/05/2020 - Water level before
development = 12.3' below ground
surface.

Dual line airlift until turbitity measured
less than 15 NTU.

DRILLING CONDITIONS AND
DRILLERS COMMENTS:
None

Qal NR 0

0.0 to 84.5 ft.
Quaternary Alluvium (Qal):

0.0 to 84.5 ft. ODEX Down the Hole Hammer: No Recovery

COMMENTS:

All depths and water levels are in feet below ground surface unless otherwise noted.
Heading water level measurement is after well development according to ASTM D5521.
Finished date is the day of well development.

ID = inner diameter
OD = outer diameter

LL = Liquid Limit
PL = Plastic Limit

NR = norecovery MC = Moisture Content

Coordinates are LOCAL (GROUND) (U.S. SURVEY FEET), Elevation is NAVD 88 (U.S. SURVEY FEET).

Cement Seal: 1 pipe
group, 1 pipe

Filter Pack: 1 pipe
group, 1 pipe
Bentonite seal with 1
pipe

SHEET 1 OF 2

SHEET 1 OF 2 |DRILLHOLE PW-22-1




GEOLOGIC LOG OF DRILL HOLE NO. PW-22-1 SHEET 2 OF 2

FEATURE: St. Mary's Diversion Dam PROJECT: Milk River STATE: Montana

LOCATION: St. Mary's River COORDINATES: N 51,924.6 E 26,078.0 GROUND ELEVATION: 4478.6 ft.

BEGUN: 3/31/22 FINISHED: 4/5/22 TOTAL DEPTH: 84.5 ANGLE FROM HORIZONTAL: 90

DEPTH AND ELEVATION OF WATER DEPTH TO BEDROCK: N/A HOLE LOGGED BY: S.Joramo
LEVEL AND DATE MEASURED: 13.1ft. (4465.5) 5/3/2022 REVIEWED BY: C.Clark

GRANBY_DAM_SONIC 2022 ST. MARY'S DIVERSION DAM FIELD INVESTIGATION.GPJ GRANBY_DAM_SONIC.GDT 4/27/23 10:46:09 AM

BOTTOM OF HOLE
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PUMP WELL COMPLETION DIAGRAM

DRILL HOLE: PW-22-01

GEOLOGIST: Seth Joramo

DATE COMPLETED: 04/06/2022

DRILLER: Cody Kelly

LOCATION: St. Mary's Diversion Dam, MT

HELPERS: Pete Shawver, Ryan Dedecker

T.0.C. ELEVATION:

G.S. ELEVATION:

e

N
@

R TR

Ground Surface

[ i

~

e

2.0" --Bottom of concrete

3.0" --Top of bentonite / Bottom of standpipe filter drain

10.5" --Top of sand pack / Bottom of bentonite

12.0" --Top of pump well screen

64.4" --Bottom of pump well screen w/ cap

67.0" --Top of bentonite / Bottom of sand pack

<+— Locking Cap w/ a

(Dam Tender's Lock)

<+— Round Metal Standpipe

(12.75" OD x 12" ID x 60" Tall)

«— Concrete pad

Concrete

8 x 12 Sand
(Drainage for Standpipe)

3/8" Bentonite Chips

3/8" Pel Plug
(Coated Bentonite Chips)

84.5' --Total depth of drill hole

*NOT TO SCALE

—

drill hole diameter

10" Pump Well Casing
9.976" ID x 10.75" OD
Schedule 40 PVC

F—— 8x12 Sand

10" Pump Well Screen

9.976" ID x 10.75" OD

304 Stainless Steel; Wire Wrapped;
Slot size = 0.020"

Stainless Steel End Cap
Schedule 40

3/8" Bentonite Chips and
3/8" Pel Plug
(Coated Bentonite Chips)

NOTES:
T.0.C. = Top of (PVC) well casing
G.S. = Ground surface

ID = inside diameter
OD = outside diameter




GRANBY_DAM_SONIC 2022 ST. MARY'S DIVERSION DAM FIELD INVESTIGATION.GPJ GRANBY_DAM_SONIC.GDT 4/27/23 10:46:09 AM

FEATURE: St. Mary's Diversion Dam
LOCATION: St. Mary's River

BEGUN: 4/15/22 FINISHED: 4/18/22
DEPTH AND ELEVATION OF WATER

GEOLOGIC LOG OF DRILL HOLE NO. PW-22-1A

PROJECT: Milk River

COORDINATES: N 51,9334 E 26,0753

TOTAL DEPTH: 80.0
DEPTH TO BEDROCK:

