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• reviewing and incorporating the results of two recent monitoring wells and two test

pits excavated in the proposed pond areas,

• analyzing the results of the field work,

• performing static slope stability analyses to evaluate the steepest possible side slopes
of the pond embankments and required setback distance from Crail Creek,

• discussing the results and recommendations of ouranalyses with personnel with
C & H Engineering, and

• submitting a geotechnical evaluation report containing logs of the borings, C & H's
logs of the monitoring wells and test pits, results ofour slope stability analyses and
recommendations for earthwork.

Our proposed scope ofservices did not include reconnaissance of the site by an engineer,
evaluation of the performance ofexisting structures or slopes, geophysical exploration,
geological exploration, or analyses of slope stability during an earthquake.

A.4. Documents Provided

The following documents were provided for our use:

C &H provided us with the site plan for the proposed improvements dated August
29, 1995. This site plan was used to select the locations ofthe borings, but has since
been revised.

C&HEngineering provided us with the more current Site Plan CI dated September
14, 1995, showing the proposed storage pond improvements. This site plan included
the locations of the recent monitoring wells logged by C & H Engineering. This site
plan was used for our Boring Location Sketch in Appendix A.

C & H Engineering provided us with their Test Hole Logs for Monitoring Wells #8
and #9 located in the area of the proposed storage ponds. They also provided us with
their logs for Monitoring Wells 1and 2. These monitoring wells were installed by
setting PVC pipe in test pits. We are therefore referring to them as Test Pits TP-1
and TP-2. These logs are included in Appendix B of the report.
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A.5. Locations and Elevations

Boring locations were selected by our personnel. The locations are shown on the Boring
Location Sketch in Appendix A. C & H Engineering assisted our personnel in staking these
locations. Penetration test borings are designated by the prefix "ST." The monitoring wells
logged by C &H Engineering are designated by the prefix "MW." Test pits are designated
by the prefix "TP."

Ground surface elevations at the borings were not determined. The elevations reported on the
boring logs have been interpolated from the contour lines on the site plan. The interval
between contour lines was 2 feet. Thus, the accuracy of the elevations should be considered

plus or minus 1 foot.

4

B. Results

B.l. Logs
1• Log of Boring sheets indicating the depths and identifications of the various soil strata, the
p penetration resistances and water level information are included in Appendix A. It should be

noted that the depths shown as boundaries between the strata are only approximate. The
actual changes may be transitions and the depths of the changes vary between borings.

pi

Geologic origins presented for each stratum on the Log of Boring sheets are based on the soil
p types, blows per foot, and available common knowledge of the depositional history of the site.
[ Because of the complex glacial and post-glacial depositional environments, geologic origins

are frequently difficult to ascertain. Adetailed evaluation of the geologic history of the site
pi

was not performed.

F B.2. Site Conditions

As can be seen on the Site Location Sketch, the site is located near Big Sky Meadow Village.
U.S. Highway 64 is runs east and west on the south side of the proposed storage ponds.

J Crail Creek runs on the north side of the ponds. The highway and the creek limit the area
available for the pond. There are three existing storage ponds on the site. These ponds have

F flexible membrane liners (FMLs) in the bottoms and along the embankment slopes to prevent
leakage. These FMLs are exposed, i.e., they are not covered with earth, sand or gravel.
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Aportion ofexisting Storage Pond #2 will be removed so the pond can be expanded
eastward. The bottom elevation of Pond #2 is.6158 and the top of its embankment is 6178,

resulting in a total embankment height of20 feet. There is a small pond north ofPond #2
and another one west of Pond #2. The proposed storage pond improvements will all be
located east of existing Storage Pond #2.

The ground surface elevation in the area of the proposed ponds is sloping downward towards
the east and northeast at a slope generally ranging from 2 to 3 percent until it reaches the
crest of the bank of Crail Creek. From the top of the crest, the ground surface slopes
downward 60 to 70 percent to the creek or drainage bottom. It appears that Crail Creek is
meandering back and forth across its drainage. Therefore, in some areas the slope is less than
60 percent, while in others it may be steeper. At the time of our field work, this area was
covered with mountain grasses and sagebrushes.

B.3. Soils

One-half to 1 foot oforganic clay topsoil was encountered at the borings. Beneath the topsoil
and root zone, the general soil profile encountered at the borings was clay till underlain by
gravel outwash. Monitoring Well #9 encountered shale bedrock beneath the gravel outwash.
Boring ST-1 was performed along the exterior side slope of one of the existing lagoons. This
boring encountered existing fill. These strata are described in more detail below.

B.3.a. Existing Fill. Existing fill consisting of sandy gravel with asphalt and poorly graded
gravel was encountered in Boring ST-1 to adepth of 5feet. This boring was performed
along the exterior side slope of one of the existing lagoons. It is our understanding that the
existing lagoon embankments were constructed of on-site materials. Therefore, we are
anticipating that the embankment material in the existing lagoons will consist of the poorly
graded gravel as described below.

