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Figure 13 provides a plot of drilling depths for the aquifers under consideration. The depths are

based on fully penetrating the formations listed. For example, the points

shown for Kmo—Kk are

showing the depth to drill a Kootenai well when starting at the top of the Mowry shale and fully pen-
etrating the Kootenai formation. The candidate well sites would start drilling at some level below the
top of the Muddy sandstone/Thermopolis shale formations (Kmt). It is possible that air-rotary drilling
could be used to complete Kootenai wells from this starting point, which enables local drillers to com-
plete the work. For deeper wells, mud rotary would be required and the drilling company hired would
likely be based out-of-state. It is possible that Kootenai wells also could be found to require mud

rotary drilling methods in the event that borehole stability was poor. Well
incorporated into any Madison drilling projects.”

control provisions should be
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7 For example, blow out prevention equipment (BOPE) consisting of an annular preventer and diverter set on a

sufficient length of surface casing. A mud system alone does not provide well control.
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7.2 Meabow VILLAGE

Wells at Meadow Village produce from the alluvial aquifer on the north side of the golf course, with an
average capacity of 200 gpm. Two additional well sites are shown in this aquifer on Figure 14. The
feasibility of these sites is not presently known. Test wells are recommended prior to bidding and
drilling a production well at the sites. The Montana Bureau of Mines and Geology (MBMG) Big Sky
area project drilled 14 monitoring wells in and around the Meadow Village aquifer. These explorations
showed the aquifer has limited extent away from the existing Meadow Village wells, and that the new
well locations are likely at the limits of the usable aquifer.

Potential for water development in bedrock aquifers at Meadow Village has so far been shown to be
difficult. In section 1 shown on Figure 14 (T7S, R3E) two wells were drilled for Gallatin Peaks Land
Development, LLC (Western Groundwater Services 2000). These locations are plotted and labeled.
A production well was drilled to 800 feet (Uplands #1), and a test well (Test Well 1) was drilled to 840
feet. Both wells were developing groundwater from the Muddy sandstone and an intrusive sill at the
same horizon. Test Well 1 was drilled through additional sandstone in the Thermopolis shale. Up-
lands #1 was an apparently successful well estimated to produce at 185 gpm (it is presently not in
use). Test Well 1 was air-lifted from total depth at a rate of 70 gpm and the water had a moderately
strong hydrogen sulfide odor. It was not completed for production.

Uplands #1 could not be permitted for a water right due to several objections by neighboring well
owners, and ultimately a finding against the applicant after a contested case hearing. The denial was
based on DNRC'’s opinion that insufficient recharge was available to the aquifer being produced. The
application volume was only 40 af.® The noteworthy aspect of this denial is that it was based on ad-
verse effects to groundwater users. DNRC was not at the time considering surface water depletions
unless the hydraulic connection was immediate and direct, which was not the case for Uplands #1.
Today the applicant would also need to deal with surface water depletions.

The District also owns a bedrock well in Meadow Village that is not in use. This well is shown on Fig-
ure 14, appearing in section 2 and labeled ‘Blue Grouse’. The Blue Grouse well was re-entered and
deepened from 960 to 1250 feet in 1997 (MSE-HKM 1997). The newly constructed interval of the
well penetrated through the Kootenai formation. Total production from the well was estimated at 35
gpm and there was a moderately high iron concentration of 0.8 milligrams per liter (mg/L). The well is
presently not completed with a pump and does not have a connection to the water system. There is
possibly value in deepening the Blue Grouse well to the Madison aquifer, although this prospect may
be undesirable due to the small casing sizes that exist in the present well. If a Madison aquifer test

is contemplated in Meadow Village, the value of using the Blue Grouse well as part of an exploration
test hole should be evaluated.®

It is also noteworthy that there are numerous private wells in the Meadow Village area, many of which
produce from shallow bedrock aquifers of low yield. These wells are generally installed to produce
from the Frontier formation, Mowry shale, Muddy sandstone and Thermopolis shale. In order to
prevent interference with these existing wells, if the District were to pursue any new bedrock aquifer
explorations, the targets should be the Kootenai or Madison. These deeper aquifers would still be
considered tributary to surface water, but would be isolated from shallow groundwater.