SHEET 1 OF 2

STATE: Montana

GROUND ELEVATION: 4478.6 ft.
ANGLE FROM HORIZONTAL: 90
HOLE LOGGED BY: A.Brusak

LEVEL AND DATE MEASURED: 12.0 ft. (4466.6) 5/3/2022 REVIEWED BY: C.Clark
. : | & | B
s 4 3 5
z o 23S o 7 CLASSIFICATION AND
NOTES & g >o o 2
a > % % o PHYSICAL CONDITION
0 55 8 4
o ° = 2
LOCATION: 0.0 to 84.5 ft.
Approximately 10 feet northeast of ] Quaternary Alluvium (Qal):
pump well PW-22-1 —
E 0.0 t0 9.0 ft. Poorly-Graded Gravel with Sand (GP)s: Approximately 50%
PURPOSE OF HOLE: to 60% fine to medium, subrounded, hard gravel; approximately 30% to 35%
To collect geotechnical and T (GP)s fine to coarse, subrounded sand; Approximately 5% medium plasticity fines
hydrologic data regarding the 5+ — 71 with low dry strength, rapid dilatancy, and low toughness; approximately 5%
proposed diversion dam replacement. _ to 10% hard cobbles; light brown; moist; no reaction to HCI.
DRILLING EQUIPMENT: ] 3.5t0 6.5 ft. Lab Test Data: 6% fines, 19% sand, 75% gravel, LL=20.9,
Gus Pech GP-3000 CHR drill rig - PI=17.2, Total MC=1.8%, Lab Classification = Well-graded Gravel with Clay
equipped with a Sonic Core drill | and Sand (GW-GC)s.
head.
7.0" ID Sonic Core Barrel. 10— 9.0 to 29.7 ft. Poorly-Graded Gravel with Clay and Sand (GP-GC)s:
8.0" ID Casing and a Carbide - -.| Approximately 50% fine to medium, subrounded, hard gravel; approximately
Rockbit. | | 40% fine to coarse, subrounded sand; Approximately 10% high plasticity
fines with medium to high dry strength, slow dilatancy, and high toughness;
DRILLER: 1 light brown; wet; no reaction to HCI.
Braden Samuels (USBR) _ .
11.5 to 19.0 ft. Lab Test Data: 9% fines, 37% sand, 54% gravel, LL=NP,
DRILLING METHODS: 15— 60 -- 1 PI=NP, Total MC=2.1%, Lab Classification = Well-graded Gravel with Silt
0.0 to 80.0 ft. - Advanced borehole — -1 and Sand (GW-GM)s.
with 7.0" ID Sonic core barrel, 8.0" ID | -
casing and a carbide bit. 26.0 to 29.0 ft. Lab Test Data: 9% fines, 37% sand, 54% gravel, LL=23 .4,
T -.| PI=7.8, Total MC=7.3%, Lab Classification = Well-graded Gravel with Clay
DRILLING FLUID: - GP-GC "~| and Sand (GW-GC)s.
0.0 to 80.0 ft. - no water added o — (GP-GC)s
29.7 to 33.3 ft. Lean Clay (CL): Approximately 100% medium plasticity
HOLE COMPLETION: N _| fines with high dry strength, no dilatancy, and medium toughness; gray; wet;
80.0 to 58.0 ft. - 50Ib sacks of 3/8" - “-| no reaction to HCI.
bentonite chips. |
58.0 to 10.0 ft. - Placed 31, 50Ib .| 30.5 to 33.3 ft. Lab Test Data: 89% fines, 11% sand, trace gravel,
sacks #8 filter sand. - -] LL=26.0, PI=17.0, Total MC=25.8%, Lab Classification = Lean Clay (CL).
54.1to 44.1 ft. - Placed 10' long by 2" 25— Qal 80 :
ID, schedule 40 PVC 0.020 screen. i 33.3 to 37.7 ft. Poorly-Graded Sand with Gravel (SP)g: approximately 70%
44 .1 to 2.8 ft. above ground - Placed -] fine to coarse, subrounded sand; Approximately 30% medium to coarse,
2" ID schedule 40 PVC riser pipe. - --| subrounded, hard gravel; light brown; wet; no reaction to HCI
10.0 to 1.0 ft. - 50Ib sacks of 3/8" _
bentonite chips. 37.2 to 37.4 ft. Interbed of Lean Clay (CL): Approximately 100%
1.0 to 3.0 ft. above ground- concreted T -| medium plasticity fines with high dry strength, no dilatancy, and medium
in place with 2-50Ib sacks of 30— | toughness; gray; wet; no reaction to HCI.
concrete, a square protective steel |
casing with locking cap. CcL -] 33.5 to 37.4 ft. Lab Test Data: 16% fines, 70% sand, 14% gravel, LL=NP,
N ~| PI=NP, Total MC=12.0%, Lab Classification = Silty Sand (SM).
WELL DEVELOPMENT: ]
4/15/2020 - Water level before | 37.7 to 39.0 ft. Sandy Lean Clay with Gravel s(CL)g: Approximately 60%
development = 12.9' below ground .| medium plasticity fines with medium dry strength, slow dilatancy, and
surface. 35— (SP) 80 '| medium toughness; approximately 40% coarse, subangular sand;
Dual line airlift until turbitity measured - 9 Approximately 15% medium to coarse, subrounded, hard gravel; gray to light
less than 15 NTU. | brown; wet; no reaction to HCI.
DRILLING CONDITIONS AND ] s(CL)g 39.0 to 49.0 ft. Clayey Gravel with Sand (GC)s: Approximately 40% fine to
DRILLERS COMMENTS: _ medium, subrounded, hard gravel; Approximately 35% medium plasticity
59.0 ft. - 18.0 ft. of sand heave. -1 fines with medium dry strength, slow dilatancy, and medium toughness;
40— ‘| approximately 25% fine, subrounded sand; light brown; wet; no reaction to
B HCI.
| 42.0 to 45.0 ft. Lab Test Data: 20% fines, 30% sand, 50% gravel, LL=19.4,
N Pl=4.4, Total MC=6.8%, Lab Classification = Silty Clayey Gravel with Sand
- (GC)s .| (GC-GMy)s.
* % | 49.0t0 59.0 ft. Clayey Sand with Gravel (SC)g: Approximately 40%
N medium to fine, subrounded sand; approximately 30% fine to coarse,
— subrounded, hard gravel; approximately 30% medium plasticity fines with
| | medium dry strength, slow dilatancy, and medium toughness; light brown;
1 wet; no reaction to HCI.
(SC)g

COMMENTS:

All depths and water levels are in feet below ground surface unless otherwise noted.

Heading water level measurement is after well development according to ASTM D5521.
Finished date is the day of well development.

ID = inner diameter
OD = outer diameter

LL = Liquid Limit
PL = Plastic Limit

NR = no recovery MC = Moisture Content

Coordinates are LOCAL (GROUND) (U.S. SURVEY FEET), Elevation is NAVD 88 (U.S. SURVEY FEET).

Cement Seal: 1 pipe
group, 1 pipe
Bentonite seal with 1
pipe

Filter Pack: 1 pipe
group, 1 pipe

SHEET 1 OF 2 |DRILLHOLE PW-22-1A
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FEATURE: St. Mary's Diversion Dam
LOCATION: St. Mary's River
BEGUN: 4/15/22 FINISHED: 4/18/22

PROJECT: Milk River

COORDINATES: N 51,9334 E 26,0753

TOTAL DEPTH: 80.0

GEOLOGIC LOG OF DRILL HOLE NO. PW-22-1A

SHEET 2 OF 2

STATE: Montana
GROUND ELEVATION: 4478.6 ft.
ANGLE FROM HORIZONTAL: 90

DEPTH AND ELEVATION OF WATER DEPTH TO BEDROCK: N/A HOLE LOGGED BY: A.Brusak
LEVEL AND DATE MEASURED: 12.0 ft. (4466.6) 5/3/2022 REVIEWED BY: C.Clark
>
. z i 5
: £ | 5|
z 2 25 S 2 CLASSIFICATION AND
NOTES & s n A
a > 3% g o PHYSICAL CONDITION
| -1 51.0 to 51.2 ft. Lab Test Data: 19% fines, 50% sand, 31% gravel, LL=24.0,
"| PI=8.1, Total MC=9.0%, Lab Classification = Clayey Sand with Gravel
7 (SC)g.
: --| 54.0 to 59.0 ft. Lab Test Data: 80% fines, 20% sand, 0% gravel, LL=20.5,
(SC)g | PI=2.2, Total MC=22.2%, Lab Classification = Silt with Sand (ML)s.
55— 20
] 59.0 to 72.0 ft. Silt with Sand (ML)s: Approximately 85% nonplastic fines
with low dry strength, medium dilatancy, and low toughness; Approximately
] -] 15% medium to fine, subrounded sand; gray; moist; no reaction to HCI.
] 62.0 to 65.0 ft. Lab Test Data: 91% fines, 9% sand, 0% gravel, LL=20.7,
60 PI=1.8, Total MC=22.5%, Lab Classification = Silt (ML).
— 72.0 to 76.0 ft. Clayey Sand with Gravel (SC)g: Approximately 40%
| medium to fine, subrounded sand; approximately 40% fine to coarse,
subrounded, hard gravel; approximately 20% medium plasticity fines with
N medium dry strength, slow dilatancy, and medium toughness; light brown;
_| wet; no reaction to HCI.
65— Qal (ML)s 92 72.0 to 76.0 ft. Lab Test Data: 25% fines, 49% sand, 26% gravel, LL=21.0,
- PI=6.4, Total MC=10%, Lab Classification = Silty Clayey Sand with Gravel
] (SC-SM)g.
T 76.0 to 78.0 ft. Clayey Gravel with Sand (GC)s: Approximately 40% fine to
- medium, subrounded, hard gravel; Approximately 40% medium plasticity
70 fines with medium dry strength, slow dilatancy, and medium toughness;
approximately 20% fine, subrounded sand; light brown; wet; no reaction to
7 HCI.
] 76.0 to 78.0 ft. Lab Test Data: 32% fines, 30% sand, 38% gravel, LL=18.1,
PI=4.0, Total MC=7.1%, Lab Classification = Silty Clayey Gravel with Sand
= (SC)g (GC-GM)s.
75 72
| 78.0 to 80.0 ft. Silty Sand (SM): Approximately 85% fine, subrounded
sand; Approximately 15% nonplastic fines with low dry strength, rapid
N (GC)s dilatancy, and low toughness; light brown; wet; no reaction to HCI.
1 SM

[e1%

BOTTOM OF HOLE
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PIEZOMETER COMPLETION DIAGRAM

DRILL HOLE: PW-22-1A GEOLOGIST: Cody Clark and Eric Hammers

DATE COMPLETED: 04/18/2022 DRILLER: Braden Samuels

LOCATION: St. Mary's Diversion Dam, MT

T.0.C. ELEVATION: 4481.43

G.S. ELEVATION: 4478.6 ft.