B.3.b. Topsoil. Topsoil consisting ofsandy organic clay was encountered in all ofthe
borings to depths generally ranging from 1/2 to 1foot. In the test pits logged by C&H
Engineering, the topsoil was encountered to a depth of about 11/2 feet. In addition, organic
clay was encountered beneath the existing fill in Boring ST-1 from 5 to 5 1/2 feet.

B.3.c. Till. Beneath the topsoil, till consisting of clayey gravel and sandy lean clay was
encountered in Boring ST-1 from 1to 1 1/2 feet and in Boring ST-4 from 1/2 to 1 1/2 feet.
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Clay till was not encountered beneath the topsoil in Borings ST-3 and ST-5. Reviewing the
test pit logs, it also appears that the clay till was not present beneath the topsoil below a depth
of 1 1/2 feet.

Penetration resistances in the clayey gravel and sandy lean clay were 4 blows for 6 inches of
penetration and 6blows per foot (BPF). These values indicated the clay till was of medium
consistency.

4 B.3.d. Outwash. Beneath the topsoil or the clay till, outwash consisting of poorly graded
gravel with silt, sand, cobbles and boulders was encountered in Borings ST-2 through ST-5
below depths generally ranging from 1/2 to 1 1/2 feet. Gravel outwash was also encountered
beneath the organic clay in Boring ST-1 below a depth of5 1/2 feet. Drilling in the gravel
outwash was very difficult and auger refusal occurred atdepths shallower than proposed.
Penetration resistances in the gravel outwash generally ranged from 26 BPF to 50 blows for 4
inches ofpenetration. These values indicated the gravel outwash was medium dense to very

. dense.

The test pit logs indicate cobbles and boulders up to 36 inches in diameter were observed in
the gravel outwash. Drill rigs using hollow-stem auger generally cannot advance the auger
through material of this size. It is our understanding that Monitoring Wells MW #8 and MW
#9 were performed with an air-rotary drill rig, with a down-hole hammer. We wish to point
out that classification ofsoils from air-rotary rig cuttings is very difficult, because the air
rotary rig and down-hole hammer pulverize the underlying soils into a fine material, which is
blown by air out of the top. When classifying, it is very difficult to get a good idea of the
grain size of the material being drilled.

B.3.e. Shale. Shale bedrock classified by C & H Engineering as a gray sandy clay loam
was encountered in Monitoring Well #9 below a depth of36 feet. This is consistent with our
research ofthe site, indicating that the outwash is underlain by a shale bedrock. The shale
bedrock, however, does not appear to have been encountered in Monitoring Well #8.

B.4. Groundwater Observations

Groundwater was not observed in any of the penetration test borings (ST-1 through ST-5) at
the time ofour field work. Also, groundwater was not observed in Test Pits TP-1 and TP-2
when they were logged by C & H Engineering on May 9, 1995.
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We therefore requested C & H Engineering provide us with recent water level measurements
in the monitoring wells. On September 21, 1995, they provided us a facsimile showing the
monitoring well numbers and the corresponding groundwater elevations. These results are
summarized in Table 1 below. We wish to note, however, that the fax did not indicate when

the measurements were taken. Based on the request, it likely occurred within a few days of

September 21, 1995.

Table 1. Groundwater Elevations

• ——^_

Monitoring Well Groundwater Elevation

MW#1 6146

MW#2 6143

MW#3 6131

MW#4 6152

MW#5 6158

MW#6 6149

MW#7 6186

MW#8 6146

MW#9 6124

For our analysis, we included the above groundwater elevations from Monitoring Wells #2,
#8 and #9. The monitoring wells indicate that the groundwater surface is sloping downwards
towards the east and northeast at a slope of about 5 to 10 percent.

C. Analyses and Recommendations

C.l. Proposed Construction
The purpose ofthe proposed storage ponds and existing pond improvements is to expand the
capacity of the sewer treatment facilities. As previously indicated, the east embankment of
existing Pond #2 will be shifted further east to increase its capacity. Upon completion, it will
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be renumbered Storage Pond #1. Proposed Pond #1 will have a 60 million-gallon capacity.
The bottom elevationwill be 6154.5, and the embankment crest elevation will be 6177.5,

resulting in an embankment height of 23 feet. The maximum water level elevation in the
pond willbe 6174.5, resulting ina vertical water depth of 20 feet and 3 feet of free board.

Proposed Storage Pond #2 will be constructed east of proposed Pond #1. It will have a
capacity of 20 million gallons. The bottom elevation will be 6142 and the embankment crest
elevation wiil be 6165, also resulting in an embankment height of 23 feet. The maximum

4water level will be 6162, resulting in 20 feet of water and 3 feet of free board. The east
embankment of Pond #1 and the west embankment of Pond #2 will be shared by both ponds.

The embankments will have 10-foot wide crests. Due to the highly permeable gravel

outwash, the proposed ponds will be lined with flexible membrane liners (FMLs). A cushion
material, likely consisting of 3/4-inch crushed sand and gravel or smaller, will be provided
beneath the FMLs to protect them. In addition, the FMLs will be anchored into the tops of
the embankments to prevent sliding.

