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EXECUTIVE SUMMARY

The Mountain Village Well No. 7, Big Sky, Montana, was completed in a fractured rock
aquifer with production zones fronn 253 to 280 feet. Yield and drawdown tests
conducted at 300 gpm for 34 hours indicate the long-term average well yield which the
well can reliably sustain is 150 gpm. The yield and drawdown tests indicate the well will
sustain a peak pumping yield of 300 gpm for two to three weeks at a time, provided that
an equal amount of recovery time follows after the peak pumping. These conclusions
take into consideration drawdown interference between the new Well No. 7 and an

existing Well No. 4.
Based on the results of the yield and drawdown tests, it is recommended the well be
equipped with a pump capable of producing 300 gpm into the distribution system with a
total dynamic head equal to the pumping lift of 200 feet out of the well (including pump
column losses) plus distribution system pressure.
Distribution pressure is not
anticipated to fluctuate significantly due to the fact the well will discharge to a clear well
in a booster pumping station. The depth to the pump inlet should not exceed 265 feet
below top of casing. The recommended maximum pump inlet depth is based on the
need to keep the pump motor above the openings into the well casing so that the flow of
water from the openings to the pump inlet will be past the pump motor and will provide
adequate cooling of the pump motor. Assuming a submersible motor length of 5 feet or
less, a pump inlet setting of 265 feet below top of casing will keep the motor above the
top of the casing openings at 270 feet.

Laboratory analysis of inorganic constituents in the water produced from the well show
that the water chemistry is excellent and satisfies all requirements of the National
Primary Drinking Water Standards.

m

1. INTRODUCTION

Mountain Village Well No. 7 is located at the Big Sky Mountain Village in the NW, NW,
NE, NE, Section 30, T6S, R3E, about 1,200 feet west of the eastern boundary of
Section 30 and about 100 feet south of the northern boundary of Section 30. Well No. 7
is about 255 feet from previously existing Well No. 4. Figure 1 shows the location of
Well No. 7 with respect to the Big Sky Water and Sewer District distribution system and
previously existing Wells Nos. 1 through 6.

Well No. 7 was completed in response to an agreement between the Big Sky Water and
Sewer District and the Yellowstone Development. LLC wherein the District agreed to
connect a portion of the Yellowstone Club development to the Big Sky Water and Sewer
District public water supply system in return for the Yellowstone Development, LLC
completing a new well for the District capable of producing at least 150 gpm. The well
was drilled and tested in the period from October 29 through December 17, 2001.
Stepped rate tests from 100 to 350 gpm were completed followed by a constant rate
test at 300 gpm for more than 26 hours.

The tests indicate the well will support a design yield of 150 gpm and provide a reliable
peak pumping capacity of 300 gpm. It is recommended the well be equipped with a
pump capable of providing 300 gpm into the distribution system at low distribution
system pressure and less than 300 gpm at high distribution system pressure.
m

^

The well was drilled by the O'Keefe Drilling Company from Butte, Montana utilizing
forward air rotary methods. A 16-inch nominal diameter steel surface casing was set
from land surface to 35 feet followed by a 12-inch nominal diameter steel surface
conduit from land surface to 93 feet, penetrating bedrock from at least 60 feet to 93 feet.
A 12-inch diameter borehole was drilled with a down-hole casing hammer from 93 to
312 feet and completed with 8-inch nominal diameter steel surface casing from land
surface to 280 feet. The annulus between the 8-inch casing and the 12-inch borehole is
plugged with two rubber formation packers from 252-253 feet and 12 fifty-pound sacks
of 3/8-inch bentonite chips from 231.5 to 252 feet. The annulus from 105 to 231.5 feet

is backfilled with a 50/50 mixture of sand and 3/8-inch bentonite chips. A bentonite plug
consisting of 3/8-inch bentonite chips extends from the bottom of the pitless unit to 105
feet, overlapping the bottom of the 12-inch surface conduit by 12 feet.

^

^

The production zones in the well are located between the formation packers at 253 feet
andthe top of a cement plug at 280 feet. The 8-inch steel casing is landed on a cement
plug at 280 feet and openings into the well consist of torch-cut windows, four per
circumference, each window 3 inches by 30 inches in size, with 6-inch vertical
separation per round, from 270 to 280 feet, starting 6 inches off the bottom of the
casing. Groundwater produced in the interval below the formation packers at 252 feet
flows down the annulus between the casing and the borehole before entering the well
through the windows cut in the casing from 270 to 280 feet. This well design allows the

pump inlet depth to be set below the top of the water-bearing zones to maximize the
water column available to support pumping while preventing cascading water and/or air
entrainment.

n
Figure 1:

Well location map.
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The groundwater is produced from fractured andesite porphyry (crystalline igneous
rock) comprising an igneous sill intruded into the Muddy Sandstone. Appendix A
contains a geologic log of the well and completion data. The bottom of the last major
unit of andesite porphyry was penetrated at 282 feet. The material penetrated from
300-312 feet consisted of black Thermopolis Shale and a hydrogen sulfide odor was
evident in the water produced at a total depth of 312 feet whereas no hydrogen sulfide
odor was detected in water produced from the andesite porphyry. Accordingly, a
cement plug was placed in the borehole, using a tremie pipe to provide positive
displacement of cement from the bottom of the hole upward, consisting of 6.5 sacks of
6.2 gallon/sack slurry from 280 to 290 feet and 12 sacks of 6.2 gallon/sack slurry with 2
percent bentonite from 290 to 312 feet as summarized in Appendix A.

The location of Well No. 7 was selected based on two primary considerations selection of a site where the target aquifer was not likely to produce groundwater
containing hydrogen sulfide and selection of a site where aquifer permeability was likely
enhanced by fracturing. Accordingly, the local geology was the principal consideration
in selecting the site. Other constraints were proximity to the existing distribution system,
site ownership and access, avoidance of wetlands and proximity to surface water.

A major consideration in the site selection process was the fact that groundwater from
Wells Nos. 5 and 6 contains objectionable concentrations of hydrogen sulfide. A
recently completed geologic map of the area including Mountain Village, Geologic Map
of the Ennis 30' x 60' Quadrangle, Madison and Gallatin Counties. Montana, and

m
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Park County. Wyoming. United States Geological Survey Geologic Investigations
Series 1-2690, indicates Wells Nos. 5 and 6 straddle the axis of an anticline (upward fold
of the geologic strata). Wells Nos. 5 and 6 on the flanks of the anticline penetrate a
sequence described on the driller's logs as green and gray sandstones and a lot of
black shale down to a depth of 212 and 200 feet, respectively. This sequence is most
likely the Thermopolis Formation and the wells might possibly penetrate the uppermost
part of the Kootenai Formation. The latter two formations are considered to be the
source of the hydrogen sulfide in the groundwater, a condition that has been
encountered in these formations in other parts of the Big Sky region.
Based on the foregoing considerations, the geologic terrain was reviewed for a location
where a well could penetrate a potential target aquifer that was less likely to produce
groundwater containing hydrogen sulfide. The site offered by the geologic terrain was a
syncline (downward fold of the geologic strata) located east of Wells Nos. 5 and 6. The
trough of the syncline is filled with the Muddy Sandstone to an estimated depth of at
least 400 feet as indicated by the log of Mountain Village Well No. 4 which is located in

the trough of the syncline.

The well log information for Well No. 4 is provided in

Appendix B.
<*»

m
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Well No. 4 also verifies the presence of an igneous sill of andesite porphyry intruded
into the Muddy Sandstone. The andesite porphyry is the source of groundwater to wells
at Lone Moose Meadow and other developments in the Big Sky region, where
sufficiently fractured, and is not known to yield groundwater containing hydrogen sulfide.
The historical performance of Well No. 4 indicated favorable fracturing of the igneous sill
at Mountain Village, presumably due to folding of the sill during formation of the
synclinal trough. Accordingly, Well No. 7 was located as close to the axis of the
syncline as possible in order to exploit any fractures in the igneous rock that might be
present as the result of the structural fold and to obtain the maximum thickness of

potential aquifer material before penetrating through the Muddy Sandstone/igneous sill
and into the Thermopolis Formation.
It was recognized that Well No. 7 would cause interference drawdown at Well No. 4 and
vice versa; however, preliminary assessment of the aquifer conditions, based on the
performance of Well No. 4, indicated the amount of interference drawdown would be
acceptable and would not prevent continued operation of both wells.

m

This report summarizes the results of yield and drawdown tests conducted at Well No. 7
as required for public water supply wells. The technical aspects of the pumping test
interpretation are described in detail to explain the basis for the design yield
recommended for the well and to provide a description of how drawdown is projected
into the future for Well No. 7 and Well No. 4.