«—  Locking Cap

\

[&— Square Metal Standpipe

Well Cap
(Expandable and Lockable)

e
_——————-’{q

q--------
lg------

Ground Surface T — — =
Concrete pad

A

Well Casing
2"IDx 2.4"0OD

‘\ Schedule 40 PVC

1.0" --Bottom of concrete = = Concrete

<4—  3/8" Bentonite Chips

10.0' --Top of sand pack / Bottom of bentonite

44.1" --Top of screen

8x12 Sand

Well Screen
2"ID x 2.4" OD
Schedule 40 PVC
Slot size = 0.020"

54.1" End Cap
Schedule 40 PVC

58.0" --Bottom of Filter Pack

80.0' --Total depth of drill hole —

le— 85" —

drill hole diameter

*NOT TO SCALE
NOTES:
T.0.C. = Top of (PVC) well casing ID = inside diameter

G.S. = Ground surface OD = outside diameter
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GEOLOGIC LOG OF DRILL HOLE NO. OW-13-A

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 7/6/13 FINISHED: 7/8/13

PROJECT: Milk River

COORDINATES: N 1,701,391.0 E 1,025,857.0

TOTAL DEPTH: 34.0

SHEET 1 OF 2

STATE: Montana
GROUND ELEVATION: 4483.4 ft.
ANGLE FROM HORIZONTAL: -90 AZIMUTH:

DEPTH AND ELEVATION OF WATER DEPTH TO BEDROCK: N/E HOLE LOGGED BY: C. Sullivan
AND DATE MEASURED: 13.5 (4469.9) 7/6/13 REVIEWED BY: J. Earle
| & 5
E S| E | &
NOTES z = S o 3 CLASSIFICATION AND
o » x > =
sl 3| | 3|38 PHYSICAL CONDITION
s | 3| 8| 3
™ B 0] T
LOCATION: 21 0.0 to 7.0 ft. Road Fill:
Left bank of St. Mary River along the St. Mary Canal y
embankment, about 90 ft from the SW corner of the 0.0 to 7.0 ft. POORLY GRADED GRAVEL WITH SAND, COBBLES
diversion structure 7 -] AND BOULDERS (GP)scb:
] Gradations are estimated from auger cuttings and drilling conditions:
All measurements in feet unless otherwise noted about 70-75% coarse to fine, hard, angular to subrounded gravel;
— about 15-20% coarse to fine, hard, subangular to subrounded sand;
PURPOSE OF HOLE: about 5-10% low plasticity fines with low dry strength, low toughness,
Investigate foundation physical properties and install slow dilatancy; maximum size recovered, 3 inches; dry, no
observation well _ cementation, overall light to medium brown with a large variety of
colors in individual particles, no reaction with HCI.
DRILLING EQUIPMENT: (GP)scb Fill
Truck mounted CME-85 drill; 4-%4" Hollow Stem Augers Total sample (by volume): About 30-35% cobbles at 3-5 inches;
(HAS) with 5-foot long split sample barrel 7 20-25% cobbles at 5-12 inches; maximum size, 12 inches,
determined by visual observations of surface exposure.
DRILLING METHODS:
0.0 to 16.0 cored with 4-%4 " I.D. HSA and center bit. 5 7.0 to 34.0 ft. Quaternary Alluvium:
16.0 to 21.8 cored with 4-/4 " |.D. HSA and split barrel
sampler. | 7.0 to 14.0 ft. POORLY GRADED SAND WITH GRAVEL AND
21.8 to 24.0 cored with 4-4" 1.D. HSA and center bit. COBBLES (SP)gc: Gradations are estimated from auger cuttings and
24.0 to 26.0 cored with 4-%4 " 1.D. HSA and split barrel 7 - 1drilling conditions: About 50-60% coarse to fine, hard, subangular to
sampler. "-.1rounded sand, with some elongate shapes; about 30-40% coarse to
26.0 to 26.8 cored with 4-%4 " |.D. HSA and center bit. "| fine, hard, angular to subrounded gravel; about 10% low plasticity
26.8 to 34.0 cored with 4-%4 " |.D. HSA and split barrel - | fines, low dry strength, slow dilatancy, low toughness; maximum size
sampler. - | recovered, 2.5 inches; dry, light to medium brown, no reaction with
~.|HCI.
DRILLER: | o bit
S. Rafferty (USBR) - 1 Total sample (by volume): About 10-15% cobbles at 3-5 inches; 10%
R. Perez, helper ~._{ cobbles at 5-12 inches; maximum size, 5 inches, determined by
S. Watt, helper -| visual observations of material returned outside the auger flights.
DRILLING COMMENTS: .| 14.0 to 15.0 LARGE COBBLE OR BOULDER: Drilling conditions
None "~ | indicated a large rock that blocked the bottom of the augers so that no
10— . { recovery was possible. This rock was finally broken through so that
WATER LEVELS: -. { progress and further sampling could occur.
Date/ hole depth/ water level (SP)gc o
07-06-13, 16.0, 13.5 -1 15.0 t0 20.5 ft. SILTY GRAVEL WITH SAND (GM)s: A sampling
07-07-13,19.0, 15.8 B barrel was used to retrieve foundation material from this interval:
07-08-13, 34.0, 8.9 .| About 45% coarse to fine, hard, subangular to subrounded gravel;
08-19-13, 34.0, 13.5 - -1 about 35% coarse to fine, hard, subangular to rounded sand; about
— "1 20% low plasticity fines with low dry strength, low toughness, slow
HOLE COMPLETION: -. { dilatancy; maximum size recovered, 2.75 inches; wet, medium brown
34.0 - 33.0 used 8-12 filter sand ~- | with a large variety of colors in individual particles; no cementation; no
33.0-23.0 10-ft long slotted pipe section of white 2-inch | .| reaction with HCI.
diameter PVC pipe surrounded by sand L.
23.0 - 5.0 used 8-12 filter sand for influence zone Qal "-120.5t021.8 ft. SILTY GRAVEL WITH SAND AND COBBLES (GM)sc:
5.0 - 1.5 filled with bentonite chips -1 A sampling barrel was used to retrieve foundation material from this
1.5-0.0 placed mortar cement and set steel stand pipe “linterval: About 50% coarse to fine, hard, subangular to subrounded
3.05 = stickup of PVC (elev= 4486.45) bbl . | gravel; about 30% coarse to fine, hard, subangular to rounded sand;
cobble .- | about 20% low plasticity fines with low dry strength, low toughness,
15 | slow dilatancy; maximum size, 3 inches; wet, medium brown with a
.- 1large variety of colors in individual particles; no cementation; no
"+ | reaction with HCI.
B "] Total sample (by volume): About 10% cobbles at 3-5 inches; 5%
.~ | cobbles at 5-12 inches; maximum size, 6.5 inches; determined by
- | visual observations of material returned outside the auger flights.
21.8t023.0 ft. LARGE COBBLE OR BOULDER: Drilling conditions
GM)s | 70 . {indicated a large rock that blocked the bottom of the augers so that no
| ~._{ recovery was possible. This rock was finally broken through so that
“-| progress and further sampling could occur.
.1 23.0 10 26.0 ft. POORLY GRADED GRAVEL WITH SAND (GP)s: A
N " | sampling barrel was used to retrieve foundation material from this
100 . {interval: About 60% coarse to fine, hard, subangular to subrounded
-. { gravel; about 30% coarse to fine, hard, subangular to rounded sand;

COMMENTS:

SHEET 1 OF 2 |DRILLHOLE OW-13-A




ST MARY DIVERSION DAM ST_MARY_DIVERSION.GPJ EL VADO.GDT 10/4/16 11:23:39 AM

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 7/6/13 FINISHED: 7/8/13
DEPTH AND ELEVATION OF WATER
AND DATE MEASURED: 13.5 (4469.9) 7/6/13

PROJECT: Milk River

COORDINATES: N 1,701,391.0 E 1,025,857.0

TOTAL DEPTH: 34.0
DEPTH TO BEDROCK:

N/E

GEOLOGIC LOG OF DRILL HOLE NO. OW-13-A

SHEET 2 OF 2

STATE: Montana

GROUND ELEVATION: 4483.4 ft.