The embankments for the proposed storage ponds will consist of on-site materials by balance
cutting and filling. It is our understanding that an aggregate production plant will likely be
set up on site during construction to crush the gravel outwash with cobbles and boulders, and
to provide suitable embankment materials. Due to the balance cut/fill for embankments, the
final grades may change a couple of feet from the values indicated above.

Initially, it was desired to evaluate whether or not 2 horizontal: 1vertical side slopes on
embankments would be stable under staticconditions. (Earthquake slope stability was not

analyzed by our firm.) Due to safety concerns, consideration is also being given to 3:1 side
slopes.

If the proposed grades indicated above vary by more than 2 feet from the values indicated, we
should be informed. Additional analyses and recommendations may be necessary.

C.2. Discussion

The borings indicated that the general soil profile in the proposed embankment areas for the
ponds will consist of 1/2 to 1 foot of organic clay underlain by clay till to adepth of about
1 1/2 feet. Stripping of the topsoU will be required during construction. Assuming that large
earth-moving equipment will be used, it is our opinion that the underlying clay till should also
be removed at the same time. Penetration resistances in the clay till indicated it has medium
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consistency. Large earth-moving equipment driving across this clay till will disturb it. To
provide a more suitable foundation for the embankments, and for ease ofcompaction of
embankment materials, we recommend removing the underlying clay till from proposed

P embankment areas. These recommendations are discussed in more detail later in this report.

Seasonal and annual fluctuations of the groundwater table occur due to variations in rainfall,
f irrigation, snow melt and other factors not evident at the time of the field work, nor at the

time the existing monitoring wells were measured. In addition, groundwater levels will likely
P fluctuate in unison with water levels in Crail Creek. We recommend continued monitoring of

4groundwater levels in the monitoring wells to evaluate their effect on the design, construction
and performance of the proposed storage ponds.

C.3. Basis of Recommendations

P The gravel outwash encountered by the borings consisted of poorly graded gravel with silt,
sand, cobbles and boulders. Due to the large particle sizes ofthe outwash, shear strength

p, . tests were not performed on the material, i.e., direct shear tests cannot be performed in
conventional equipment on materials with aggregate sizes larger than 1 inch. It was therefore
necessary for us to assume friction angles of this material. In addition, it was also necessary

P for us to assume natural and compacted unit weights for the gravel outwash. These values
were based on our experience with similar materials, and are considered conservative.

C.4. Site Preparation

r C.4.a. We recommend that the vegetation, topsoil and root zone (organic clays) and the root
masses beneath bushes be removed from beneath proposed embankments and pond bottoms.

pi The depth of removal across the site should be determined by observations during stripping.
It is suggested that additional test holes be dug across the pond areas prior to construction to
further evaluate the thickness of the existing topsoil and clay till.

isi

^- C.4.b. Fill. Some fill may also be required to raise grades beneath proposed bottom liners.
m Beneath the pond bottoms, i.e., outside of the proposed embankment areas, it is our opinion
I that the on-site clay till can be used as fill. If additional materials are necessary, we

recommend using screened or crushed embankment fill as discussed below.
si
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m C.5. Embankments

C.5.a. Fill. As previously indicated, on-site gravel outwash will be used as fill to construct
the proposed pond embankments. We recommend screening or crushing the gravel outwash
with cobbles and boulders to produce a material with a maximum particle size of6 inches. In

P essence, this will provide a 6-inch minus sandy gravel fill material. We recommend that fill
in proposed embankments be compacted in lifts and at amoisture content near or slightly
above optimum moisture content. The fill should be compacted to a minimum of95 percent

4 of its maximum dry density determined in accordance with American Society for Testing and
Materials (ASTM) Method of Test D 698 (standard Proctor).

SI

C.5.b. Slope Stability Analyses

C.5.b.l. Method. Static slope stability of the proposed pond embankments was
analyzed using the XSTABL®, Version 5, 1995, computer program prepared by Sanil

m Sharma for Interactive Software Designs, Inc. This program can analyze slope
stability by several different methods. The Jambu and Simplified Bishop methods of
circular failures were initially performed, and it was determined that Bishop's method
resulted in lower calculated factors of safety. Therefore, this method was used for
our analyses.

(SI

C.5.b.2. Assumptions and Conditions. As previously indicated, we recommend
that the topsoil and underlying clay till be removed from beneath proposed
embankments. Therefore, the foundation material beneath embankments will consist
of natural gravel outwash. We assumed this material will have a moist unit weight of

m 155 pounds per cubic foot (pcf). Embankments will be constructed ofthe same
' material, although crushed or screened to provide 6-inch minus material. We

assumed a compacted unit weight of 150 pcf for embankment fill. We assumed a
friction angle of35 degrees for both of these materials and no cohesion.

p We also included surcharges on the interior embankment slopes in our slope stability
analysis. These surcharges simulated ofthe 20 feet ofwater being stored in the
ponds. In addition, we included a vehicle surcharge on the crest of 250 pounds per
square foot (psf).
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C.5.b.3. Factors of Safety. We reviewed several resources to evaluate acceptable
minimum factors of safety for the slope stability analyses. For the interior slopes, it
is our opinion that the minimum factor of safety should be 1.3, assuming shallow
failures could occur and be repaired. For the exterior slopes, we recommend slopes
providing aminimum factor of safety of 1.5 against failure. Failure of the exterior
slopes could result in hazardous situations such as flooding ofU.S. Highway 64 or
Crail Creek.