2.

m

DESIGN YIELD

Based on the results of the yield and drawdown tests, it is recommended that Well No. 7
be equipped with a 300 gpm pump and that pumping duration be limited to a maximum
of 12 hours per day for a design yield not to exceed an average 150 gpm and a peak
pumping capacity not to exceed 300 gpm at the lowest system operating pressure.
Likewise, the yield and drawdown tests show that the existing pump in Well No. 4 can
continue to operate in conjunction with new Well No. 7 at its present capacity of 120 125 gpm, provided that its pumping duration be limited to an average of 12-hours per
day or less.
2.1. Fracture Flow Constraints

m
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The yield and drawdown tests indicate that the fractured igneous rock aquifer presents
boundaries to groundwater flow causing flow to Well No, 7 and Well No. 4 to be linear
as compared to radial flow generally obtained in a porous media such as sand and
gravel. Linear groundwater flow to Wells Nos. 4 and 7 is significant because linear flow
exerts constraints on long-term well yield that do not exist in radial flow systems. The
effects of linear flow conditions are initially small and progressively increase with
increased pumping duration. Consequently, water wells producing from fractured rock
aquifers subject to linear flow constraints often provide initially high yields during
pumping tests followed by smaller long-term sustainable well yields after the wells have
been in use for some time. The relatively high yields provided during yield and
drawdown testing may therefore be misleading with regards to long-term sustainable
well yield unless the future effects of the boundaries to groundwater flow are recognized
and taken Into consideration.

m

2.1.1. Fracture-Controlled Storage
fmi

(Ml

m
m

m
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Linear flow constraints belong to two general categories. Aquifer response in the first
category is characterized by a continuous and progressive decline in the groundwater
level in the fracture or fractures providing groundwater flow to the well. In this type of
response, the yield of the well is ultimately constrained to an amount that is in
approximate equilibrium with the hydraulic gradient established in the fracture system
when the pumping water level in the well declines to the depth of the pump inlet. When
the pumping water level reaches the pump inlet, the well yield (or aquifer yield)
becomes self-limiting, or at least the amount of decrease in well yield is relatively small
after the limiting condition is established. This condition may be reached in a few hours
or less in some systems and may take several months to a year or more in others,
depending on the amount of groundwater storage in the fractures relative to the
pumping rate. The time until the well yield becomes limited can be prolonged by
decreasing the pumping rate; however, the well will ultimately become self-limiting at
some time in the future, if it is pumped at rates equal to or exceeding the limiting rate.
The second important aspect of the latter type of fracture system is that recovery of the
drawdown caused by pumping requires two to three times or more duration than the
duration of the pumping period. Accordingly, a well pumped for 12 hours per day will
never fully recover to its original static water level in this type of system, a factor that

accelerates the loss of well yield until the ultimate limiting condition is established. The
fundamental cause of this first category of linear flow response is that all of the water
discharged from the pumped well is provided by release of water stored in the fractures
with no release of groundwater storage from the surrounding rock mass. As
groundwater is removed from storage in the fractures, the hydraulic gradient to the well
becomes progressively smaller, causing the well yield to decline commensurately.
Likewise, the relatively small hydraulic gradient at the end of each pumping period (as
compared to when pumping started), limits the flow of groundwater back into the area of
drawdown. Therefore the period for groundwater levels in the area of drawdown to
recover is considerably greater than the duration of the pumping that caused the
drawdown.

2.1.2. Pseudo-Radial Flow Response of Well No. 7
mi

m

The pumping test of Well No. 7 shows that it belongs to a second category of linear flow
response. This is a response in which linear flow undergoes a transition from
drawdown controlled by release of groundwater storage in the fractures, just as in the
first category, to drawdown controlled by release of groundwater storage from the
bedrock surrounding the fractures. When the rate of release of groundwater stored in
pores or microfractures in the bedrock becomes equal to the pumping rate, the fractures
are relegated to the role of a conveyance system to the pumped well and the release of
storage in the bedrock around the fractures controls the rate of drawdown. Because the
release of groundwater storage from the bedrock becomes the controlling influence, the
rate of drawdown in the rock around the fractures makes a transition from linear flow

m
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response to pseudo-radial flow with the fractures acting much like a large-diameter well
of irregular shape. Pseudo-radial flow offers the same characteristics as radial flow,
namely that the rate of drawdown gradually decreases with increased pumping duration.
Thus, this second category of linear flow response ultimately mimics radial flow, but with
more drawdown due to the initial linear flow response in the early part of the pumping
period. The time required for drawdown to recover in this type of system may be
essentially equal to the duration of the pumping period, if the linear flow response in the
early part of the pumping period is not too long. Otherwise, the recovery period may be
longer than the pumping period.

The response obtained during the pumping test of Well No. 7 was that of linear flow for
about the first 100 minutes of pumping, followed by a transition into pseudo-radial flow
for the remainder of the 26-hour pumping test. The pseudo-radial flow response means
that pumping water levels decline relatively slowly after the first 500 - 600 minutes of
pumping, thus supporting reliable short-term well yields as compared to the continued
decrease in well yield that would have occurred had linear flow conditions prevailed
throughout the duration of the pumping test. The pumping test not only shows that a
stable or constant rate can be provided by the well (subject to the hydraulic limitations of
the aquifer and well), but that the time required for drawdown to recover to static
conditions is essentially the same duration as the pumping period. This latter condition
is very important because it shows that pumping can be managed to maintain the
groundwater level around the well at the level necessary to sustain the short-term peak
pumping capacity of the well and prevent a long-term decline in well yield (assuming no

*

significant decline in groundwater levels due to climatic conditions affecting recharge to
the aquifer system). This same type of response is reflected in the operation of Well
No. 4 which was completed in December 1985.
2.2. Average Yield and Peaking Yield

m
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Taking into consideration the effects of the boundaries to groundwater flow indicated by
the yield and drawdown tests, the long-term design yield of Well No. 7 is 150 gpm.
However, the well is capable of providing short-term continuously sustained pumping
rates of as much as 300 gpm for up to several weeks at a time, so long as periods of
recovery are provided of equal duration to the pumping periods. The short-term
peaking yield of 300 gpm for up to several weeks at a time poses a dilemma in the
selection of a production pump for the well. Provision of a pump limited to 150 gpm
does not allow system operations to take advantage of the 300-gpm peak pumping
capacity that can be available during periods of high demand. However, provision of a
300-gpm pump provides the opportunity for mismanagement of the well operation by
pumping the well excessively. Excessively means pumping duration exceeding the
duration of recovery or non-pumping time.

m

Equipping Well No. 7 with a pump capable of providing 300 gpm at minimum system
head, and lesser yield at maximum system head, offers the most flexibility in using Well

«

No. 7. However, a 300 gpm pump In Well No. 7 also requires management of longterm pumping durations such that the total hours pumped in a two^month period
never exceed the total of non-pumping hours in the same two-month period. The

m

^

basis for this conclusion is provided in the detailed interpretation of the pumping test
results.
m

^

^

It is important to note that the test results indicate the 300 gpm pumping rate is near to
the hydraulic limitations of the aquifer at Well No. 7. It is therefore not desirable to
pump the well at momentary rates exceeding 300 gpm as damage to the pumping
equipment may occur under some conditions if the 300 gpm rate is exceeded.
Accordingly, the permanent pumping equipment must be selected to deliver 300 gpm at
the lowest distribution system pressure anticipated. If the pump is sized for average or
highest distribution system pressure, it will pump at rates exceeding 300 gpm when the
system pressure is low.

m
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The yield and drawdown tests show that Well No. 4 is subject to the same type of
aquifer response and limitations as Well No. 7. Moreover, the tests show that pumping
Well No. 4 causes a significant amount of drawdown interference at Well No. 7 and vice
versa. The recommended average pumping rate or design yield of 150 gpm with a
peak pumping capacity of 300 gpm at Well No. 7 assumes that Well No. 4 will be
subject to the same operational limitations as Well No. 7; specifically, pumping of Well

^

No. 4 at a peak pumping rate of 120 - 125 gpm (the capacity of the existing pump)
reguires that the total hours pumped in a two-month period never exceed the total
of non-pumping hours in the same two-month period.
If the latter conditions are

m

exceeded at Well No. 7 or Well No. 4, the result will be a decrease in peak pumping
capacity.

2.3. Uncertainties

The recommendation for operation of Well No. 7 at a peaking capacity of 300 gpm and
a design yield of 150 gpm might be affected by two inherent operational uncertainties in
addition to the normal errors inherent in discharge and drawdown measurements during
a pumping test. The operational uncertainties include 1) the assumption that seasonal
or long-term fluctuations In groundwater levels will not be great enough to affect well
yield and 2) the assumption that the pumping test response indicating that groundwater
is not being mined will prevail during the life of the well.
2.3.1. Groundwater Fluctuations

m

Records of groundwater level response to seasonal fluctuations and/or long-term
fluctuations in watershed moisture conditions are not available for the Big Sky area
wells. However, the fractured rock aquifer penetrated by Wells Nos. 4 and 7 is located
below a substantial thickness of saturated overburden including unconsolidated surficial
deposits and shallow bedrock strata.
In general, precipitation exceeds evapotranspiration in the area and annual melting of the snowpack provides excellent
opportunity for seasonal recharge of the overburden aquifers. Additional recharge to
the overburden aquifers is provided by the presence of the Middle Fork of the West Fork
of the Gallatin River and Lake Levinski. The yield and drawdown test of Well No. 7
indicates limited recharge to the fractured rock aquifer in the andesite porphyry sill by
interformational leakage. It is concluded that the interformational leakage is from the
overburden aquifers because use of Well No. 4 over the years has not resulted in the
introduction of groundwater containing hydrogen sulfide from the underlying aquifer
zones. It is therefore assumed that so long as the relatively thick sequence of saturated
materials in the overburden contains groundwater, recharge to the fractured rock aquifer
will remain reliable and groundwater level fluctuations in the fractured rock aquifer will
be related to fluctuations in the shallower groundwater.
It should be noted that the December 18, 1985,static water level for Well No. 4 was

43.96 feet below the top of casing (BTOC) whereas the static water level on November
2, 2001 was 49.91 feet BTOC, decreasing to 52.46 feet BTOC on December 11, 2001,
after intermittent operation of the well following the November 2, 2001 measurement. It
is not known if the difference of 5.95 feet in static water level between 1985 and 2001 is

the result of drawdown resulting from pumping operations over the years or the result of
a natural fluctuation in groundwater levels independent of operation of Well No. 4. It
m

appears likely that the difference in static water level between measurements taken

essentially 17 years apart is independent of pumping operations because groundwater
levels recover within a period of time equal to the pumping duration and because of the
indication of interformational leakage when the aquifer is stressed by pumping.
2.3.2. Response to Pumping

The yield and drawdown test of Well No. 7 exhibits full recovery of the groundwater
level at the well in a period of time slightly less than the duration of the constant rate
pumping. This indicates that: 1) the flow of groundwater through the fractured rock

aquifer is relatively large with respect to the pumping rate and 2) interformational
leakage through the upper confining layer occurred such that some of the water
pumped was replaced by leakance instead of flow through the fracture system. The
implications of these results are twofold. First, they indicate that the duration of
continuously sustained pumping must be restricted to prevent the pumping water level
in the well from declining below that required to support the pumping rate at the pump
inlet setting and NPSHR (net positive suction head requirement).
Drawdown
projections indicate this duration should be limited to no more than two to three weeks.
Second, they indicate that continuous pumping should be followed by an equal period of
non-pumping to allow the groundwater levels to recover. This does not mean two
weeks of pumping must be followed immediately by two weeks of recovery, but that the
average annual pumping and non-pumping times should be the same or recovery time
should exceed pumping time and it would be best if pumping and non-pumping times for
any moving two-month average were equal or recovery time exceeded pumping time.