8 The design rate for the well was 185 gpm, but the application was submitted for 260 gpm, which would have
been a short-term fire flow. The well would have used a variable frequency drive to control rate.

9 Removing the 6-inch diameter liner from the well may facilitate its use as a Madison test well.
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8. IMPROVEMENTS

This section describes improvements to water supply sources for the purpose of meeting future de-
mand and managing water rights. Cost data apply to year 2015 and were obtained from a mixture
of vendor quotes, bidding data, and engineering opinion. Engineering fees were estimated as 25%
of construction. Contingency fees were estimated at 15% of the combined total for construction and
engineering. A summary of improvement cost estimates is provided in Table 8. Detailed cost data
sheets for each improvement are provided in Appendix C.

Table 8
Improvement Cost Estimate Summary

Description Construction Engineering Contingency Total

SCADA Upgrades $279,000 $69,750 $41,850 $390,600
MTN-3 Rehabilitation $76,480 $19,120 $14,340 $109,940
MV-2, -3 Replacements $334,520 $83,630 $62,723 $480,873

Mountain Village Well
Muddy/Thermopolis Aqui-

fer $377,794 $100,107 $69,422 $547,322

Mountain Village Well

Kootenai Aquifer $642,488 $164,763 $117,431 $924,682

Mountain Village Well

Madison Aquifer (full size) $1,384,224 $209,824 $152,260 $1,746,308

Mountain Village Well

Madison Aquifer (reduced) $1,259,224 $191,074 $137,885 $1,588,183

Meadow Village Wells

MV-6 and MV-7 $463,720 $118,804 $84,998 $667,522
TOTAL| $4,817,450 $957,072 $680,908 $6,455,430

The total amount shown in Table 8 likely would not be realized because it includes different types

of well construction options that could be used in Mountain Village, and it is unlikely that all of these
would be built. A total estimate for the improvements can be made by considering that if four new
Mountain wells were constructed (average 125 gpm each) they would likely be Muddy/Thermopolis
aquifer wells. Under this condition, it can be estimated that the total of improvements to meet source
capacity requirements to 9,000 SFE and including the SCADA upgrades would be approximately
$3,838,000.

8.1 WaTer System SCADA UPGRADES

The District uses an automated system (SCADA) to operate the public water system. This improve-
ment intends to upgrade instrumentation at each water supply well to ensure flow and pumping water
level metering. Both instruments would be connected to the SCADA system for display of instanta-
neous values and to provide data archive.

SCADA system programming related to this improvement should incorporate the rates and volumes
of water right permits and provide displays that compare the actual uses to-date to the water rights.
With this information directly available, the system operator can manage the sources to maximize
use.
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At the time of implementation, a specific inventory should be performed to determine exactly the
equipment that is required. Cost data for this improvement were developed in part from the District’s
SCADA system vendor, who in that process, considered the existing equipment.

This improvement has value in giving the District useful information for operating the water system,
however, the most important use of these data is expected to be in relation to managing water rights.
Water rights consist of the rates and volumes that are put to beneficial use. In the future when the
District needs to replace a well, it will be necessary to document historic use, and only that historic
use that can be documented will change to the replacement. For this reason, it is paramount the Dis-
trict manage water rights to maximize rate and volume. These data also could have use in extending
the completion dates of water rights.

8.2 WELL MV-2 REPLACEMENT

Well MV-2 has an installed capacity of 185 gpm and is constructed at 6-inch diameter. The original
testing data pumped the well at 285 gpm with 11 feet of drawdown in 9.5 hours. Analysis of test-

ing data collected in 1999 also indicated greater capacity potential at the site (Western Groundwater
Services 1999). It is estimated that a well replacement could increase capacity to 250 gpm, resulting
in a net increase in well production of 65 gpm. This improvement constructs a 12-inch diameter well
adjacent to the existing well and uses the same power and transmission waterline. The replacement
construction project includes pump testing and a new pumping system for the well. The pumping sys-
tem includes a variable frequency drive that can be operated based on pumping water level.

The construction at 12 inch diameter enables a 6-inch diameter pump to be set in a flow sleeve and
positioned below the screen. Pump submergence requirements are therefore met in the screen
rather than above the screen, as would occur in a standard design. By this approach, greater draw-
down and capacity can be achieved in the well. This design at 16-inch diameter was used for MV-4
and MV-5.