C.5.b.4. Results. The results of the slope stability analyses, consisting of cross
sections, critical failure surfaces and lowest factor of safety are included in Appendix
C. Two basic cross sections through the pond embankments were analyzed.

Profile A consisted of the shared embankment between proposed Ponds #1 and #2.
This embankment has interior side slopes on both sides, which were set at slopes of 2
horizontal to 1 vertical. Using XSTABL®, factors of safety ranged from 1.43 to
greater than 3.0. These values exceed the desired factor of safety of 1.3, therefore, it
is our opinion that a2:1 slope can be used for interior slopes of pond embankments.

Profile C was taken in proposed Storage Pond #2, near the northeast corner where the
embankment is closest to Crail Creek. Numerous profiles were analyzed with the

following results.

. The static slope stability of2H: IV exterior slopes resulted in factors ofsafety of
1.3 to 1.4 for several potential failure surfaces. These values are below 1.5,
indicating that a slope of 2H:1V on the exterior face is too steep.

• Placing the embankment close to the crest of the bank of Crail Creek drainage
resulted in the following calculated factors of safety.

Distance from Crest

12'

15'

16'

Factor of Safety

1.397

1.473

1.483
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Factor of Safety

1.527

1.539

Therefore, we recommend providing at least 17 feet of horizontal distance
(setback) from the crest of the bank of Crail Creek to the toe of the exterior
embankment slope. This will provide a factor of safety exceeding 1.5.

• Given the above two conditions, it was decided to set the exterior slope at

2 1/2H:1V, and place it 17 feet away from the Crail Creek crest. This analysis
is included in Appendix C as Profile C5. Several potential failure surfaces were
evaluated, all with factors of safety exceeding 1.5.

• We determined a factor of safety of 1.064 for the side slope of Crail Creek.
Because the bank appears to have been formed by erosion at the toe, and
material sliding into the creek, a factor of safety near 1.00 is to be expected.
The factor of safety for a potential failure surface passing 17 feet behind the
crest exceeds 1.50, however, as indicated above.

As a final analysis, we also evaluated 3H:1V side slopes for Profile C. The results
are included in Profile C6 in Appendix C. Excluding the stability of Crail Creek,
factors of safety for these slopes ranged from 1.585 to greater than 2.

C.5.b.5. Summary. Summarizing our slope stability analyses, we recommend
providing 2 horizontal to 1vertical slopes or flatter on the interior embankment
slopes. For the exterior slopes, we recommend providing 2 1/2 horizontal to 1
vertical slopes or flatter and that the exterior toes be kept a minimum of 17 feet away
from the crest of Crail Creek.

C.5.C Settlement. As previously indicated, embankment fill should be placed directly on
undisturbed gravel outwash. We anticipate up to 1/2 inch of consolidation of the foundation
soils due to the embankment fill. Some consolidation of the embankment fill will also occur.

When compacted to 95 percent, we anticipate up to 1 to 2 inches of embankment fill
settlement could occur. Therefore, we anticipate total settlement of embankments could be 1
1/2 to 2 1/2 inches. Most of this settlement will occur during or shortly after placement of
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the embankments. It is our opinion that the FMLs will be able to tolerate the remaining
settlement.

C.5.d. Slope Protection. We anticipate that the FML along the interior slopes of
embankments will provide suitable slope protection for wave action. For the exterior slopes,
however, slope protection of the gravel fill should be provided, particularly if2 1/2 horizontal
to 1vertical slopes are used. Water running down these slopes could wash away the sand
binder material between the gravel particles. These gravels could then roll down the exterior

4 slopes, possibly onto U.S. Highway 64. The exterior slopes should be protected against
erosion inaccordance with state requirements. It is our opinion that one possible method
would be to place a 1/2- to 1-foot thick topsoil layer and establish vegetation. In addition, the
exterior slope should be frequently inspected to determine iferosion is occurring.

D. Construction

D.l. Excavation

It is our opinion that the soils encountered by the borings can likely be excavated with afront-
end loader or scraper. As previously indicated, cobbles and boulders were encountered in the
underlying gravel outwash. These materials can sometimes be difficult to excavate with
smaller front-end loaders or scrapers. It may be necessary to rip these materials in order to
excavate them. For excavations over 5 feet deep, it is our opinion that the organic clay and
underlying clay till can be considered Type Bsoils under Department of Labor Occupational
Safety and Health Administration (OSHA) guidelines and that the gravel outwash will be Type
C. All earthwork and construction should be performed in accordance with OSHA -
guidelines.