(W|

The latter estimates are conservative; however, they are conservative for a reason. It is
desirable to maintain the pumping water level conservatively above the limit for the
pump inlet setting and NPSHR due to the uncertainty about long-term fluctuation of the
groundwater levels. The recommendations provided herein assume that the static

^

water level will not decline from the present year 2001 conditions: however, limiting the

„

„

duration of continuous pumping for peak demands to no more than two or three weeks
of essentially continuous pumping provides a margin of safety for unforeseen decline in
the present static water level. In comparison, limiting pumping to an average of 12
hours per day or less is not a conservative assumption, but is necessary management
tool to allow full recovery of the groundwater level at the well between periods of
pumping so that a long-term decline in the groundwater level will not be caused by use
of the well.

„

3. PUMPING TEST INTERPRETATIONS

The following parts of this report provide detailed presentation and discussion of the
pumping test interpretations which are the basis for the conclusions and
recommendations provided and the preceding sections of the report.
m

The initial test of the well was a stepped rate test started at 1115 hours on 12/10/01.

The test was started at a pumping rate of 100 gpm and progressively increased by 50
gpm increments for the subsequent steps until a final pumping rate of 350 gpm was

(-»

«

obtained. The duration of the first step was 30 minutes to allow drawdown to stabilize
after the initially excessive pumping rate provided until the throttling valve on the
discharge pipe was adjusted. Subsequent steps were of 20 minutes duration bringing
the total duration of the 100- to 350-gpm test to 130 minutes. The discharge rate was
measured by a 6-inch turbine-type flow meter in the discharge line and the pumping
water level in the well was measured with a pressure transducer and a Hermit 3000
data logger programmed to measure and record the pumping water level on a 1-minute
frequency throughout the test.

8

Well No. 7 was allowed to recover until 1100 hours on 12/11/01 when a constant rate

test was started at a pumping rate of 300 gpm. Measurements in Well No. 7 were
continued at a 1-minute frequency with the Hermit 3000 data logging equipment.
Simultaneous measures of the water level in nearby Mountain Village Well No. 4 were
conducted with an In-Situ, Inc. MiniTROLL programmed for a 1-minute sampling
frequency. Pumped water from the constant rate test (and from the stepped rate test)
was discharged to a local surface water stream at a location about 300 feet from the
pumped well.
m

The constant rate test duration was 34 hours. After 26 hours of constant rate pumping,
pumping was initiated in Well No. 4 at a rate of 120 gpm for the purpose of observing
the Interference drawdown from Well No. 4 at Well No. 7 and for the purpose of
observing the pumping water level in Well No. 4 while it was under the maximum
probable interference drawdown effect from Well No. 7. Well No. 4 was pumped at
120 gpm for 3.5 hours after which pumping at Well No. 4 was stopped while pumping at
Well No. 7 continued for another 4.5 hours, allowing the pumping water level in Well
No. 7 to recover to its original trend. Pumping of Well No. 7 was stopped after 34 hours
and residual drawdown was measured and recorded at 1-minute intervals during
recovery from pumping.
3.1. Stepped Rate Test Interpretation

Stepped rate testing of a water supply production well is conducted to provide baseline
documentation of the hydraulic performance of the well. The hydraulic performance can
be expressed in several ways; however, the common link between the various methods
is determination of well loss, Sw. Jacob (1950) approximated well loss as:
m

Sw = CQ^
m

where Sw = well loss
C = well loss constant

and
m

Q = pumping rate

Jacob (1950) further demonstrated that the total drawdown in a well, St, is the sum of

formation loss, s, and well loss Sw, where the formation loss is a function of the hydraulic
properties of the aquifer under laminar flow, as described by the appropriate
groundwater flow equation, and well loss is a function of turbulent flow near the well and

is proportional to some exponential power of the discharge exceeding the first power

and approaching the second.

Jacob (1950) used the second power, Q^, as an

approximation, summarizing total drawdown as:

St=s+s„ = BQ+CQ^

For simple radial flow to a well, defined by the Theis nonequilibrium equation (Theis,
1935), total drawdown is approximated by:

s, =s+s„ =BQ+CQ' =^W(n)+CQ'
47iT

where T = aquifer transmissivity
and

W(m) = well function (Theis non-equilibrium equation)

Based on the foregoing methodology, the baseline hydraulic performance of Well No. 7
is documented herein as the well loss, Sw, existing when the well is new. Future
increase in well loss will indicate some type of plugging of the formation or openings into
the well casing whereas future decrease in well loss will indicate additional development
and cleaning of the fractures providing water to the well, resulting in improved hydraulic
performance.
3.1.1. Well Loss

„
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It has long been recognized that residual drawdown after pumping stops is subject to
the same hydraulic properties of the aquifer as drawdown during pumping. Therefore,
the time-drawdown curve for residual drawdown (residual drawdown versus t/t') must
exhibit the same slope as the drawdown curve during pumping because the aquifer
transmissivity controls the slope of both curves. However, the pumping drawdown
curve is displaced away from the residual drawdown curve along the drawdown axis (yaxis) of the time-drawdown plot by the additional drawdown provided by well loss.
Accordingly, the vertical separation between the pumping time-drawdown curve and the
residual time-drawdown curve is well loss drawdown. Figure 2 shows 114.654 feet of
well loss drawdown separation between the drawdown and recovery curves for Well
No. 7 at 300 gpm.
The significance of Figure 2 is that it provides a means to verify the well loss constant,
C, obtained from any of several methods of calculating well loss from a stepped rate

test. Any determination of well loss, Sw = CQ'', should predict 114.654 feet of well loss
m

when Q = 300 gpm.

10
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Figure 2: Mountain Village Well No. 7 response at 300 gpm
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Figure 3 shows the time-drawdown response for each step of the stepped rate test of
Well No. 7. The vertical separation between each time-drawdown curve on Figure 3
represents the change in total drawdown, St, for each increase in the pumping rate.
Figure 4 shows a conventional Hantush-Bierschenk plot (Hantush, 1964;
Bierschenk, 1963) derived from Figure 3. The slope of the Hantush-Bierschenk curve of
specific drawdown versus discharge rate is equal to the well loss constant C.

Accordingly, Figure 4 indicates that C = 0.001086 and that well loss is Sw = 0.0010860^.
Hence, the well loss at 300 gpm is predicted to be equal to 0.001086 x (300)^ or 97.74
feet according to the Hantush-Bierschenk method. The predicted well loss is about 16.9
feet less than the observed well loss on Figure 2, indicating that some type of non-linear

^

change in head due to non-linear well loss or aquifer boundary conditions affected the
stepped rate test response and is not taken into account by the conventional methods of
Jacob (1950) as modified by Hantush (1964) and Bierschenk (1963).
3.1.2. Boundary Conditions

^

^

P

Figure 5 shows a Birsoy-Summers (Birsoy and Summers, 1980) plot of the stepped test
data. Because the Birsoy-Summers method plots specific drawdown versus time, it can
be interpreted for boundary conditions and other factors affecting aquifer response that
are not evident in the plots of specific drawdown versus pumping rate used as the basis
for the Jacob, Hantush-Bierschenk, and other methods of analyzing stepped rate tests.
The plots of specific drawdown versus adjusted time on Figure 5 reveal two factors in

the aquifer response not evident in the previous analysis. One factor is the presence of
negative boundary conditions as indicated by the progressive stringing out of each
successive step in the test as a continuum of the previous step. The second factor is a
positive boundary response superimposed over the negative boundary response as
indicated by the flattening of each specific drawdown versus time curve after four to
seven minutes of pumping duration at each step. Thus, the response shown on Figure
5 indicates a complex aquifer response with both negative and positive boundary
conditions.

3.1.3. Weil Loss Coefficient

Figure 6 shows the conventional log-log plot of change in specific drawdown divided by
change in pumping rate versus pumping rate used for the Birsoy-Summers analysis.
This plot is analogous to the Hantush-Bierschenk plot on Figure 4 with the slope of the
log-log line equal to the well loss constant, 0.
F«

The shift in the curve plotted on Figure 6, after the 200 gpm step, is due to a complex
response during the stepped rate test. The decrease in absolute specific drawdown per
increase in pumping rate at the 250-300 and 300-350 gpm rate changes indicates an
improvement in well performance; however, the slope of the curve is the same before
and after the shift. The well loss constant, 0, is equal to the slope of the curve;
therefore well loss is the same before and after the shift in the curve, indicating the
decrease in unit drawdown was not due to a change in hydraulic efficiency. The reason
for the offset in the curve on Figure 6 therefore appears to be that the positive
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Figure 6: Mountain Village Well No. 7 Birsoy-Summers baseline solution.