8.3 WELL MV-3 REPLACEMENT

Well MV-3 is presently being operated at 100 gpm, and is interpreted to be impaired by plugging
(Western Groundwater Services 2010). Mechanical well rehabilitation by the air-burst method was
conducted in 2010, but did not result in appreciable improvement of well capacity. This improvement
constructs a replacement well adjacent to the existing well and uses the same power and transmis-
sion waterline. The replacement well will be constructed at 12 inch diameter and provides for setting
of a 6-inch diameter pump in a flow sleeve below the screen. The improvement also includes pump
testing of the replacement well and installation of a new pumping system with a variable frequency
drive.

Due to the possibility of iron bacteria occurring in the existing well, salvage of the existing pumping
equipment has not been included. Further rehabilitation of the well also is considered unfavorable as
compared to replacement. The costs for a thorough rehabilitation project may range to in excess

of $50,000.' There are few contractors in the area that routinely provide the services needed. The
reoccurrence of plugging is possible within a moderately short period of five to 10 years.

10 Chemical rehabilitation to be effective requires a harsh treatment of the aquifer using large volumes of chemical
solutions. The chemicals require pumping to waste with appropriate environmental handling procedures.
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8.4 WELL MTN-3 REHABILITATION

Well MTN-3 was pump tested and video logged in 2010 and found to be filled with sediment and pro-
ducing excessive sand in the discharge (Western Groundwater Services 2010). The actual downhole
condition of the well is not fully known, but it appears the screen as settled below the bottom of cas-
ing, and subsequently filled by formation materials. The rehabilitation work would enter the well with
drilling tools and clean the well to total depth. Video logging would be used to inspect the condition
and develop a final rehabilitation plan. ldeally the existing screen can be removed and replaced. Re-
habilitation rather than replacement of the well is being planned in order to best utilize the water right
of the well. If a replacement well were constructed, a change application including historic use analy-
sis would be required. It is possible this submittal would result in a reduction in the rate and volume
of the water right.

8.5 MounTaIN ViLLAGE WELLS

There are three aquifer targets under consideration at Mountain Village. These include the Muddy/
Thermopolis, Kootenai and Madison. Descriptions and costs estimates for wells constructed into
each of these aquifers is provided below. If the Muddy/Thermopolis aquifer could support future wells
without need for hydrogen sulfide treatment, this aquifer will be the least cost to develop. If the hy-
drogen sulfide gas requires treatment, the District could consider a Kootenai test well to assess if this
aquifer provides both good capacity and quality. The Madison aquifer is considered the aquifer of last
resort. Development of this aquifer would be attempted only after the Muddy/Thermopolis and Koo-
tenai aquifers were deemed fully developed. The Madison aquifer, however, has the greatest chance
for high capacity wells.

The Mowry shale aquifer developed by MTN-4 and MTN-7 could also be a viable target for other wells
at Big Sky and should not be overlooked when planning future well projects. Further development

of this aquifer should ensure sufficient offset from MTN-4 and MTN-7 in order to prevent interference
drawdown. A location near to the Mountain Village storage tank may provide a successful Mowry well
(if there is sufficient saturated thickness and permeability).

8.5.1 Muddy/Thermopolis Aquifer Well

This improvement constructs and completes a new well into the Muddy sandstone and Thermopolis
shale formations. Well sites under consideration are located on the same anticline structure as MTN-
5 and MTN-6 were drilled. The expectation of this well is similar yield as MTN-5 and MTN-6. The
finished well could produce groundwater with hydrogen sulfide gas odor.

The testing plan can be expanded at the time the work is implemented to conduct packer testing in
the open borehole of the well as a means to identify zones of improved water quality. Wells com-
pleted into the Muddy Sandstone interval are most likely to be free of hydrogen sulfide gas odor. This
isolation testing is not included in the cost estimate for the improvement.