ANGLE FROM HORIZONTAL: -90 AZIMUTH:
HOLE LOGGED BY: C. Sullivan

REVIEWED BY: J. Earle

NOTES

DEPTH

% CORE RECOVERY

GEOL. UNIT SYM.

HOLE COMPLETION

CLASSIFICATION AND
PHYSICAL CONDITION

2 FLD. CLASS/LITH.
7

(

(GM)sc

100

cobble

25—

(GM)s

¢ bit

75

cobble

¢ bit

30—

(SP)g

(SP)

100

Qal

BOTTOM OF HOLE

about 10% nonplastic fines; maximum size recovered, 2.25 inches;
".| wet, medium brown with a large variety of colors in individual

particles; no cementation; firm consistency; no reaction with HCI.

-1126.0 to 26.8 ft. LARGE COBBLE OR BOULDER: Drilling conditions
"] indicated a large rock that blocked the bottom of the augers so that no

recovery was possible. This rock was finally broken through so that

::'- progress and further sampling could occur.

26.8 to 29.5 ft. POORLY GRADED GRAVEL WITH SAND (GP)s:
| Gradations are estimated from material remaining on the center bit as
" | it was extracted from drill hole: About 60% coarse to fine, hard,

angular to subrounded gravel; about 40% fine, hard, sub angular to
subrounded sand: with a trace of nonplastic fines; maximum size

-] recovered, 1.5 inches; wet; a large variety of colors are present in
-| individual particles; uncemented; no reaction with HCI.

7.129.5 t0 29.9 ft. POORLY GRADED SAND WITH GRAVEL (SP)g:
| About 75% coarse to fine, hard, subangular to rounded sand; about
20% coarse to fine, hard, angular to subrounded gravel; about 5% low

plasticity fines, low dry strength, slow dilatancy, low toughness;

_" maximum size recovered, 1.5 inches; wet; a large variety of colors are
-| present in individual particles; no reaction with HCI.

7. 129.910 30.8 ft. SILTY SAND (SM): About 80% coarse to fine, hard,
-] subangular to rounded sand; about 20% nonplastic fines with slow
" dilatancy; trace of fine subangular gravel: maximum size recovered,

0.75 inch; wet, a large variety of colors are present in individual

-j': particles, no cementation, firm consistency, no reaction with HCI.

. 30.8t0 31.3 ft. CLAYEY SAND WITH GRAVEL (SC)g: About 50%

coarse to fine, hard, subangular to rounded sand; about 35% coarse

to fine, hard, subangular gravel: and about 15% fines with low
"] plasticity, medium dry strength, low toughness, no dilatancy;

maximum size recovered, 3 inch; wet, a large variety of colors are

present in individual particles, no cementation, very soft consistency,
".| no reaction with HCI.

31.3t032.7 ft. SILTY SAND (SM): About 80% coarse to fine, hard,

< subangular to rounded sand; about 5% fine, hard, subangular gravel;
“-| about 15% nonplastic fines with slow dilatancy; maximum size

recovered, 0.75 inch; wet; a large variety of colors are present in

". | individual particles, no cementation, firm consistency, no reaction with

HCI.

32.7 to 33.3 ft. POORLY GRADED SAND WITH GRAVEL (SP)g:
About 70% coarse to fine, hard, subangular to rounded sand; about
25% coarse to fine, hard, angular to subrounded gravel; about 5% low
plasticity fines, low dry strength, slow dilatancy, low toughness;
maximum size recovered, 2.75 inches; wet; a large variety of colors
are present in individual particles; firm consistency; no reaction with
HCI.

33.3t0 34.0 ft. POORLY GRADED SAND (SP): About 90% coarse to
fine, hard, subangular to rounded sand; about 5% fine, hard,
subrounded gravel; about 5% nonplastic fines; maximum size
recovered, 0.75 inch; wet; a large variety of colors are present in
individual particles; firm consistency; no reaction with HCI.

SHEET 2 OF 2 |DRILLHOLE OW-13-A




ST MARY DIVERSION DAM ST_MARY_DIVERSION.GPJ EL VADO.GDT 10/4/16 11:26:33 AM

GEOLOGIC LOG OF DRILL HOLE NO. OW-13-B

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 7/9/13 FINISHED: 7/10/13

PROJECT: Milk River

COORDINATES: N 1,701,429.0 E 1,025,826.0

TOTAL DEPTH: 22.8

SHEET 1 OF 2

STATE: Montana
GROUND ELEVATION: 4481.6 ft.
ANGLE FROM HORIZONTAL: -90 AZIMUTH:

DEPTH AND ELEVATION OF WATER DEPTH TO BEDROCK: N/E HOLE LOGGED BY: C. Sullivan
AND DATE MEASURED: 11.7 (4469.9) 07/09/13 REVIEWED BY: J. Earle
>
. & . g
£ 3 = &
NOTES z = S o g CLASSIFICATION AND
o (%] 74 =
sl 3| | 3|38 PHYSICAL CONDITION
s | 3| 8| 3
™ B 0] T
LOCATION: % ;-4 0.0 to 1.5 ft. Road Fill:
Left bank of St. Mary River along the St. Mary Canal ",;‘/,zf.’,?_;,
embankment, about 115 ft from the SW corner of the e :10.0t0 1.5 ft. POORLY GRADED GRAVEL WITH SAND, COBBLES
diversion structure and 53 ft NNW from OW-13-A (GP)scb road fil |7<o2% 4 AND BOULDERS (GP)scb:
7 L o0.9 Gradations are estimated from auger cuttings and drilling conditions:
All measurements in feet unless otherwise noted ,/'/‘?'-'5', “] about 70-75% coarse to fine, hard, angular to subrounded gravel;
:v/_%_)f'_t about 15-20% coarse to fine, hard, subangular to subrounded sand;
PURPOSE OF HOLE: ) ) ) ’3*0 -4 about 5% low plasticity fines with low dry strength, low toughness,
Investigate foundation physical properties and install _ P42/ -4 slow dilatancy; dry; no cementation; overall light to medium brown
observation well (GMsc with a large variety of colors in individual particles; no reaction with
HCI.
DRILLING EQUIPMENT:
Truck mounted CME-85 drill; 4-%4" Hollow Stem Augers Total sample (by volume): About 30% cobbles at 3-5 inches; 25%
(HSA) with 5-foot long split sample barrel cobbles at 5-12 inches; 5% boulders at plus 12 inches; maximum
DRILLING METHODS size, 2 x 1.8 x 1 foot, determined by visual observations of surface
: exposure.
0.0 to 15.5 cored with 472" .D. HSA and center bit. (GP)sc i
15.5 tlo 22.8 cored with 4-%4 " 1.D. HSA and split barrel _| 1.5 to 7.0 ft. Embankment Fill:
sampler. )
emb fill 1.5103.0 ft. SILTY GRAVEL WITH SAND AND COBBLES (GM)sc:
DRILLER: Gradations are estimated from auger cuttings and drilling conditions:
S. Rafferty (USBR) About 45% coarse to fine, hard, subangular to subrounded gravel;
R. Perez, helper 5— about 40% coarse to fine, hard, subangular to rounded sand; about
S. Watt, helper 15% low plasticity fines with low dry strength, low toughness, slow
dilatancy; maximum size, 4.5 inches; dry; light to medium brown with
DRILLING COMMENTS: (GM)s a large variety of colors in individual particles; no cementation; no
None | reaction with HCI.
WATER LEVELS: 3.0t0 4.5 ft. POORLY GRADED GRAVEL WITH SAND AND
Date/ hole depth/ water level COBBLES (GP)sc: Gradations are estimated from auger cuttings and
07-09-13, 14.2,11.7 drilling conditions: About 60-65% coarse to fine, hard, angular to
07-10-13,20.2,11.7 subrounded gravel; about 30-35% coarse to fine, hard, angular to
subrounded sand; about 5% nonplastic fines; maximum size, 5
HOLE COMPLETION: ¢ bit inches, estimated by what is seen coming up on the augers; dry; light
52.8 -0.0 a':)andor:jeg r}lole and refilled with mix of to medium brown; no reaction with HCI.
entonite chips and drill cuttings |
4.5t07.0 ft. SILTY GRAVEL WITH SAND (GM)s: Gradations are
estimated from auger cuttings and drilling conditions: About 45-50%
coarse to fine, hard, subangular to subrounded gravel; about 30-35%
coarse to fine, hard, subangular to rounded sand; about 20%
— nonplastic fines; maximum size, 3 inches, estimated by what is seen
(GP)s coming up on the augers; dry; light to medium brown with a large
variety of colors in individual particles; no cementation; no reaction
with HCI.
10 7.0 to 22.8 ft. Quaternary Alluvium:
7.0 to 11.5 ft. POORLY GRADED GRAVEL WITH SAND (GP)s:
Gradations are estimated from auger cuttings and drilling conditions:
— Qal About 50-55% coarse to fine, hard, angular to subrounded gravel;
about 40-45% coarse to fine, hard, angular to subrounded sand;
about 5% nonplastic fines; maximum size, 5 inches, estimated by
what is seen coming up on the augers; dry; light to medium brown; no
cobble . N
reaction with HCI.
11.5t012.0 LARGE COBBLE OR BOULDER: Dirilling conditions
indicated a large rock that blocked the bottom of the augers so that no
recovery was possible. Stopped drilling and checked the center bit
7 GPse teeth for wear, noted water on rods at 11.7 feet. This rock was finally
broken through so that progress and further sampling could occur.
12.0 to 14.2 ft. POORLY GRADED GRAVEL WITH SAND AND
COBBLES (GP)sc: Gradations are estimated from auger cuttings and
n drilling conditions: About 70-75% coarse to fine, hard, angular to
subrounded gravel; about 20-25% coarse to fine, hard, angular to
(GM)s subrounded sand; about 5% nonplastic fines; maximum size, 6
inches, estimated by what is seen coming up on the augers and a