0.0009

boundary conditions affected the 250-, 300- and 350-gpm steps of the test throughout
their entirety, not just in the latter part of each step.
Figure 6 shows that the regression equation through the data takes the same form as
equation 9b in Birsoy and Summers (1980) and shows reduction of the equation to the

form of the well loss equation, Sw = Q^. However, the well loss equation is expressed
for the incremental change in the pumping rate, aQo, between steps, not the actual
pumping rate, Q. For example, the Birsoy-Summers solution predicts that a 50-gpm
increase in discharge rate will result in an increase in well loss drawdown of 19.044 feet,
as follows:

^

^

As^ =0.0076176 X(50)2 =19.044feet
Accordingly, the well loss associated with a 300 gpm pumping rate would be six
increments of 50 gpm each, or six times the well loss of 19.044 feet. Multiplying
19.044 feet by 6 provides a well loss at 300 gpm of 114.264 feet. This is in good
agreement with the well loss of 114.654 feet estimated on Figure 4. Therefore the
stepped rate test provides the following baseline results for Well No. 7, taking into
account the affects of both negative and positive boundary conditions during the
stepped rate test:

Well Loss Constant:

C = 0.0076176

Incremental Well Loss:

aSw = 0.0076176aQ^

(Equation 1)

and Well Loss;

Sw = (Q/aQ) 0.0076176aQ^

(Equation 2)

m

3.2. Constant Rate Test Interpretation

m

m

Interpretation of the constant rate test of Well No. 7 involves several steps. The first
step is to determine the type of aquifer response obtained and select an analytical
method appropriate to the observed response. This step is initially accomplished for the
test of Well No. 7 by examining the data from the observation well. Well No. 4. The
second step is deriving time-drawdown equations which can be used to predict the
amount of drawdown that will occur at Well No. 7 and Well No. 4 when one or both wells

«-»

are pumped, including the interference drawdown between the two wells. The last step
is application of the derived time-drawdown equations to predict pumping water level
depths in the two wells when they are pumped Individually and when they are pumped
simultaneously.

m

3.2.1. Linear Flow Response at Well No. 4
(*i

Figure 7 shows a semilogarithmic plot of drawdown versus time at Well No. 4 while Well
No. 7 was pumped at 300 gpm. Figure 7 also shows the residual drawdown plotted

17
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Figure 7: Well No. 4 response to Well No. 7 at 300 gpm.

versus t/t' where t is time since pumping started and t' is time since pumping stopped.
The data from the observation well (Well No. 4) are examined first because they are not
subject to well loss that affects the time-drawdown curve for the pumped well (Well
No. 7).

The semi-logarithmic plot on Figure 7 is a specialized plot referred to as a CooperJacob straight-line solution (Cooper and Jacob, 1946). The Cooper-Jacob solution is
applicable to steady-state unbounded radial flow to a pumped well which provides a
straight-line time-drawdown plot of arithmetic drawdown versus the logarithmic values of
time.

m

As shown on Figure 7, the drawdown and residual time-drawdown curves are not even
approximately straight. Instead, the plot on Figure 7 indicates the presence of
boundaries to groundwater flow within that part of the aquifer influenced by the pumping
test. This is not a surprising result in a fractured rock system and the "cats eye" or
"almond shaped" relationship between the drawdown and recovery curves is typical of
linear flow to the well between essentially parallel no-flow boundaries such as occurs in
both fracture flow and strip aquifer flow. Clearly, the plot does not indicate radial flow to
the well and the Cooper-Jacob solution is inapplicable.

A double logarithmic plot (logarithmic drawdown versus logarithmic time), also referred
to as a log-log plot, is the diagnostic plot for assessing the type of aquifer response
obtained from a pumping test. The log-log plot, in conjunction with a knowledge of the
geology and probable boundary conditions of the aquifer, is used to select the proper
analytical model or analytical solution to apply to interpretation of the aquifer response.
Accordingly, the first step in any aquifer test analysis should be examination of a log-log
plot of the data. Figure 8 shows that soon after pumping started, the time-drawdown
curve exhibits a half-unit slope. This is the diagnostic response of linear flow to a well
wherein the rate of drawdown is controlled by the storativity of the fracture with no
release of groundwater storage from the surrounding rock mass.
m

3.2.2. Drawdown at Well No. 4
m

Figure 9 is a specialized plot of arithmetic drawdown versus the square root of pumping
time. This type of plot produces a straight line through the origin for linear flow.
Figure 9 provides a regression analysis of the linear flow response which provides the
following relationship between elapsed pumping time and drawdown:

s = 0.9985 (t) ®+ 0.8342
where s = drawdown

t = time since pumping started

19

(Equation 3)
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Equation 3 predicts the amount of drawdown at Well No. 4 caused by pumping Well
No. 7 at 300 gpm. The rate of drawdown caused at Well No. 4 by pumping Well No. 7

at 300 gpm is defined by s = 0.9985 (t)*®. Equation 3 and its modified form for rate of
drawdown are not applicable at pumping rates different than 300 gpm. Pumping rates
different than 300 gpm will change the slope of the plot shown on Figure 9.

m

Figure 10 shows the depth to water versus the square root of time for Well No. 4
pumped at 120 gpm with Well No. 7 not being pumped. The straight line exhibited by
this plot indicates linear flow to Well No. 4 when it is pumped. Offset of the straight line
from the origin is the result of casing storage effects during the first 15 to 16 minutes of
pumping. Regression analysis of the linear flow response provides the following
relationship between elapsed pumping time and the depth to water or pumping water
level (PWL) for Well No. 4 pumped at 120 gpm:

PWL = 0.37839 (t) ®+ 97.0009
s = 0.37839 (t)'®
m

m

{Equation 4)
{Equation 5)

Equation 4 predicts the pumping water level in Well No. 4 when it is pumped at 120 gpm
during periods of time that Well No. 7 is not in use. Likewise, the rate of drawdown at

120 gpm is s = 0.37839 (t)'® and Equation 5 can be used to predict the amount of
drawdown in Well No. 4 for any duration of pumping at 120 gpm.
The sum of drawdown predicted by Equations 3 and 5 above provides the drawdown
that will occur in Well No. 4 when:

1. Well No. 7 is off and Well No. 4 is pumped at 120 gpm,
2. Well No. 7 is pumped at 300 gpm and Well No. 4 is off, and
3. Well No. 7 is pumped at 300 gpm and Well No. 4 is pumped at 120 gpm.

The total drawdown provided by the sum of Equations 3 and 5 can be calculated taking
into consideration different starting times for Wells Nos. 4 and 7.
3.2.3. Drawdown at Well No. 7

Figure 11 provides the diagnostic log-log time-drawdown plot for Well No. 7 at 300 gpm.
The first 10 minutes of pumping exhibits a unit slope time-drawdown curve. A unit slope
response is indicative of wellbore storage effects. After about 10 minutes of pumping
time, the aquifer response exhibits a quarter-unit slope of Figure 11. A quarter-unit
slope is indicative of linear flow to the pumped well where the fracture(s) is(are) acting
as a conveyance system for water released from storage in the rock adjacent to the
fractures. The release of groundwater storage from the rock mass, not from the
fractures, controls the rate of drawdown in this type of system.
Release of groundwater from storage in the rock mass, probably from microfissures,
demands that an irregular "cone of depression" will develop in the rock matrix around
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200

the fracture system flowing to the pumped well. As the cone of depression expands, the
rate of drawdown in the cone of depression will stabilize to a steady-state rate of
drawdown. As in the case of radial flow, this aquifer response exhibits a straight-line
semi-logarithmic time-drawdown curve. Since the flow to the fractures is not truly radial,
as to a pumped well, it is referred to as "pseudo-radial steady state flow". Figure 11
Indicates that by 200 minutes elapsed pumping time, the transition from quarter-unit
slope to pseudo-radial flow is complete. Pseudo-radial flow continues to 550 minutes
pumping time when a small adjustment to increase the discharge rate causes an abrupt
increase in drawdown. A second small adjustment to decrease the discharge rate at
600 minutes is followed by a period of stabilized drawdown while the time-drawdown
response catches up to the changes in discharge rate. The late part of the timedrawdown curve reflects the effects of pumping Well No. 4 starting at 1560 minutes.

Figure 12 shows the semi-logarithmic straight-line solution applied to the pseudo-radial
flow response from 200 to 550 minutes. Projection of the drawdown past 550 minutes
by regression analysis shows that prior to pumping Well No. 4 and after the discharge
rate adjustments at 550 and 600 minutes, the time-drawdown response of Well No. 7
regains the trend predicted by the regression analysis. The total drawdown at 300 gpm
and the rate of drawdown at 300 gpm predicted by the regression analysis are as
rs

m

m

„
(m,

m

m

follows:

Total drawdown:
St = 3.80689 ln(t) + 146.351
Rate of drawdown: s = 3.80689 ln(t)

{Equation 6)
(Equation 7)

Equations 6 and 7 are applicable to prediction of drawdown only after 200 minutes of
elapsed pumping time. The total drawdown predicted for Well No. 7 by Equation 6 is
applicable only to a pumping rate of 300 gpm. Drawdown at pumping rates different
than 300 gpm can be predicted by subtracting from the results of Equation 6 an
appropriate amount of well loss drawdown for pumping rates less than 300 gpm as
determined by Equation 2, using the difference between 300 gpm and the new pumping
rate as the value of aQo. Prediction of drawdown for pumping rates greater than
300 gpm should not be attempted on the basis of this report.
3.2.4. Well No. 4 Interference Drawdown at Well No. 7

Figure 13 shows the response of Well No. 7 to pumping Well No. 4 at 120 gpm, after
Well No. 7 was pumped at 300 gpm for 26 hours. Regression analysis of the data
shown on Figure 13 provides Equation 8 which predicts the pumping water level in Well
No. 7 assuming the test conditions are duplicated. Equation 9 simply predicts the rate
of drawdown at Well No. 7 when Well No. 8 is pumped at 120 gpm and is a more useful
equation because it can be used to predict interference drawdown at Well No.7 starting
at any time.
Pumping water level:
Rate of drawdown:

PWL = 0.020338 t + 212.836
s = 0.0203381

25

[Equations)
(Equation 9)

SI

ro
o>

t

I

I

I

I

I

I

I

I

I

I

I

i

1

O 170

200

100

1000

.