D.2. Observations

We recommend that subgrades beneath the bottom liner and embankments be observed by a
geotechnical engineer or an engineering technician working under the direction of a
geotechnical engineer to see if the subgrade soils are similar to those encountered by the
borings. The removal of topsoil, root zone, and root masses beneath bushes should be
observed. In addition, the removal of the organic topsoil and underlying clay till from
beneath proposed embankments should also be observed.
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D.3. Moisture Conditioning
The on-site gravel outwash which will be excavated, screened and/or crushed, and reused as
fill in the proposed embankments appeared to be below optimum moisture content. We
anticipate it will be necessary to add moisture to this soil to achieve amoisture content near
or slightly above optimum.

In addition, care should be taken during construction to provide proper drainage of surface
water off of exposed subgrade, particularly the organic clay or clay till. If these soils become

4 wet or saturated, they will become soft. Construction equipment running across them could
create soft spots and the equipment could get stuck. In addition, soft clay subgrades create
difficult working surfaces for all equipment during construction.

D.4. Testing
We recommend density tests of fill placed beneath bottom liners and in embankments. We
recommend at least one compaction test for every 3,000 cubic yards of fill placed. At least
one test should be conducted for every three vertical feet of fill placed. Samples ofproposed
backfill and fill materials should be submitted to our Bozeman satellite office at least three
days prior to placement on the site for evaluation and determination of their optimum
moisture contents and maximum dry densities.

D.5. Cold Weather Construction
If site grading and construction is anticipated during cold weather, we recommend that good
winter construction practices be observed. All snow and ice should be removed from cut and
fill areas prior to additional grading. No fill should be placed on soils which have frozen or
contain frozen material. No frozen soils should be used as fill.

pi E. Procedures

E.l. Drilling and Sampling
The penetration test borings were performed on August 30, 1995, with atruck-mounted core
and auger drill. Sampling for the borings was conducted in accordance with ASTM D1586,

*" • "Penetration Test and Split-Barrel Sampling of Soils." Using this method, we advanced the
bore hole with hollow-stem auger to the desired test depth. Then an automatic 140-pound

L hammer falling 30 inches drove astandard, 2-inch OD, split-barrel sampler atotal penetration
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p of 1 1/2 feet below the tip of the hollow-stem auger. The blows for the last foot of
penetration were recorded and are an index ofsoil strength characteristics.

All of theborings encountered very dense gravel outwash at relatively shallow depths. When
the sampler could not be driven 6 inches with 50 blows of the hammer, the distance the

F sampler was advanced with 50 blows was recorded. When this situation occurred during the
first 6 inches of the drive, it was noted as occurring within the "set."

I 4E.2. Soil Classification
' Soils encountered in the borings were visually and manually classified in the field by the crew

P chief in accordance with ASTM D2488, "Standard Practice for Description and Identification
ofSoils (Visual-Manual Procedures)." Asummary of the ASTM classification system is
attached. All samples were then returned to the laboratory for a review of the field

pi

classifications by a geotechnical engineer oran engineering assistant under the direction ofa
geotechnical engineer. Representative samples will remain in our Billings office for aperiod

F of 60 days to be available for your examination.

ip]
E.3. Groundwater Observations

About 10 minutes after taking the final sample in the bottom ofa boring, the driller probed
through the hollow-stem auger to check for the presence of groundwater. Immediately after
withdrawal ofthe auger, the driller again probed the depth to water or cave-in. The boring
was then backfilled.

F. General Recommendations
pi

F.l. Basis of Recommendations

P The analyses and recommendations submitted in this report are based upon the data obtained
from the soil borings performed at the locations indicated on the attached sketch. Often,
variations occur between these borings, the nature and extent of which do not become evident
until additional exploration orconstruction is conducted. A reevaluation of the
recommendations in this report should be made after performing on-site observations during

Pj
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construction to note the characteristics of any variations. The variations may result in
additional earthwork and construction costs, and it is suggested that a contingency be provided

for this purpose.

It is recommended that we be retained to perform the observation and testing program for the
site preparation phase of this project. This will allow correlation of the soil conditions
encountered during construction to the soil borings, and will provide continuity of
professional responsibility.

F.2. Review of Design
p This report is based on the design of the proposed storage ponds as related to us for

preparation of this report. It is recommended that we be retained to review the geotechnical
aspects of the designs and specifications. With the review, we will evaluate whether any

r changes in design have affected the validity of the recommendations, and whether our
recommendations have been correctly interpreted and implemented in the design and

p-. specifications.

F.3. Groundwater Fluctuations

r We made water level observations in the borings at the times and under the conditions stated
on the boring logs. These data were interpreted in the text of this report. The period of

P observation was relatively short, and fluctuation in the groundwater level may occur due to
snow melt, rainfall, flooding, irrigation, spring thaw, drainage, and other seasonal and annual
factors not evident at the time the observations were made. Design drawings and

F specifications and construction planning should recognize the possibility of fluctuations.