COMMENTS:

SHEET 1 OF 2 |DRILL HOLE OW-13-B




ST MARY DIVERSION DAM ST_MARY_DIVERSION.GPJ EL VADO.GDT 10/4/16 11:26:33 AM

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 7/9/13 FINISHED: 7/10/13
DEPTH AND ELEVATION OF WATER
AND DATE MEASURED: 11.7 (4469.9) 07/09/13

GEOLOGIC LOG OF DRILL HOLE NO. OW-13-B SHEET 2 OF 2

PROJECT: Milk River

COORDINATES: N 1,701,429.0 E 1,025,826.0

TOTAL DEPTH: 22.8
DEPTH TO BEDROCK:

N/E

STATE: Montana

GROUND ELEVATION: 4481.6 ft.

ANGLE FROM HORIZONTAL: -90 AZIMUTH:
HOLE LOGGED BY: C. Sullivan

REVIEWED BY: J. Earle

NOTES

DEPTH
FLD. CLASS/LITH.

GEOL. UNIT SYM.

HOLE COMPLETION

CLASSIFICATION AND
PHYSICAL CONDITION

; % CORE RECOVERY

cobble

cobble
20—

(GP)sc

0

Qal

BOTTOM OF HOLE

blockage at 13.5 ft.; dry; light to medium brown; no reaction with HCI.

14.2 to 15.0 ft. SILTY GRAVEL WITH SAND (GM)s: Gradations are
estimated from auger cuttings and drilling conditions: About 50-55%
coarse to fine, hard, subangular to subrounded gravel; about 25-35%
coarse to fine, hard, subangular to rounded sand; about 15-20%
nonplastic fines; maximum size, 3 inches, estimated by what is seen
coming up on the augers; moist to wet; medium brown with a large
variety of colors in individual particles; no reaction with HCI.

15.0 to 15.5 ft. LARGE COBBLE OR BOULDER: Drilling conditions
indicated a large rock that blocked the bottom of the augers so that no
recovery was possible. This rock was finally broken through so that
progress and further sampling could occur.

15.51t0 19.5 ft. POORLY GRADED GRAVEL WITH SAND (GP)s: A
sampling barrel was used to retrieve foundation material from the
interval between 16.0 to 19.5 feet, and drill cuttings were observed
from the interval below the cobble to the depth of 16.0 feet: About
55% coarse to fine, hard, angular to subrounded gravel; about 40%
coarse to fine, hard, subangular to rounded sand; about 5%
nonplastic fines; maximum size, 3 inches, estimated by what is seen
coming up on the augers; wet; light brown with a large variety of
colors in individual particles; no reaction with HCI.

19.5 t0 20.2 ft. LARGE COBBLE OR BOULDER: Drilling conditions
indicated a large rock that blocked the bottom of the augers so that no
recovery was possible. This rock was finally broken through so that
progress and further sampling could occur.

20.2t022.8 ft. POORLY GRADED GRAVEL WITH SAND AND
COBBLES (GP)sc: Gradations are estimated from auger cuttings and
drilling conditions below large blockage: About 70-75% coarse to
fine, hard, angular to subrounded gravel; about 20-25% coarse to
fine, hard, angular to subrounded sand; about 5% nonplastic fines;
maximum size, 6 inches, estimated by what is seen coming up on the
augers; wet; light to medium brown; no reaction with HCI.

22.8 ft. LARGE COBBLE OR BOULDER: Drilling conditions
indicated a large rock that blocked the bottom of the augers and was
impossible to proceed past. The hole had to be abandoned due to no
downward progress.

Abandoned hole, pulled 10 feet of the augers and measured the
bottom of the hole with caving material to 16.5 feet. Added bentonite
chips as augers were removed to 2.0 feet of depth. Filled the
remaining hole with auger cuttings to the existing ground surface.

SHEET 2 OF 2 |DRILL HOLE OW-13-B
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GEOLOGIC LOG OF DRILL HOLE NO. OW-13-B2

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 7/10/13 FINISHED: 7/18/13

PROJECT: Milk River

COORDINATES: N 1,701,392.0 E 1,025,828.0

TOTAL DEPTH: 35.0

SHEET 1 OF 2

STATE: Montana
GROUND ELEVATION: 4481.6 ft.
ANGLE FROM HORIZONTAL: -90 AZIMUTH:

DEPTH AND ELEVATION OF WATER DEPTH TO BEDROCK: N/E HOLE LOGGED BY: C. Sullivan/J. Earle
AND DATE MEASURED: 11.8 (4469.8) 07/18/13 REVIEWED BY: J. Earle
B .| 3
£ 3 = &
NOTES z = S o g CLASSIFICATION AND
o (%] 74 =
sl 3| | 3|38 PHYSICAL CONDITION
s | 812 | 3
™ B 0] T
LOCATION: 21 0.0 to 1.5 ft. Road Fill:
Left bank of St. Mary River along the St. Mary Canal y
embankment, about 115 ft from the SW corner of the (GP)scb road fill p°. 0.0 to 1.5 ft. POORLY GRADED GRAVEL WITH SAND, COBBLES
diversion structure and 50 ft NNW from OW-13-A N ; -,] AND BOULDERS (GP)scb:
] Gradations are estimated from auger cuttings and drilling conditions:
All measurements in feet unless otherwise noted about 70-75% coarse to fine, hard, angular to subrounded gravel;
— about 15-20% coarse to fine, hard, subangular to subrounded sand;
PURPOSE OF HOLE: about 5% low plasticity fines with low dry strength, low toughness,
Investigate foundation physical properties and install slow dilatancy; dry; no cementation; overall light to medium brown
observation well — (@M)sc with a large variety of colors in individual particles; no reaction with
HCI.
DRILLING EQUIPMENT:
Truck mounted CME-85 drill; 4-%4" Hollow Stem Augers Total sample (by volume): About 30% cobbles at 3-5 inches; 25%
(HSA) with 5-foot long split sample barrel N ) cobbles at 5-12 inches; 5% boulders at plus 12 inches; maximum
emb il size, 1.7 x 1.2 x 1.0 foot, determined by visual observations of surface
DRILLING METHODS: exposure.
0.0 t0 20.0 cored with 4-% " .D. HSA and center bit. 5| cobble
20.0 to 35.0 cored with 4-%42" 1.D. HSA and split barrel 1.5 to 7.0 ft. Embankment Fill:
sampler.
1.5t04.5ft. SILTY GRAVEL WITH SAND AND COBBLES (GM)sc:
DRILLER: 1 (GMysc Gradations are estimated from auger cuttings and drilling conditions:
S. Rafferty (USBR) About 45% coarse to fine, hard, subangular to subrounded gravel;
R. Perez, helper about 40% coarse to fine, hard, subangular to rounded sand; about
S. Watt, helper 15% low plasticity fines with low dry strength, low toughness, slow
dilatancy; maximum size, 4.5 inches; dry; light to medium brown with
DRILLING COMMENTS: a large variety of colors in individual particles; no cementation; no
None | reaction with HCI.
WATER LEVELS: 4.5t05.2 LARGE COBBLE OR BOULDER: Drilling conditions
Date/ hole depth/ water level indicated a large rock that blocked the bottom of the augers so that no
07-10-13,15.0,9.2 ] recovery was possible. This rock was finally broken through so that
07-17-13,25.0, 11.6 progress and further sampling could occur.
07-18-13, 35.0, 11.8 (GP)s
10— ¢ bit 5.2t0 7.0 ft. SILTY GRAVEL WITH SAND AND COBBLES (GM)sc:
HOLE COMPLETION: Gradations are estimated from auger cuttings and drilling conditions:
35.0 - 34.0 filter sand #10-20 About 45-50% coarse to fine, hard, subangular to subrounded gravel;
34.0 - 24.0 10-ft long slotted pipe section of white 2-inch about 30-35% coarse to fine, hard, subangular to rounded sand;
diameter PVC pipe surrounded by sand ] about 20% nonplastic fines; maximum size, 3 inches, estimated by
24.0 - 14.0 filter sand #10-20 what is seen coming up on the augers; dry; light to medium brown
14.0 - 1.5 filled with bentonite chips with a large variety of colors in individual particles; no cementation; no
1.5-0.0 placed mortar cement and set steel stand pipe — reaction with HCI.
2.76 ft = stickup of PVC (elev= 4484.36)
Total sample (by volume): Estimated by drilling conditions and
_ material carried to the surface on the outside of the auger flights:
About 10% cobbles at 3-5 inches; 5% cobbles at 5-12 inches;
Qal maximum size, 7 inches.
(GM)sc
n 71 7.0 to 35.0 ft. Quaternary Alluvium:
1 7.0 to 12.5 ft. POORLY GRADED GRAVEL WITH SAND (GP)s:
15 -~ | Gradations are estimated from auger cuttings and drilling conditions:
| About 50-55% coarse to fine, hard, angular to subrounded gravel;
" | about 40-45% coarse to fine, hard, angular to subrounded sand;
B about 5% nonplastic fines; maximum size, 5 inches, estimated by
- 1 what is seen coming up on the augers; dry, light to medium brown; no
-.~{ reaction with HCI.
— - 112.5t015.0 ft. SILTY GRAVEL WITH SAND AND COBBLES (GM)sc:
. | Gradations are estimated from auger cuttings and drilling conditions:
(GP)s *-] About 40-45% coarse to fine, hard, angular to subrounded gravel;
_ about 40-45% coarse to fine, hard, subangular to rounded sand;
. { about 15% nonplastic fines; maximum size, 3 inches, estimated by
~"{ what is seen coming up on the augers; dry; light to medium brown
-| with a large variety of colors in individual particles; no cementation; no
7 reaction with HCI.
--115.0 to 20.0 ft. POORLY GRADED GRAVEL WITH SAND (GP)s:

COMMENTS:

SHEET 1 OF 2 |DRILL HOLE OW-13-B2




ST MARY DIVERSION DAM ST_MARY_DIVERSION.GPJ EL VADO.GDT 10/4/16 11:27:33 AM

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 7/10/13 FINISHED: 7/18/13
DEPTH AND ELEVATION OF WATER
AND DATE MEASURED: 11.8 (4469.8) 07/18/13

GEOLOGIC LOG OF DRILL HOLE NO. OW-13-B2 SHEET 2 OF 2

PROJECT: Milk River

COORDINATES: N 1,701,392.0 E 1,025,828.0

TOTAL DEPTH: 35.0
DEPTH TO BEDROCK: N/E

STATE: Montana

GROUND ELEVATION: 4481.6 ft.

ANGLE FROM HORIZONTAL: -90 AZIMUTH:
HOLE LOGGED BY: C. Sullivan/ J. Earle
REVIEWED BY: J. Earle

NOTES

DEPTH
% CORE RECOVERY

FLD. CLASS/LITH.

GEOL. UNIT SYM.

HOLE COMPLETION

CLASSIFICATION AND
PHYSICAL CONDITION

(GM)sc | 84

(SM) 100

(GM)s 100

(SM)g | 100
30

(GP)sc 50

ar

Qal

~{Hel.

o

BOTTOM OF HOLE

Gradations are estimated from auger cuttings and drilling conditions:
".| About 50-55% coarse to fine, hard, angular to subrounded gravel;

about 45-50% coarse to fine, hard, subangular to rounded sand;
about a trace of nonplastic fines; maximum size, 6 inches, estimated

- by what is seen coming up on the augers; moist to wet; light to
“| medium brown; no reaction with HCI.

-] 20.0 t0 25.0 ft. SILTY GRAVEL WITH SAND AND COBBLES (GM)sc:
“>.| A sampling barrel was used to retrieve foundation material from the

interval between 20.0 to 25.0 feet: About 45% coarse to fine, hard,
angular to subrounded gravel; about 35% coarse to fine, hard,

o subangular to rounded sand; about 20% low plasticity fines, with low
‘| dry strength, low toughness, slow dilatancy; maximum size, 4 inches,

but limited by the interior diameter of the augers; wet; light to medium

~{ brown with a large variety of colors in individual particles; no
"-| cementation; no reaction with HCI.

| Total sample (by volume): Estimated by drilling conditions and
" | material sampled inside the auger flights: About 10% cobbles at 3-5

inches (sampled); 5% cobbles at 5-12 inches in foundation.

7125.0t0 25.5 ft. SILTY SAND (SM): About 80% predominately fine,
“-| hard, rounded sand; about 5% coarse to fine, hard, angular to

subrounded gravel; about 15% low plasticity fines with no to low dry

.| strength, no to low toughness, slow dilatancy; maximum size
"~ | recovered, fine sand; wet, light to medium brown with a large variety

of colors in individual particles; no cementation; weak reaction with

| 25.5 0 29.5 ft. SILTY GRAVEL WITH SAND (GM)s: About 55%

coarse to fine, hard, subangular to subrounded gravel with elongate

— . | shapes present; about 30% predominately fine, hard, rounded sand;
-] about 15% low plasticity fines, with no dry strength, low toughness, no
dilatancy; maximum size recovered, 2 inches; wet; light to medium

brown with a large variety of colors in individual particles; no to weak

-Z.: cementation; no reaction with HCI.