I

,

I

. ,

I

t = pumping time (mm)

I

r

10000

100000

Regression of 200 - 500 minutes

Drawdown vs t

Figure 12: Projection of Mountain Village Well No. 7 drawdown at 300 gpm

I

h:\water re8ources\3017\031\Mv7mv7pj.grf

^

I

LI

Figure 13: Response of Well No. 7 to pumping Well No. 4 at 120 gpm during 300 gpm test
210

Well No. 7 pumped 26 hours at
300 gpm before Well No. 4 started

Stop pump in Well No. 4
after 210 minutes

^

214

ro

•>1

•120

-100

-80

-60

-40

-20

0

20

40

60

80

100

120

Pumping Time = Zero Minutes
when Pump In Well No. 4 Started
ti:\waler re8Ources\3017\031\MV7MV4in.grf

140

160

180

200

220

240

Equations 8 and 9 include the late-data time-drawdown response of Well No.7 pumped
at 300 gpm as well as the interference effect of Well No. 4. Since the slope of the timedrawdown response of Well No. 7 is a function of the aquifer constants, and therefore
the same at any given pumping rate, Equation 9 provides a correct prediction of
interference drawdown during any pumping rate at Well No. 7 for a 120-gpm rate at
Well No. 4.

^

m

3.2.5. Projection of Well No. 7 Pumping Water Levels
Figure 14 shows the depth to water (pumping water level) in Well No. 7 projected to
100,000 minutes (69.44 days) for pumping rates of 150, 200, 250, and 300 gpm. The
projections are based on application of Equations 2, 7 and 9. The equations used
overestimate drawdown due to pumping Well No. 7 for pumping durations of less than
200 minutes, accordingly, the depths to water on Figure 14 prior to 200 minutes of
pumping are conservatively large.

(W|

Figure 14 also shows the depth to water or pumping water level in Well No. 7 with both
Well No. 7 and Well No. 4 in operation simultaneously. Well No. 4 is pumped at

P

120 gpm and the projections are to a maximum duration of 1440 minutes (24 hours).

^

These projections are probably conservatively large for the reason that they are based
on the effects of 210 minutes of pumping of Well No. 4. The aquifer response suggests
that some time after 210 minutes, the rate of interference drawdown from Well No. 4
should change from a half-unit slope response to a quarter-unit slope or pseudo-radial
flow response. Accordingly, projection of the rate of interference drawdown observed

^

for the first 210 minutes probably results in an overestimation of interference drawdown
from Well No. 4 after 210 minutes.

r

Figure 14 assumes that pumping of Well No. 7 and Well No 4 start simultaneously. If
pumping starts at Well No. 4 after Well No. 7 has been pumping for some time,
projection of depth to water versus pumping time shown on Figure 14 may
transposed along the trace of the pumping water level (PWL) curve appropriate to
pumping rate of Well No. 7 until the beginning of the transposed curve is located at

^

the
be
the
the

elapsed pumping time for Well No. 7 equal to 100 minutes pumping time ofWell No. 4.
This will provide a projection of the interference effect of Well No. 4 when its pumping
starts after Well No.7 has been in operation for some time.

^

Figure 14 is the basis for the conclusion that Well No. 7 can be pumped continuously for
two to three weeks at 300 gpm, to meet peak pumping demands during the high

^

season, provided that sufficient time is allowed for recovery after the peak pumping
period and provided that pumping in Well No. 4 is limited to less than 12 hours per day.

m

28

Figure 14: Projection of Mountain Village Well No. 7 pumping water level.
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3.2.6. Well No. 4 Pumping Water Levels

m
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Figure 15 shows a hydrograph of the operational water level in Well No. 4 for the period
from 11/2/01 through 12/12/01 (prior to pumping Well No. 7) as well as the depths to the
five well screens. The total depth of Well No. 4 is 400 feet. Appendix B provides
detailed construction data for Well No. 4. During the early part of the record provided
on Figure 15, water levels between pumping periods recover to as high as 47.75 feet
BTOC and pumping water levels do not drop below 97 to 100 feet BTOC. In the later
part of the record, the static water levels decline to more than 50 feet BTOC and the
pumping water levels decline to an unknown depth below the pressure transducer at
111.73 feet BTOC. The data presented on Figure 10 show the response of the well to
the normal operational pumping beginning on 12/5/01 on Figure 15.
Figure 16 is a detail of a portion of the same hydrograph shown on Figure 15. Figure 16
shows that the duration of the storage-reservoir-based demand pumping of Well No. 4
ranges from 15 to 20 minutes per start with one to two starts per hour, depending on the
time of day. The hydrograph data on Figures 15 and 16 indicate Well No. 4 was in
operation an average of 27 percent of the time during the period from 11/2/01 through
12/4/01. Figure 16 shows the static water level declining during the periods of greatest
pumping and recovering at the end of the period when very little pumping occurred.
From 12/5/01 through the end of the record on 12/11/01, the Well No. 4 was In
operation 55.7 percent of the time, resulting in a decline in the static water level from
47.75 to 52.45 feet. The average for the total period 11/2/01 through 12/11/01 was
operation of the well 32 percent of the time. These observations are consistent with the
pumping test data that indicate pumping Well No. 4 or Well No. 7 more than 50 percent
of the time on a long-term basis will cause a decline in the groundwater level at the well.
3.2.7. Response of Well No. 4 to Pumping at Well No. 7

^

9m

Figure 17 shows the increase in the depth to water (pumping water level) in Well No. 4
when it is pumped at 120 gpm after having been affected by interference drawdown
from pumping Well No. 7 for 26 hours. The data shown is only a partial record of the
response of the pumping water level when pumping was started in Well No. 4 because
the water level dropped below the pressure transducer and it was necessary to lower
the transducer 50 feet to resume recording the pumping water level. This was because
the overall drawdown from static conditions exceeded the 30 psi capability of the
pressure transducer. Accordingly, the pumping water level data on Figure 17 includes
the 1-minute value and then the values from 34 to 200 minutes, after the pressure
transducer was lowered a measured 50 feet more into the well.

With the influence of Interference drawdown from Well No. 7 pumped 26 hours at

„

300 gpm, initiation of pumping Well No. 4 at 120 gpm caused the pumping water level to
drop into the top of the first well screen at 140.7 feet BTOC in less than 34 minutes of
pumping. Projection of the regression analysis of the pumping water level data in the
well screen depth interval suggests a maximum time of 17.7 minutes for the pumping
water level to decline to the top of the screen; however, the recovery response at the
end of pumping Well No. 4 suggests the pumping water reached the top of the well
screen in 3 minutes or less when pumping started.
30
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Figure 15; Hydrograph of Mountain Village Well No. 4 operation.
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Figure 17: Well No. 4 pumped at 120 gpm during 300 gpm test of Well No. 7
26 hours drawdown interference

from Well No. 7 at 300 gpm
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At 124 minutes of pumping time, the pumping water level declined below the bottom of
the well screen at 145.7 feet BTOC and the rate of drawdown subsequently

accelerated. It is tempting to conclude the acceleration in drawdown rate below the
screen is due to the effects of turbulent flow through the dewatered well screen.
However, frequent observation of Well No. 4 throughout the pumping period failed to
detect the sound of water cascading into the well through the dewatered well screen.
This suggests that water from the water-bearing zone behind the well screen was

flowing down the annulus outside the casing and entering the well at the next well
screen starting at a depth of 209 feet, rather than cascading into the well. Flow down
the outside of the casing would explain the abrupt increase in the drawdown rate after
the pumping water level dropped below the well screen because friction loss in the
annulus would increase well loss whereas head loss due to turbulent flow though the
m

progressively dewatered well screen might have acted somewhat differently than the
response shown on Figure 17. The fact that cascading water could not be heard in the
well indicates that either production from the well screen was not significant or the flow
from the water-bearing zone flowed down the outside of the casing when the pumping
water level declined below the screen.