The cost estimate includes geological field mapping and analysis, well construction, development and
completion. Well construction was planned to set and cement 8-5/8 inch diameter casing to a depth
of 250 feet. The producing zone of the well would be left as an open hole from 250 to 350 feet. Well
completion accounts for 64% of the construction costs. It includes 1,200 feet of new 6-inch diameter
water main, a control building, and a new pumping system with a variable frequency drive. Auxiliary
power for the facility was not included.
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8.5.2 Kootenai Aquifer Well

This improvement constructs and completes a new well into the Kootenai aquifer. The Kootenai
aquifer occurs below the Muddy sandstone and Thermopolis shale aquifer. It has not been drilled at
Mountain Village." The Blue Grouse well in Meadow Village is a Kootenai well that is not in use due
to low yield and moderately high iron concentration in the water.

The well plan would drill into the same anticline structure as penetrated by MTN-5 and MTN-6. A pre-
design study consisting of field mapping and borehole drilling is included to verify site geology and
locate the well. The well construction is planned to a total depth of 900 feet. It would include a 100-ft
surface casing at 12-3/4 inch diameter set and cemented. The formation would then be drilled to total
depth and the borehole would be evaluated by geophysical logging to identify sandstone intervals.

An 8-5/8 inch diameter casing would then be set and cemented to the top of the producing zone,
which would be left as an open borehole. A screen and filter pack has not been included in the cost
estimate but could be required. Completion of the well is approximately the same as required for the
Muddy/Thermopolis well. There is no auxiliary power included in the cost estimate.

8.5.3 Madison Aquifer Well

This improvement would construct the first Madison aquifer well in the Big Sky area. The well con-
struction is planned into the same anticline structure as wells MTN-5 and MTN-6. A pre-design study
consisting of geological mapping, borehole drilling, and borehole geophysical surveys is included to
locate the well site. The well site would be located to position the well borehole over the hinge area of
the anticline fold at the level of the Madison aquifer.

For cost estimation, well total depth is estimated at 3,500 feet. Construction of the well would first set
200 feet of 13-3/8 inch diameter surface casing. The borehole would then be drilled at 12-1/4 inch to
the top of the Madison aquifer. A 9-5/8 inch diameter casing would be set and cemented in this bore-
hole to an estimated depth of 3,000 feet. The aquifer would be drilled out at 8-3/4 inch diameter and
left as an open borehole. With development and pump testing, the drilling contractor fee estimate is
$1,066,000 (no contingency added).

Acid fracture stimulation of the well was not included, but is common in the Madison aquifer. This
work could add $200,000 to the well construction phase. It would be recommended if the formation
was found to be of moderate production potential. In the case that high permeability fractures were
intercepted by the borehole, acid stimulation would not be used.

As an alternative design, a surface conductor pipe could be used in place of surface casing, and
9-5/8 inch diameter casing could be set and cemented to 1,000 feet. From this point, an 8-3/4 inch
diameter borehole would be drilled to 3,000 feet and a 7-0 inch diameter liner casing would be set
and cemented using a liner hanger system. The aquifer would then be drilled at 6-0 inch diameter
to a total depth of 3,500 feet. This smaller well has a drilling contractor fee estimate of $941,000 (no
contingency added).

The completion of this well would be similar to the preceding Mountain Village wells. It includes a
transmission pipeline, control building, pumping system with variable frequency drive, and other re-
quired components.

11 Two Kootenai wells that remain undocumented were drilled for the Spanish Peaks development and are believed
to be located west of the Lone Moose Condominiums on land owned by the prior owner.
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The cost estimate engineering and contingency fees are based on reduced percentages for this well.
Engineering is based on 15% of construction costs. Contingency is based on 10% of the combined
total for construction and engineering.

8.6 Meabow ViLLAGE ALLuviAL AQUIFER WELLS

This improvement constructs two new wells designated as MV-6 and MV-7 into the Meadow Vil-
lage aquifer. Prior to bidding of production wells, 6-inch diameter test wells would be constructed

at each site to verify suitable conditions are present. Production wells could be bid as a single proj-
ect with some costs savings realized. The wells would be constructed with 12 inch diameter casing
and screen (as for the MV-2 and MV-3 replacements) and designed to enable setting well pumps in
flow sleeves below the screens. The completions include 740 feet of 6-inch diameter transmission
pipeline among other required equipment. There are no control buildings or auxiliary power supplies
included in the cost estimate.
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