29.5t0 30.0 ft. SILTY SAND WITH GRAVEL (SM)g: About 55%

predominately fine, hard, rounded sand; about 30% coarse to fine,

- hard, subrounded to rounded gravel with elongate shapes present;
"] about 15% low plasticity fines with low dry strength, low toughness,

slow dilatancy; maximum size recovered, 1 inch; wet; light to medium

brown with a large variety of colors in individual particles; weak
-.| cementation; soft consistency; weak reaction with HCI.

30.0 to 35.0 ft. POORLY GRADED GRAVEL WITH SAND AND

~{ COBBLES (GP)sc: About 60% coarse to fine, hard, subangular to

subrounded gravel; about 35% coarse to fine, hard, subangular to
rounded sand; about 5% nonplastic fines; maximum size, 3 inches,
estimated by what is seen coming up on the augers; dry; light to
medium brown with a large variety of colors in individual particles; no
cementation; no reaction with HCI.

Total sample (by volume): Estimated by drilling conditions and
material carried to the surface on the outside of the auger flights:
About 5% cobbles at 3-5 inches; maximum size recovered, 4.5
inches.
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GEOLOGIC LOG OF DRILL HOLE NO. OW-13-C
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GEOLOGIC LOG OF DRILL HOLE NO. OW-13-D
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LOCATION: 0.0 to 3.0 ft. Road Fill:
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i Cfual5Waof h ank r ¢ df vt kvf oank MskvSft Saudaink WVE HiVeyU==) Q#) L" w" #) LO9wGc 3\, rLP" , g=DDGm
it MO1N@of h ank Quh O- ke ] LP" D=2G w) r 4#U%&dCy
#U'SIC #\ M af t Si  kSah i &Mof h i ubkvduat bSit MM.et b df t Maf t SY
Lesh ki Sukh kt 8.t &kkaut &SSfankv .Skt f&M LCfua/ W N dfi v d otk,niwWitbuevd SuOfut MkMbv ske- .an
1 ké t bi kKMShi CkSOkSkt ai CfuaONTW  df i V& & ot k, ni W)
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JOf-t - .ai éwksivkd fodf é\S.t .t Ms.Mii eQ vad&Spt f ki daf t
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1 1WIN  df O0&Si aN 01 .t dnkSph i %h uh SBx, 01 .t dnkS
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W -
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) YUKWB, nkeékv AUt MKMS t M - .an S hk ké t bi &kMShi CkSpi Cf uaHWVTW  df i V& &
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GEOLOGIC LOG OF DRILL HOLE NO. OW-13-D rwwA 1 =F 1
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GEOLOGIC LOG OF DRILL HOLE NO. OW-13-E
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LOCATION: 21 0.0 to 4.5 ft. Road Fill:
Létb ak &@SM foak r gyRiM gitiekh Gtnhktag y
i Cfual5Waof h ank r ¢ df vt kvf oank MskvSft Saudaink VWV pway DGG( QY #( L3 Ya#( L93Qc O8 r LBY gG22(Br
it M5SWaof h ak Ouh 0 Nke ] LBY%2G) Q3 ( r ;#D4dC
#\i M af t Si \k kSah i &Mof h i ubkvduat bSi t MM.et b df t Maft S
Lesh ki Sukh kt 8.t dkaut &SSfankWN.Sk t f &M i Of uazZWewo df i V& & ot k, ni W] i t bué vd SQUOF ut MkMbvi skeN.an
- ke t bi & Shi OkSOwkSkt di Cf uaTwi VWb df i V& & ot k, ni W
PURPOSE OF HOLE: #D4dC Ve QA t bue vd UOF ut MkMS t M i Cf uawXVWo é N Oé Sad.d ot kSN.an
®skSabi & dut M aft Onl Sdi eOVf OkwakSit Mt Si e &N Ml Sakt ban, N d ubnt kSS SENMeatd | hixhuh Sk
fCXwsi aft Nke | \kdf skkM 7 .t dnkS MI, t f dkh kt @ af t, f skvi eebnad h kMuh
OfNt Nani ek si vkd fodf é\S.t .t Ms.Mii €0i vad&S t f ki daf t
DRILLING EQUIPMENT: Na 8gey
- wdmh f ut kMg R3AwM.e pA E8f e Nr &h Lubkws
;8Lr 4N.an wAS f ad t b DeaS h 0k O wke n -faed h Ok ;A sfah k4 LCfua" WA W df OCkSi a" Av.t dnkS
TWYWo df OCkSi awAl 7 .t dnkS hi xh uh Sk, 17 .t dnkS§
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ST MARY DIVERSION DAM ST_MARY_DIVERSION.GPJ EL VADO.GDT 10/4/16 11:25:12 AM

GEOLOGIC LOG OF DRILL HOLE NO. PW-15-1

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 8/13/15 FINISHED: 8/20/15

PROJECT: Milk River

COORDINATES: N 1,701,480.0 E 102,785.0

TOTAL DEPTH: 38.5

SHEET 1 OF 2

STATE: Montana
GROUND ELEVATION: 4481.0 ft.
ANGLE FROM HORIZONTAL: -90 AZIMUTH:

DEPTH AND ELEVATION OF WATER DEPTH TO BEDROCK: N/E HOLE LOGGED BY: S. Rafferty
AND DATE MEASURED: 13.1 (4467.9) 09/22/2015 REVIEWED BY: C. Sullivan
>
. & . g
£ 3 = &
NOTES z = S o g CLASSIFICATION AND
o (%] 74 =
8 | 3|48 | 35|38 PHYSICAL CONDITION
s | 3|8 |3
™ B 0] T
LOCATION: 21 0.0 to 5.0 ft. Embankment Fill:
Left bank of St. Mary River along the St. Mary Canal y
embankment, about 165 ft from the NW corner of the 0.0t0 8.0 ft. POORLY GRADED GRAVEL WITH SAND, COBBLES
diversion structure 7 -] AND BOULDERS (GP)scb:
- .1 Gradations are estimated from auger cuttings and drilling conditions:
All measurements in feet unless otherwise noted about 65-70% coarse to fine, hard, angular to subrounded gravel;
— about 20-30% coarse to fine, hard, subrounded to rounded sand;
PURPOSE OF HOLE: 5| [-'»| about 5-10% low plasticity fines with low dry strength, low toughness,
Install a pump well to do testing on permeability of (GP)scb embfil b 1 b 1 slow dilatancy; maximum size recovered, 3 inches; dry, no
foundation materials _ . cementation, overall light to medium brown with a large variety of
colors in individual particles, no reaction with HCI.
DRILLING EQUIPMENT: _
Truck mounted Atlas-Copco T3W, with 12-inch-steel Total sample (by volume): About 25-30% cobbles at 3-5 inches;
casing and 10-?-inch rock bit 7 10-15% cobbles at 5-12 inches; 10% boulders; maximum size, 16
inches, determined by visual observations of surface exposure.
DRILLING METHODS:
0.0 to 23.0 drive 12" steel casing and center rock bit. 5 5.0 to 38.5 ft. Quaternary Alluvium:
23.0 to 33.0 drive 12" steel casing and center rock bit,
and foam for cleanout. 715.0to 14.0 ft. POORLY GRADED GRAVEL WITH SAND AND
33.0 to 48.0 drive 12" steel casing, cleanout with center .~ q COBBLES (GP)sc: Gradations are estimated from auger cuttings in
bit to 36.5 ] - | previous hole PW-13-A: about 65-70% coarse to fine, hard, angular to
48.0 to 38.0 pulled back casing to cleanout drill string. -1 subrounded gravel; about 20-30% coarse to fine, hard, subangular to
"I rounded sand, with some elongate shapes; about 5-10% low plasticity
DRILLER: — .. | fines, low dry strength, slow dilatancy, low toughness; maximum size
S. Rafferty (USBR) .- | recovered, 3 inches; dry, light to medium brown, no reaction with HCI.
R. Perez, helper
B. Sammons, helper _ Total sample (by volume): About 10-15% cobbles at 3-5 inches; 10%
| cobbles at 5-12 inches; maximum size recovered, 6 inches,
DRILLING COMMENTS: .| determined by visual observations of material returned outside the
Trouble starting rig, replaced o-rings and cleaned out foot "] auger flights.
petal. 7 .
Replaced discharge hose, replaced switch on air P .| 14.0t0 19.0 ft. POORLY GRADED GRAVEL WITH SAND AND
compressor (GP)sc "~.| COBBLES (GP)sc: Gradations are estimated from auger cuttings in
10— ¢ bit previous hole PW-13-A: about 70% coarse to fine, hard, subangular
WATER LEVELS: - 1to subrounded gravel with elongated and flat shapes present; about
Date/ hole depth/ water level ~-125% coarse to fine, hard, angular to subangular sand, with some
08-17-15, 23.0, 15.2 (4465.8) ‘| elongate shapes; about 5% low plasticity fines, low dry strength, slow
09-22-15, 38.0, 13.1 (4467.9) B - | dilatancy, low toughness; maximum size recovered, 2 inches; dry,
~. | light to medium brown, no reaction with HCI.
HOLE COMPLETION: -
38.0 - 35.5 filter sand below pump well screen — . { Total sample (by volume): About 5% cobbles at 3-5 inches; maximum
35.5-15.5 installed 90 wire-316 stainless steel-pump -. { size recovered, 5 inches.
well screen - 20 ft long by 6-inch O.D. Qal o
15.5 to +2.4 above ground surface - 6-inch O.D. blank _ -1 19.0t0 20.0 ft. SILTY SAND WITH COBBLES (SM)c: Gradations
PVC riser pipe are estimated from auger cuttings in previous hole PW-13-A: about
35.5-6.0 filter sand around screen and blank PVC riser .| 75% coarse to fine, hard, angular to subangular sand; about 5% fine,
pipe - | hard, subangular gravel; about 20% low plasticity fines, low dry
6.0 - 0.0 cement filled with 8-inch steel sandpipe for "I strength, slow dilatancy, low toughness; maximum size recovered, 0.5
protection. . { inch; wet, medium brown with a large variety of colors present in
-~ {individual particles, no cementation, firm to hard consistency, no to
15— .| weak reaction with HCI.
—: | Total sample (by volume): About 5% cobbles at 3-5 inches; maximum
B -._{ size recovered, 5 inches.
(GP)sc -~ 120.0t024.0 ft. SILTY SAND (SM): Gradations are estimated from
— - | auger cuttings in previous hole PW-13-A: about 75% coarse to fine,
- “- | hard, subangular to rounded sand; about 25% nonplastic fines with
slow dilatancy; maximum size recovered, coarse sand; wet, light
-. { brown to gray, no cementation, firm consistency, heave occurred into
| -~ { sample barrel at this depth, no reaction with HCI.
--124.0t025.0 ft. POORLY GRADED GRAVEL WITH SAND AND
-] COBBLES (GP)sc: Gradations are estimated from auger cuttings in
--1 previous hole PW-13-A: about 50% coarse to fine, hard, subangular
(SMc "I to subrounded gravel with elongated and flat shapes present; about
40% coarse to fine, hard, subangular to rounded sand; about 10% low

COMMENTS:
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ST MARY DIVERSION DAM ST_MARY_DIVERSION.GPJ EL VADO.GDT 10/4/16 11:25:12 AM

FEATURE: St. Mary Diversion Dam Modifications
LOCATION: Left bank of St. Mary River
BEGUN: 8/13/15 FINISHED: 8/20/15
DEPTH AND ELEVATION OF WATER
AND DATE MEASURED: 13.1 (4467.9) 09/22/2015

GEOLOGIC LOG OF DRILL HOLE NO. PW-15-1 SHEET 2 OF 2

PROJECT: Milk River

COORDINATES: N 1,701,480.0 E 102,785.0

TOTAL DEPTH: 38.5
DEPTH TO BEDROCK: N/E

STATE: Montana

GROUND ELEVATION: 4481.0 ft.

ANGLE FROM HORIZONTAL: -90 AZIMUTH:
HOLE LOGGED BY: S. Rafferty

REVIEWED BY: C. Sullivan

NOTES

DEPTH
FLD. CLASS/LITH.

% CORE RECOVERY

GEOL. UNIT SYM.

CLASSIFICATION AND
PHYSICAL CONDITION

- M)

¢ bit

(GP)sc

(GP)sc
30

- (CH)

q

35—
(GP)sc

bit w/foa

=

Qal

| |.| [TT] HOLE comPLETION

BOTTOM OF HOLE

- plasticity fines with low dry strength, low toughness, slow dilatancy;
".| maximum size recovered, 3 inches; wet, medium brown with a large

variety of colors in individual particles; no to weak cementation; very

soft to soft consistency; no to weak reaction with HCI.

- Total sample (by volume): About 10% cobbles at 3-5 inches;

maximum size, 5 inches, determined by rough drilling and visual

::'- observations of material returned outside the auger flights.

125.0t029.0 ft. POORLY GRADED GRAVEL WITH SAND (GP)s:

Gradations are estimated from auger cuttings in previous hole

1 PW-13-A: about 50% coarse to fine, hard, subangular to subrounded
‘| gravel with elongate and flat shapes present; about 40% medium to

fine, hard, angular to subangular sand; about 10% nonplastic fines;

.| maximum size recovered, 2.5 inches; wet, dark gray to brown with a
"~ | large variety of colors in individual particles; no to weak cementation;

weak to strong reaction with HCI.

':.: 29.0t0 30.0 ft. POORLY GRADED GRAVEL WITH SAND AND
-| COBBLES (GP)sc: Gradations are estimated from auger cuttings in

previous hole PW-13-A: about 60% coarse to fine, hard, subangular

.| to subrounded gravel with elongated and flat shapes present; about
"1 30% medium to fine, hard, angular to subangular sand; about 10%
low plasticity fines with low dry strength, low toughness, slow

dilatancy; maximum size recovered, 3 inches; wet, medium brown

j': with a large variety of colors in individual particles; no to weak
-| cementation; weak reaction with HCI.

.| Total sample (by volume): About 5% cobbles at 3-5 inches; maximum
- -1 size, 5 inches, determined by rough drilling and visual observations of
"I material returned outside the auger flights.

:j'- 30.0t0 32.0 ft. FAT CLAY (CH): Gradations are estimated from
".| auger cuttings in previous hole PW-13-A: about 90% medium

plasticity fines with medium to high dry strength, medium to high
toughness, no dilatancy; about 10% predominately fine, hard,

"~ rounded sand; maximum size recovered, fine sand; wet, medium
‘] brown, firm consistency, weak reaction with HCI.

-] 32.0t038.5 . SILTY SAND WITH GRAVEL AND COBBLES
| (SM)gc: Gradations are estimated from auger cuttings in previous

hole PW-13-A: about 55% medium to fine, hard, subangular to
subrounded sand; about 20% coarse to fine, subangular to

. { subrounded gravel; about 25% low plasticity fines, low dry strength,
-| slow dilatancy, low toughness; maximum size recovered, 3 inches;

wet, medium brown with a large variety of colors present in individual

particles, weak to moderate cementation, weak reaction with HCI.

Total sample (by volume): About 5% cobbles at 3-5 inches; maximum
-. { size recovered, 3.5 inches.

SHEET 2 OF 2 |DRILLHOLE PW-15-1
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St. Mary Diversion Dam Aquifer Testing

Appendix B

Laboratory Testing Results
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