Figure 11 shows two regression analyses of the rate of drawdown, one for when the
pumping water level is between the top and bottom of the well screen at 140.7 to 145.7
feet, and another for when the pumping water level is below the bottom of the well
screen at 145.7 feet. The two equations showing the rate of drawdown versus pumping
time resulting from pumping of Well No. 4, after or when Well No. 7 is in operation, are
as follows:

Drawdown rate in screen:
s = 0.04653551
Drawdown rate below screen: s = 0.13667421
m

im

{Equation 10)
(Equation 11)

3.2.8. Projection of Pumping Water Levels in Well No. 4

The drawdown rate above the screen in Well No. 4 is provided by Equation 5 and the
drawdown in Well No. 4 due to interference from Well No. 7 is provided by Equation 3,
both previously presented. Equations 3, 5, 10 and 11 provide the basis to predict
drawdown in Well No. 4 when it is pumped alone at 120 gpm and when it is pumped at
120 gpm and Well No. 7 is pumped at various rates.
The only information missing is the effect of Well No. 7 on Well No. 4 at pumping rates
different than 300 gpm. For the purpose of this report, it is assumed that the
interference drawdown at Well No. 7 caused by pumping Well No. 4 at 120 gpm is the
same as the interference drawdown that would be caused at Well No. 4 if Well No. 7

were pumped at 120 gpm. This assumption provides a second pumping rate for which
the interference in Well No. 4 is assumed to be known. The difference in interference at
m

Well No. 4 Is then pro-rated proportionately from 120 gpm to 300 gpm on the basis that
drawdown is directly proportional to pumping rate.
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^
^

The proportioned Interference effects of Well No. 7 are then used with Equations 3, 5,
10 and 11 to compile projected depths to water (pumping water levels) in Well No. 4
with Well No. 7 operating at 150, 200, 250 and 300 gpm, as shown on Figure 18. The
projected pumping water levels shown on Figure 18 for Well No. 4 assume that
pumping started simultaneously in both wells. Where the projections show the pumping
water level reaching the top of the second screen in the well or exceeding 24 hours of
continuous pumping, the projection is stopped.

Total drawdown greater than that projected on Figure 18 might occur in Well No. 4 if it Is
started after Well No. 7 has been pumping for a substantial period of time. For
example, if Well No. 7 is pumped for 9 hours before Well No. 4 is started and remains

^

P

^

pumping while Well No. 4 is pumped for three hours, the total drawdown that will result
will be greater than that shown at 12 hours on Figure 18. This is not regarded as a
problem because Equation 11 (Figure 17) projects that if Well No. 7 is operated 26
hours prior to starting Well No. 4, Well No. 4 can be operated for an additional 9.8 hours
before the pumping water level will reach the top of the second well screen at 209 feet.
Accordingly, any departure from Figure 18 caused by starting Well No. 4 up to 12 hours

after Well No. 7 starts will provide less drawdown and a higher pumping water level than
that observed during the constant rate test and projected from Figure 17. Projections to
the second screen are not shown on Figure 17, but are predicted by Equation 11.
3.2.9. Pump Inlet Depth in Well No. 4

!*»

«

^
m

^

m

The depth to the pump inlet in Well No. 4 is not known. The pumping water level
reached a maximum depth of 155.813 feet BTOC in Well No. 4 with both pumps
operating as shown on Figure 17. A small amount of air in the discharge from Well
No. 4 was suggested by intermittent "pinging" or "ticking" sounds in the discharge pipe
almost immediately after Well No. 4 was started although the noise did not seem
excessive. The onset of such sounds might have corresponded to the pumping water
level declining below the top (or below the bottom) of the well screen, but the start of the
sound was not recorded precisely enough to make this determination.
The sounds that possibly indicated small amounts of gas in the discharge water did not
increase noticeably in frequency or intensity as the pumping water level in Well No. 4
continued to decline. This fact is inconsistent with cascading water and air entrainment
associated with declining pumping water levels and is probably inconsistent with a
pumping water level approaching and dropping slightly below the minimum NPSHR (Net
Positive Suction Head Requirement) for the pump. Based on the subjective evidence, it
cannot be concluded that water cascaded into the well when the uppermost well screen
was dewatered, but it likewise cannot be concluded that the uppermost water-bearing
zone was particularly productive. However, the abrupt increase in drawdown rate after
the well screen was fully dewatered and the absence of a cascading water sound
strongly suggest there was a significant flow from the uppermost water-bearing zone
and that it began flowing down the annulus outside the well casing after the well screen
was dewatered. Likewise, it is likely from the well performance and the nature of the
drawdown during pumping that the intermittent "ticking" sounds in the discharge pipe
were not indicative of the pump sucking air.
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The foregoing information does not indicate the depth of the present pump inlet except
that it is sufficiently deep to sustain pumping at 120 gpm with the pumping water level at
155.8 feet, with a small amount of air possibly entering the pump. The air entering the
pump might mean the pumping water level approached or slightly exceeded the
minimum NPSHR, although once the NPSHR was exceeded, the frequency and
intensity of air pinging in the discharge pipe should have increased noticeably. The test
observations suggest the pump inlet in Well No. 4 may not be much deeper than the
pumping water level of 155.8 feet achieved during the test. For example, 8 joints of
pump column, each 21 feet long, plus a 6 foot depth to the pitless adaptor outlet and 2.5
feet of casing stickup would provide a depth to the pump inlet of 176.5 feet, assuming
no partial pieces of pump column were used. A pump inlet setting of 176.5 feet or less
might be consistent with the noises thought to possibly be air in the discharge pipe.

In the final analysis, if air is entering the pump in Well No. 4 during operation of Well
No. 7, the solution is to install the pump in Well No. 4 at a greater depth in the well. The
pumping water level is independent of the pump inlet depth and will remain the same,
thus the total lift on the pump and the discharge rate will remain essentially the same
with a deeper pump inlet setting (minus a small increase in head loss in the pump
column). However, a deeper pump setting will ensure that NPSHR is satisfied and will
provide a longer column of water for entrained air, if any, to separate from the water
before reaching the pump inlet depth.
4. WATER QUALITY

m

Groundwater quality data for samples collected from Well No. 7 at the end of the 34hour constant rate test period are provided in Appendix C of this report. The water
quality testing included major cations and anions. Phase II and IV metals, nitrate plus
nitrite, fluoride, Gross Alpha, sulfide, and total coliform. The concentrations of all
constituents analyzed were either below the limits of detection of the analyses or were
at concentrations well below the limits established for public water supplies under the
National Primary Drinking Water Regulations. Total dissolved solids concentration was
97 mg/l, making the water from Well No. 7 very low in mineral content and excellent
quality water for use as a public water supply. Total coliform analysis resulted in a
value of Total Coliform of absent/1 OOmLs and E. Coli absent, both satisfactory results
for drinking water.
The sulfide sample was collected on 12/17/01, the fifth day after the end of the 34-hour
constant rate test. The test pump was operated at 300 gpm for about one half hour
before the sulfide sample was collected. The sample was collected in a bottle
submerged in a bucket into which discharge water was directed by a hose with the hose
outlet submerged in the bucket to prevent aeration or oxidation of the sample. Sulfide
odor was not detectable in the discharge water during the 34-hour test and was not
detected in the sample collected 12/17/01.
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5. SUMMARY

The 24-hour constant rate yield and drawdown test conducted at 300 gpm supports the
following conclusions:
m

1. Well No. 7 can support a long-term design yield of 150 gpm, where design yield
is defined as the average annual pumping rate;
2. Well No. 7 can support a short-term peak pumping capacity of 300 gpm for two
to three weeks of essentially continuous pumping, provided that subsequent
pumping operations include sufficient non-pumpinq time that the nonpumping periods equal or exceed the pumping time during a maximum
period of two months:

3. The maximum pump inlet depth setting in Well No. 7 should be no more than
260 to 265 feet below top of casing so that the pump motor remains above the
windows in the casing to ensure enough flow past the motor to provide cooling;

4. The capacity of the permanent production pump should not exceed 300 gpm at
minimum distribution system pressure and 10-minute drawdown and should be
less than 300 gpm at maximum distribution system pressure and maximum lift;

5. The yield and drawdown tests show that Well No. 4 and Well No. 7 may be
operated simultaneously for continuous durations up to 12 hours at a time,
provided that average pumping time does not exceed average recovery time;
6. It is recommended the depth to the pump inlet in Well No. 4 be increased to
prevent air in the discharge water when Well No. 4 and Well No. 7 are operated
simultaneously; and
7. The best way to schedule operation of Wells Nos. 4 and 7 is to either start and
stop both wells at the same time or, as an alternative, schedule one well to
operate at a time, allowing one well to recover while the other Is pumped.

Starting pumping at one well after the other well has been in operation for a
significant period of time and continuing pumping both wells is not desirable and
may cause more drawdown than the two recommended pumping schedule
alternatives.
m

m
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APPENDIX A

Geologic Log
and

Completion Data
Mountain Village Well No. 7

Mountain Village Well #7 Geology
fm

Starting
Deptb
(ft bgs)

Ending
Depth
(ft bgs)

Unit Name

Description

0

60

None

No samples cjollected.

60

65

65

75

Shale
Sandstone

75

102

102

107

Shale
Shale

Light gray, heavily fractured.
Light gray/brown, fine to medium, light gray to brown.
Moderately soft, interbedded light gray shale, water
bearing 65-70, 5-10 gpm.
Dark gray, weathered, soft, abundant clay.
Moderately hard, slightly fractured, estimated 5-10 gpm

107

112

Shale

Soft, dark gray.

112

175.5

Shale

Dark gray to greenish gray, moderatelyhard but still
moderately fissile, silty in places. Thin sandstone interbed

175.5

183

Sandstone

Grayish blue, fme grained, angular, uniform grain size.

183

205

Siltstone

Geologic Unit

Muddy Sandstone

increase.

at 134 feet.

Light blue siltstone with thin, intermittent sandstone
component.

205

231

Shale

231

233

Andesite

Light blue to purple, silicified, very hard. Drilling slower.
Fracture noted at 208 feet. Changes to green with iron
staining at 225 feet.
Black minerals (hornblende?) due to contact

Igneous Sill

metamorphism, very fine grained with iron staining noted
on surfaces at 231 feet. Transitions quickly to a fme
grained, homogranular black and white andesite then back
to very fine grained black minerals (contact
metamorphism) at 233 feet.
233

241

Shale

Black, drilling is slow and drill stem is torquing up

Muddy Sandstone

possibly due to fractures.