P F.4. Use of Report
^ This report is for the exclusive use of the addressee to use to design the proposed ponds and

prepare construction documents. In the absence of our written approval, we make no
representation and assume no responsibility to other parties regarding this report. The data,
analyses and recommendations may not be appropriate for other structures or purposes. We

f recommend that parties contemplating other structures or purposes contact us.

4
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m F.5. Level of Care

Services performed by Braun Intertec Corporation personnel for this project have been
conducted with that level of care and skill ordinarily exercised by members of the profession
currently practicing in this area under similar budget and time restraints. No warranty,
expressed or implied, is made.

W)
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4 Professional Certification
I hereby certirythaf this report was prepared
by me^attd that J^am.a duly Registered Professional
Engineer under the lawsof the State of Montana.

Gregory//. Staffileno,
Mana^r^Moritana Engineering
Registration'Number 10798PE
September 28, 1995
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Site Location Sketch

Boring Location Sketch
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BORING: ST-1PROJECT: BHAX-95-181
GEOTECHNICAL EVALUATION
Proposed Storage Ponds
Big Sky Water and Sewer District
Big Sky, Montana

LOCATION:

Proposed Storage Pond No. 3. See attached
sketch.

DRILLER: W. Neff

Elev.
6154.0

6153.0

6149.0

6148.5

Depth
0.0

1.0

5.0

5.5

ASTM
Symbol

OL

GP

GM

! i

" •

M'l'l

111!!!
ii!:!

ii

METHOD: 3 1/4" HSA,Auto Hmr DATE: 8/30/95

Descriptionof Materials
(ASTM D 2488)

FILL: Sandy Gravel mixed with asphalt, fine- to
coarse-grained, black and brown, dry.

FILL: Poorly Graded Gravel with Sand, fine- to
medium-grained, trace clay lumps and pieces of
wood, brown, rather wet, loose to medium dense.

ORGANIC CLAY with SAND and roots, low
♦plasticity, black, moist, medium. (Topsoil)
POORLYWaDED'GRAVEL wi¥s"lLf,""
COBBLES and BOULDERS, fine- to
coarse-grained, nonplastic, trace Clay, gray,
rather dry, medium dense. (Outwash)

BPF WL

3/5

14

4/3

qp

SCALE: 1" = T

Tests or Notes

Ground surface

elevation at the

borings were
interpolated from
contour lines on Site

Plan.

e« -

•2

12/4 \

•3

CO

•g
CO

tJ
o
oi

SI

6146.0 8.0

mXSTToT

END OF BORING - Auger Refusal

Water not observed with 8' of hollow-stem auger
in the ground.

Braun Intertec - 9/'2if/t>S "STH page 1or l
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LOG OF BORING

PROJECT: BHAX-95-181
GEOTECHNICAL EVALUATION
Proposed Storage Ponds
Big Sky Water and Sewer District
Big Sky, Montana

DRILLER: W. Neff

Elev.
6139.0

Depth
0.0

ASTM
Symbol

OL

METHOD: 3 1/4" HSA.Auto Hmr

Description of Materials
(ASTM D 2488)

BORING: ST-2

LOCATION:

Proposed Storage Pond No. 3. See attached
sketch.

DATE: 8/30/95 SCALE: 1" = 2'

BPF WL qp Tests or Notes

6138.0 1.0

G^g

SANDY ORGANIC CLAY, medium plasticity,
with,roots and Gravel, brown, rather dry, rather
soft. (Topsoil) • *

2/4

pi

^ 6137.5 1.5

PI

PI

"8
CO

c
O

CO
3
ccj

5

CO

"2
F ^

sn

CO

•a
CO

t:
o
CM

<u

CO

6136.0 3.0

BHAX-yi'lW

GP

GM

CLAYEY GRAVEL, fine- to coarse-grained,
\medium plasticity, with roots, brown, rather dry,
'medium. (Till)

POORLY GRADED
COBBLES and BOULDERS, fine- to
.coarse-grained, nonplastic, light grayish brown,
\rather dry, very dense. (Outwash)
END OF BORING - Auger Refusal

22/4

-J

Water not observed with 3' of hollow-stem auger
in the ground.

Braun Intertec - iW'28/ib "ST-2 pagelotl
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CO

LOG OF BORING

PROJECT: BHAX-95-181
GEOTECHNICAL EVALUATION
Proposed Storage Ponds
Big Sky Water and Sewer District
Big Sky, Montana

BORING: ST-3

DRILLER: W. Neff

Elev.
6151.0

6146.1

Depth
0.0

4.9

JHAX45-1H1

ASTM

Symbol

GP

GM

LOCATION:

Proposed Storage Pond No. 3. See attached
sketch.

METHOD: 3 1/4" HSA,Auto Hmr DATE: 8/30/95 SCALE: 1" = T

Description of Materials
(ASTM D 2488)

V of topsoil and root zone over POORLY
GRADED GRAVEL with SILT, COBBLES and
BOULDERS, fine- to coarse-grained, nonplastic,
trace clay lenses, light grayish brown, rather dry,
medium dense to very dense. (Outwash)

END OF BORING - Auger Refusal

Water not observed with 4' of hollow-stem auger
in the ground.