Andesite

Andesite homogranular, with salt and pepper texture and
color, mafics are very angular, quartz and plagioclase
minerals are more rounded. Drill rig still torquing up.

Igneous Sill

247

Shale

Gray, thin, fissile, gray.

Muddy Sandstone

249

Andesite

As andesite above, drilling still slow, problems suspected

Igneous Sill

241

246

246

247

due to fractures.

Gray and black, drilling is better, suspected end of fracture Muddy Sandstone

249

250

Shale

250

251

Siltstone

Massive texture.

251

282

Andesite

As andesite above, fine grained crystals. Claystone noted Igneous Sill
at 253, and return water is muddy brown. Larger crystals
at 257 feet, drilling is better and hole estimated making
additional 100 gpm plus. Added more water at 265 feet
and coarser crystals noted. Finer grained crystals noted at

zone.

Muddy Sandstone

271 feet. Fractures noted from 272 to 277 feet. Iron

staining noted on some andesite surfaces. Andesite very
fme grained at 279 feet.
Muddy Sandstone

282

294

Siltstone

Gray-green, non-fissile, massive, uniform texture,
fractured. Clay noted in returns at 291 feet
(unconsolidated). Additional water added over last 20
feet, clay noted on rock chips and hornblende (contact
metamorphism) encountered at 293 feet.

294

296

Andesite

As andesite above, dark brown claystone noted at 294 feet. Igneous Sill

296

300

Quartzite Sandstone

Light brown, minor hornblende flecks noted <5% of

Muddy Sandstone

composition.
300

312

Shale

Black hornblende (contact metamorphism) and black shale Thermopolis Shale
with semi-transparent green minerals, white veins also
noted intermittently (quartz?). Some salt and pepper
andesite chips noted at 308 to 311 feet, some chips have
slickensides. Detected hydrogen sulfide gas at 312 feet
when changing rods.
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MOUNTAIN VILLAGE WELL NO. 7

Air lift yield versus drilled depth.

PRODUCTION ZONE
253 - 280 feet

CEMENT PLUG

TD = 312FT

Air Lift Yield (gpm)

Mountain Village Well #7 Completion Data
Starting
Depth
(ft bgs)
Casino

Ending
Depth
(ft bgs)
16 Inch ID.
12 Inch ID.
! 80 8 Inch 0.25 wall

280 8 Inch 0.375 wall

Open Area

3" X30"x 4 = 2.5 open area. Windows separated by 6 inches vertical
and staggered 6 inches vertical with ~4 inches between window flights.
First flight started 6 inches off bottom. Steel plate welded to bottom of

Packers

casing.
Rubber packers set on 8 inch casing. Lower packer cut to fit in 12" ID,
upper packer sat around welded collar to prevent movement during

Centralizer

Centralizer blocks

insertion.

Centralizer blocks

Centralizer blocks

Annulus Backfill

6.5 94# bags of cement @ 6.2 gallons/bag slurry
12 94# bags of cement + 2% bentonile @ 6.2 gallons/bag slurry
12 50# bags of3/8" diameter hole plug
50/50 washed sand 3/8" bentonite chip mix
3/8" diameter bentonite hole plug

Surface Seal

Not completed yet

Annuius Plug

h:\waier resources\3017\031\Mtn village #7 log.xlsWVell
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APPENDIX B

Geologic Log
and

Completion Data

Mountain Village Well No. 4

WELL

COMPLETION SUMMARY
AND

SUMMARY OF MATERIALS

PENETRATED

IN

MOUNTAIN VILLAGE WELL NO.

Land Surface Elevation:

mi

Static Water Level:

7483 ft MSL datum, estimated from topo
graphic map of Mountain Village area.

43.96 feet below top of casing, and 41.41
feet below land surface.
Non-flowing,
a r t e s i a n well.

1-^

Total Depth:

400 feet.

Drilling Contractor: Van Dyken Drilling Co. of Bozeman, Mt-

^

Drilling Method and Equipment: Air rotary drilling using a
Schramm Rotadrill with auxiliary
air compressor.

n

n

^

Well completed and pump installed by Van Dyken Drilling Co.
Drilling commenced on November 6, 1985
Drilling completed on November 12, 1985
Construction completed (casing installed) on November 15,

Pumping

test conducted December 18 and 19,

1986.

1985 at average rate

of 124 gpm for 48.33 hours, with total drawdown of 31.53 ft,
(Max. pump capacity was about 130 gpm, which limited test rate)

Geologic Log

_

0-1

1-48

Topsoil

Gravel,

angular rock fragments in silt and clay

matrix.
n

48-55

Clay, light gray, sandy, soft, sticky.
yellow at 52 feet.

Becomes

55-67

Weathered bedrock, angular to subrounded rock
fragments in a clay matrix.
Clay is pale yellow,
soft, and sticky.

67-94

Shale, greenish-gray, hard.

Moderately fractured.

94-105

Sandstone, gray, very fine to medium grained.
Shaly. Tight.

105-110

Siltstone, gray, sandy.

110-116

Shale and siltstone, gray, moderately fissile
(flaky), hard.

116-120

Sandstone, gray, very fine to fine grained, very
hard.

120-122

Andesite porphyry, crystalline igneous rock, very
hard.

m

122-126

Sandstone, dark gray, very fine to fine grained,
very hard,

"

126-128.5
128.5-133

Ff

Andesite porphyry, same as above.
Sandstone, dark gray, very fine to fine grained,
• hard.

133-182

^

tight.

Becomes very hard at 131 ft.

Andesite porphyry, grayish-brown, gray,

ish-gray, crystalline igneous rock.

and green-

Porphyritic.

Very hard.
Moderately to highly fractured from
133-149 ft., the slight to moderately fractured.
Fractures are clay filled from 146-148 ft.
Making
considerable water from

143 ft.;
from

^

182-189

fractured interval a t 139-

additional water gained over interval

144-164 f t .

Sandstone, grayish-brown to gray, very fine to
fine grained, hard, tight.

n

;

189-400

Andesite porphyry, greenish-gray, gray,

ish-brown, crystalline igneous rock.
Slightly to moderately fractured.
some

r'

fracture

surfaces.

and gray-

Porphyritic.

Slickensides on

Gain additional water

over interval from 184-214 ft.,

considerably more

water in fractured interval at about 350-355 ft.,
and additional water over interval

«

^

from 364-384

feet depth.

Formations Penetrated:

1-48
48-189

^

Quaternary aged Surficial deposits
Lower Cretaceous aged Sedimentary

Strata, undifferentiated; with
localized Tertiary aged Igneous
Intrusives, andesite sills.

189-400

Tertiary aged Igneous Intrusives,
• Andesite s i l l .

tm

Borehole Sizes and Depth Ranges:

0 - 21.5 ft. — 12 inch dia.
21.5 -

400 ft.

—

7 7/8 inch dia.

Well Completion Summary:

0-81 feet depth — 8 5/8 inch O.D.,

.304 wall steel

casing.
m

11 -

400 feet depth —

6 5/8 inch O.D., .280 wall steel
casing with 5 foot lengths of 40
slot, 304 stainless steel con-

^

tinuous wire-wound well

screen

set at depths of 140.7-145.7,
209.1-214.1, 282.2-287.2, 350-355,
«

m

384.8-389.8 f t .

APPENDIX C

Laboratory Analysis Reports
inorganic Chemistry
Mountain Village Well No. 7
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LA130RAT0RY ANAI^YSIS BBPORT

Mark Brooke

Project ID:
Sample SO:

PO Box 6147

Laboratory ID:

Helena, MT 59604-6147

Sample Matrix:
Sample Date;

Moxriso]! Moierle Ino.
pm

MOUNTAIN VILT AGE WELL #7
OMlllfi-1
Water
12-Deo-Ol 1200

Reported: 20-Dec-01

14'DC(H)1

Received at lab:

Reportin!: Regulatory
Results

m

RLH

Magaesium

4 rag/1
<1 mg/l

I

BPA 200.7

20-DBO-01 0254

RLH

1

EPA 200.7

20.Dec-01 0254

RLH

1

EPA 200.7

20-Deo-01 0254

RLH

1

EPA 300.0

17-Dec-Ol 1654

LDV

12 mg/l
<1 mg/l
7 mg/l

Carbonate

SpecificCosducMuice (§)

C

Solids, Total Dissolved at ISO C
PH

Nitrogfln, Nitrate plus Nitrite

1*1

m

l7.Deo-011654

LDV

17-Deo-Ol 0958

AK/TLDV

1

SM2320B

17-Doc-Ol 0958

AK/LDV

1

SM2510B

U-Deo-Ol 1646

KP

. 10

SM2540C

17-Dbo-OI 1530

AK/LDV

0.1

EPA 150.1

14-Dec-Ol 1646

KP

97 mg/I
8.3 8.U.

Thallium, Total

<0.001 mg/l

Nickel, Total

EPA 300.0
SM2320B

1S5 uxnbos/om

Selenium, Total

Antimony, Total
Arsenic, Total
Barium, Total
Betj^lium, Total
Cadmiutn, Total
Cbroniium, Total
Iron, Total
Mercury, Total

1

1

101 mg/l
<1 mg/l

0.12 mg/l
0.14 mg/l
<0.003 mg/l
<0.005 mg/l
<0.1 mg/l
<0.001 mg/l
<0.001 mg/l
<0.01 mg/l
<0.03 mg/I
<0.0002 tng/l
<0.01 mg/l
<0.005 mg/l

Fluoride

m

Analyzed
20.Dec-01 0254

Sul&tB

M

Method

EPA 200.7

Bicaiijouate

4HI

Limit

1

Chloiido

'

Limit

19 mg/l

Sodium

n

Ounl

Calcium

Potassium

'

Units

0.05
0.1

10.0

EPA 353.2

18-Dec-01 1034

BS

4.0

SM4500FCraod

18-Dec^: 1133

DLR

CAR

0,003

0.006

EPA 200.8

18-Dec^l 0025

0,005

0.05

EPA 200.8

18-Deo-Ol 0025

CAR

2

EPA 200.8

IB-Dec-Ol 0025

CAR
C.^

0.1

0.001

0.004

E?A 200.8

18"Dec-01 0025

0.001

0.005

. BPA 200.8

18-Dec-Ol 0025

CAR

0.1

EPA 200.8

18-Dec-Ol 0025

CAR

0.01
0.03

0.0002

0.3

EPA 200.7

20-Dec-01 0544

RLH

0.002

EPA 200.8

18.Deo-01 0025

CAR

CAR

0.1

EPA 200.8

18-Dco-Ol 0025

0.005

0.05

EPA 200.8

iS-Deo-Ol 0025

CAR

0 001

0.002

EPA 200,8

18-Dec-Ol 0025

CAR

0.01

'

-
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LABORATOay ANALYTICAL REPORT

Gient;

Morrison Maierle

ReportDate: 01/07/02

Project:

Collection Date: 12/12/01 12:00

Lab ED: BO1120254-001

^

Date Received: 12/14/01

ClientSample ID: Mouatain Village Well #7

Matrix; DRINKING
WATER

^

Analyses

__
Result Units

Qua!

RL QCL

Method

Analysis Date / By

E0OO.O

12/27/0115:19/rs

RADIONUCLIDES (CONTRACTLAB WY00002)

n

Gross Alpha

ND

pCl/L

1.0

15

fm

I^Bport
1**

Deflnltioxu:

ND• Notdotcctcd at the reporting limit

QCL • Quality control limit

MCL - Maximumconiaminont level

RL• Analyce resortinglevel

.JAN. 2.2002
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ENERGY LABORATORIES, INC. • RO. Box30916• 7120 South 27th Street• Billings, MT 59107-0916

i

800-735-44B9 •406'2S2-6325 •406-252-6069 fax • eli@&nB!igylab.com

m

LABORATORY ANALYSIS REPORT

Morrison Maierle, Inc.
Tom Mcndes

9Q1 Technology Blvd.
Bozeman, MT 59771

Project ID:
Sample ID;
Laboratory ID:

MOUNTAIN MEADOWS WELL #7
01-fill87-l

Sample Matrix:

Water
17-Dec-Ol 144S

Sample Date;

1S-Dc€-01

Received at lab:

PI

Reported:

Reporting
m
•

Resnlts
'

Svilfido

lUnits

<1 mg/l

Qua}

Limit
1

27-Dec-Ol

Regulatory
Limit Method
EPA 376.1

Analyzed
21-Dec-Ol 1343

FMB

p. 02

BIOLDGfCAL « CHEMICAL ANALYSES

MONTANA MICROBIOLOGICAL SERVICES

Montana Miaolik)lo(ka] Services

Morr ison-fiaier 1 e,
910

Helena

Helena

MT

2010 North 7th Avenue

P.O. Box 4570

Bozeman, MT 59715

Bozeman. MT 59772
Fax: 406-586-3951

Ph; 406-586-5590

Inc.-Helena

Avenue
59601

riountain Village,

Sample Address ^
County •

Gallatin

Sample Collected by ^

Rark

Uell No.

7

12/13/01

Date Analyzed ^
Date Reported ^

12/13/01

12/15/01

Big Sky

Brooke

S«mpl« Sit*
01125907

Date Received ^

(Groundwater)

Date/Time

12/12/01 12:00

Totat Conform

Absent/lOOmLs

E. Coll

Absent

Satisfactory

Date Notified:

Saturday, December 15, 2001

Analyst Signature:

•^ •'1''

_

406 252 6069

n

Fci^?ca; «iS§^

1120South 27th Stroat • Bunnga,

^isSa^SM 600-735-4489 • 40G-252-6Q25 • 406-252^069 fax • eH&»n9tyylsb.com

Date

ENERGY LABORATORIES, INC.
Complete Analytical
w

Services
1120 South 27th Street

Billings, Montana 59101

-

TO:

COMPANY:

lMov2>^i^'/^ U(.i-rhP

FROM:
r»

Number of Pages (including cover sheet): ^
FACSIMILE COVER SHEET

Office Hours: 8:00 AM - 5:00 PM, Mountain Time

Telephone: (406) 252-6325
Facsimile: (406) 252-6069

COMMENTS:.

F

results

This facsimile is CONFIDENTIAL. If you havs received this in error, please contact Energy Laboratories,
Inc. immediately. (406)-252-6325 or toll free (800)-735-4489.

.JftN.10.2002
m
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Lab No.

01-61115-1

QUALITY ASSURANCE DATA PACKAGE

This report {& a summary of the results of the=quality assurance tests performed with
the sample analyses. They are performed to determine Ifthe methodology is in control
and to monitorthe laboratory's ability to produce accurate and precise results. The
date the quality assurance sample was analyzed Is consistent with Energy Laboratories'
Quality Assurance Plan.
m

Duplicate Analysis
- - • mg/l (ppm) - - Constituents

n

m

Analysis
ma/f foDm)

mo/I (Dom)

35

36

92

<1

54

Magnesium

10

104

<1
<1

52

Potassium
Sodium

19

10
4
19

Chloride
Sulfate

9

10

69

4

Solids. Total Dissolved at 180 C
pH, s.u.

2490

70
580
2500

7.6

Nitrogen, Nitrate plus Nitrite

101

102
85
96

• <1

<1
<1

Acceptable
+/.10®/o

mq/l fppi
50
50

52

50

52
25
104

50
25
100

<1

NA

NA

101

<10

NA

NA

7.6

NA

NA

NA

NA

0.98

1.00

5.23

1.09

95
96

<0.05

1.09
<0.003

<0.1

3.67

<0.003

Arsenic, Total
Barium, Total

<0.005

<0.005

100
100

0.049

Beryllium, Total

<0.001

0.048
0.054

0.05

Cadmium. Total
Chromium, Total
Iron, Total

<0.001

<0.003
<0.005
<0.1
<0.001
<0.001

5.42
3.76
0.05
0,05

576

\

Mercury, Total

m

%
Reeoverv

Calcium

Antimony, Total

m

Sample
Analysis

DuDlfcate

Fluoride
1

Calibration True Value,

Blank

Orialnal

Specific Conductance, pmhos/cm
m

Spiked
Analysis

Nickel, Total
Selenium, Total
Thallium, Total

0.1

<0.01

<0,03

NA

0.1
<0.001
<0.001

104

<0.01
<0.03

94

<0.0002
<0.01
<0.005

<0.0002

<0.001

<0.001

<0.01
<0.005

103
99

94

93
96
92
99

<0.01
<0.03
<0.0002
<0.01
<0.005

<0,001

0.050

0.05

0.050
0.050

0.05

5.17

0.049

5
0.0025
0.05

0.051
0.049

0.05
0.05

0.0026

0.05

.
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QA/QC Summary Report
Expanded formatavailableon request
CUent:

Report Date: 01/03/02

MoniBon Maierle

Project:

Work Order: BOl 120254

Analyte
Method:

Result

High Limit

%RPD

LCS

SsmplBiD: MB-R6164
Gross Alpha

MBLK

Sample ID: C01120548-001AM8

MS

Gross Atpha

Sample 10: coil20540-001AMSD
Gross Alpha

Qnliffcrt:

Low Limit

RPDLImIt

Qual

Batch; C_R6164

Gross Alpha

m

PQL %REC

E900.0

Sample ID: LCS-R6164

^

Units

12/27/01 15:16

295.e

pCI/L

1.0

ND

pQ/L

1.0

292

pCi/L

1.0

97.4

70

130

12/27/01 15:19

12/27/01 15:19

9e.3

25

105

25

105

12/27/01 15:19

MSD
290.2

pCI/L

NO - Not Detected at ^e Reporting Limit
J' Analyte detected below quantitstion limits
B - Analyte detected in the associated Method Blank

1.0

95,7

S - Spike Recovery outside accepted recovery limits
R - RFD outside accepted recovery limiu

0.610

30

Page 1 of 1

Jm.10.2002 10:00AM
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'

Lab No.! 001-01-B1115
Date: 14.DEC-Q1
Received bv! Krvstal McDonald

Logged In bv: Krvstal McDonald

SAMPLE CONDITION QA/QC REPORT
This report provides information about the condition of the samplefs)
and associated sample custody information on receipt at the laboratory.

Chain of Custody Form
Completed & Signed

Yes

Comments:

Chain of Custody Seal

Yes

Comments:

Yes

Comments:

Signature Match Chain of Custody vs. Seal

Yes

Comments:

Temperature Received

4C

Comments:

Samples Received Within Holding Time

Yes

Comments:

Samples Received In Proper Containers

Yes

Comments:

Samples Received Properly Pressrvedd)

Yes

Comments;

Intact

(DAcid preservation of samples for volatile organics Is not evaluated on this form.
Any preservation problems encountered for these samples are noted on the analytical parameter report pages.
Record of client contact;

Who: Mark Brooke

Bv: Krvstal McDonald

Method of Shianinoi UPS ARS Ground

Additional comments: Run all analysis listed on COC.

Date/Time: 12/14/01

n

n
n

MORRISON

MAIERLEjnc.
Engineers, Scientists, Surveyors & Planners Since 1945
910HELENAAVENUE • P.O. BOX 6147 • HELENA, MT 59604
406-442-3050 • FAX:406-442-7862