Water not observed to dry cave-in depth 1'
immediately after withdrawal of auger.

Braun Imertec - M/ib

BPF WL

12

34

50fdr
5"

qp' Tests or Notes

3 1/4 *qp=pocket
penetrometer estimate
of unconfined

compressive strength,
tons per square foot.

4+

ST-3 page 1or 1
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PI

PI

•a
CO

e
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w

CO

3
"cO
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LOCi Uh bUKIIMVs

BORING: ST-4PROJECT: BHAX-95-181
GEOTECHNICAL EVALUATION
Proposed Storage.Ponds
Big Sky Water and Sewer District
Big Sky, Montana

LOCATION:

Proposed Storage Pond No. 3. See attached
sketch.

DRILLER: W. Neff

Elev.
6165.0

6164.5

6163.5

6161.5

Depth
0.0

0.5

1.5

3.5

ASTM
Symbol

OL

cTK

GP

GM

etc

METHOD: 3 1/4" HSA.Auto Hmr DATE: 8/30/95 SCALE: T=2

Description of Materials
(ASTM D 2488)

BPF WL

SANDY ORGANIC CLAY, medium plasticity,
with.roots and Gravel, brown, rather dry, rather
\soft. (Topsoil) /:
SANDY LEAN CLAY, low to medium plasticity,

',with roots, a little Gravel, brown, ratherdry,
'medium. (Till)
POORLY G¥ADEb"Gl^VEL with's'lLf,
COBBLES and BOULDERS, fine- to
coarse-grained, nonplastic, light grayish brown,
rather dry, dense to very dense. (Outwash)
END OF BORING - Auger Refusal

Water not observed with 3.5' of hollow-stem
auger in the ground.

12/3 J

qp Tests or Notes

CO

CO

CO

•s-
CO

•§
CO

u
4>

CO

BHAX-9i-l«l Braun lntenec - iWliWJb ST4 page I or 1
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LOG Uh bUKIIMU

PROJECT: BHAX-95-181
GEOTECHNICAL EVALUATION
Proposed Storage Ponds
Big Sky Water and Sewer District
Big Sky, Montana

DRILLER: W. Neff

Elev.
6144.0

Depth
0.0

ASTM
Symbol

OL

METHOD: 3'1/4" HSA,Auto Hmr

Descriptionof Materials
(ASTM D 2488)

BORING: ST-5

LOCATION:

Proposed Storage Pond No. 3. See attached
sketch.

DATE: 8/30/95 SCALE: 1" = 2'

BPF WL qp Tests - or Notes

6143.0 1.0

SANDY ORGANIC CLAY, medium plasticity,
with.roots and Gravel, brown, rather dry, rather
soft. (Topsoil)

POORLY gYaWd'GRAVEL with'sUf,
COBBLES and BOULDERS, fine- to
coarse-grained, nonplastic, light grayish brown,
rather dry, medium dense to very dense.
(Outwash)

2/9

pi O-

4)

p. «

[ §

Bl eO
I' >

1>

IP)

IB

pi

iSI

CO

•a
CO

o
CM

u

CO

6139.7 4.3

JHAX-i)S VST

GP
GM

B&L

END OF BORING - Auger Refusal

Water not observed with 4* of hollow-stem auger
in the ground.

Braun Intertec - W2*m
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1. Log of Monitoring Wells MW #8 and MW #9
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IBfl

$51

pi

SI

Pi

pi

IS)

pf|

TP-t
C tf // Engineerinn and Surveying, inc. : TKST HOLE LOG
PROJECT: „Bij5 Sky Sewer. JCMff: _95052 ROLE: . MW //l
STATU: MT COUNTY: GaJ.Jul.in LOCATION:'!' GS R 4E SEC IM
TRACT -- .SITE DESCRIPTION: See Map (Wes.L).... DATE; ,5-9-05 .
RECORDED BY: „SK... DRILL METHOD: B-hoo DRILLER: K&K Conslr.
TOTAL DEPTH: ^O" :
SCALE/DEPTH
o- o

IT

2-

:*-•

4~

7-

»-

*> - 1 O H

1 o-

SOIL DESCRIPTION

Vory dork brown sondy 1 oom
l.opnoi J. with <rommon orK«nl«H
f*«d rt rt*-veX» (1"-:*" d 1 tJimc; t o x- )

.Dark brown wond.v .loom wi lh clnyey
«r*ivols» arid cobbles ( 1 " -
1 a " el i. <xmo Lcr) mod 1 urn to hi Rh
droiBi ty. low to medium i>las t lolly
RiMity tftxliii*<;, Ttrw orRfuilcft.

.Well ftrnrtocl elu.vey »«»r»cl »ind
gravel with cobbles ftxid boulclnrH
(1/H** - 3UM diameter) no orgnnlcw
hj|(h donHlty, medium p]nBl..1ciLy.

IN SAMU MAriSll^/Vl- A.SS DESCRIBKI) AMOVB
oxr.opt. dlnmeter incroasoH with depth.

EiHl c>f Rxcflv/iiion. No ovJdonee
oj* ground water o »* 1 1 m f I « »>M l«.vc?i-
<roon1 t orlriu wcJJ //l .1 n « i a 1 1 e«l )

C: : \wpwj yi \ i'o»-mw \ 195032 2



IP)

sp

in

pi

psi

pi

pi

f-HLin l L<iH fcNUiNttKi(S06. aUKVCl 1INU ri-ILHNC IHU. - ^oofjut xj>x*s '*>>*• W w • WW*

- z

C & II lingitworlag and Surveying. Inc. :
PROJECT: _J3i.fi Sky Sower JOB//: ...95052. HOLE:
STATE: „MT_ COUNTY: .Gallatin LOCATION:!' 6S
TRACT -- .SITE DESCRIPTION: See. Map. ..(East) DATE: 5-9-95
RECORDED HY: SK DRILL METHOD: ..B-]loe_ DRILLER: K&K Constr.

TOTAL DEPTH: 9* 0W
SCALE/DEPTH •

TEST HOLE LOG

MW 1.2

R 4E SEC 31

o - o •* .

- 1t> "

2-

3

4-

R CSC)

C>-

y-

H-

«>- lOB

lO-

SOJI. DESCRIPTION
.Very dorUbrowi) ?*r%ndy loam top-soil
with common or|iunlc:H nnd «ri»vo]s

( i / B «• -• :i " d i um» 1. e r )

DurK brown Handy lonm with Rlayuy

gravclfl <*nd oobbl«?« (1/2" - lO"
cllumotor). Tow orBrinlca.
low to medium plasticity, medium

tO lljRll llCTHKlty.

Depth to m well Rrnded ftantly lom
with RravclH, oobbloR njid
bo»j.ldor« (1/2" - »0" clinmoler)
low plfl«tii:J.ty. medium to hi«h
tlnnnlty. rtrltiy lexturn,
no orgnnlcs.

IN H/WM1S MiYTESftTAJ... /VS* DESC:RIBFtl> AUOVE
exeep L ciiamt;nr .IncrcanoH wl th depth

J-.nd o V Excnvallon. No E-vi. donee

or urtmnti wn t e i- or- limiting
1 t»ynr (Monitor Well ft ^ inRl.ulJed)

f:\wpw 1n \ fri r m» \ 19OU5r



id

r
pi

(•KLH'I • »-wt u«jiik.u\i 'W\» ww« >

j- :t\

CfillKtyineerinKundSurveyUiB, Inc.- 1£S1

PBOiPCT- BmSWvSeser. JOB* JSQSL HOLE: ifflUB- STATE: ML COUNTY: Atafe.

TQTAK DEPTH:J[3L
Sf/uK/nHPTH
1>-

ftn]1( INSCRIPTION

llrown Handy loam with gravel

}2.\2' Sandy gravel.

I5-15V

18- 18V

.Coarse brown loamy sand and gravel

..Dark brown medium Brained aandy flnivel
(static water levet observed at 10* 6 1/4" bgs.)

^ 24* Dark brown clay loaro/grovel blend.

27-27'..... Drown sandy cby/ipiivol blend

30<
30» Grey sandy clay/gravel blend.

33- 31*.

30-

£

..White silty clay blended with very few to common small gravels.
End of Boring

Nole 6" uwinclct slecl well cning perforated from 20 to JO feel below ground surface.

Cr^WWM»2V«niuo\kwlk>{t3



(•KUI'I • *-W1 CHUliitUMiiui* wwi'.vi_ • .. «w

PI

jpl

[pi

PI

PI

L

$pj#

C; * WEnpneermy* and Surveying Inc.. TEST HOLE LOG

PROJECT- *** Sewer JOB*: 950R HOLE: **«. STATE: ML^^»[o?ST6SR4ESEClL.TRACr ^ S.TE DESCRIPTION: _S«, *••« Plan (Wcs.)
n^r^^DEDTY: J*. DR.LLMETHOD: DriJLDR.LLH,J»
TOTAL DBPTH:J9L
^AIFVOKPTH

^^pi.^nRlrTlON.

12-12'
J)ark brown coarse grained sandy gravel.

15-15'.
.Brown medium grained sandy giavel.

jg. jg. Clean gravel.

21- 21V

*
2T..

36- 36'.

.Brown coarse grained sandy gravel
(static ground water level observed at 18* 33/4 bus)

.Dark brown sandy clay loom/gravol blend.

.Over consolidated grey sandy clay loam.

j^jo* Blue-green shaley clay.

45-45V
.Over consolidated grey silty clay.

4R
4R. Multi coloied broken clayey shales

E

S(,. Dark grey biokcn clayey shales.
;,(j.60*. EndoFBoring

Note: 6" diameter steel
well casing, perforated
from 15 to 30 foot
below ground surface.

ftrfihW?\VS0S2VinW«i«*k>t<
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