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INTRODUCTION

Bud King proposes to intermingle 36 lots with a golf course on
approximately 18 acres just west of Frenchtown, Montana. The
proposed subdivision, which has been divided into three phases, is
located in the center of the west half, Section 34, T15N, R21W
(Figure 1). A small westerly corner of Phase I is located in
Section 33. The purpose of this report is to address the potential
effects of 36 on-site septic systems on deep and shallow
groundwater.

METHODS

Previous groundwater information was gathered relative to water
quality and aquifer characteristics. A field investigation was
undertaken to gather additional site specific information.

Literature Review. Geology and Ground-Water Resources of the
Missoula Basin, Montana (McMurtrey et al., 1965) and Basic Water
Data Report No. 1 (Brietkrietz, 1964) was reviewed relative to
aquifer test data, seasonal groundwater level fluctuations,
direction of flow and hydraulic gradient in the Frenchtown area.
Generalized hydraulic conductivity values in the Frenchtown area
were also obtained from a map prepared by Shannon (1994). The
Chemical Section of Missoula Valley Water Study, Well and Surface
Water Analysis (Juday and Keller, 1978) was examined for chemical
water quality data of area wells.

Drillers logs for Section 33 (Supplement A) and 34 (Supplement B)
were obtained from the D,N.R.C. Water Rights Office in Missoula and
the Bureau of Mines and Geology in Butte and summarized (Appendix A
and B).

Aquifer Tests. Separate aquifer tests were conducted on the two
Bud King wells. The 5 inch, 172 foot deep domestic well (no well
log) was pumped for 131 minutes at 27.7 gpm using a centrifugal
pump. The 6 inch, 22 foot deep shop well (no well log) was pumped
for 102 minutes at 24.3 gpm. A pressure transducer was installed in
each well prior to pumping to measure drawdown and recovery in both
the pumped well and adjacent non-pumped well and connected to a
datalogger system that recorded water levels at 3@ second intervals.
Data from the datalogger was then downloaded into a computer for
analysis. Pre-pumping static water levels were measured with an
electric well sounder. Pumping rates were measured throughout each
test with a 20 gallon container and a stopwatch.

The distance between the domestic and shop well was measured using a
500 foot engineer's tape. The mean sea level (MSL) elevation of
each well was determined by Mike Schwarts, P.E., PCI, Missoula. MSL
static water levels were then compared.

Data Analysis. ISOAQX (v 2.85), a graphics oriented aquifer
characterization and prediction program, developed by HydralLogic,
Missoula, Montana, was used to analyze drawdown and recovery data,
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to graph results relative to observed drawdown and to estimate the
effects of increased withdrawal rates on the King domestic well.

Groundwater Mapping. Direction of flow and hydraulic gradient were
determined using shallow groundwater wells located in the central
part of Section 34 (Brietkrietz, 1964). Water levels measured on or
about September 20, 1961, and MSL elevations were provided by
Brietkrietz (1964). 1Individual wells were precisely located on a
Missoula County Plat map (Figure 2). Groundwater elevations for
wells belonging to Erickson, Hamel, Lauzier, McDonald, and the
Northern Pacific Railroad (22 foot deep well - no drillers log) were
used. Based on the assumption that water levels in all shallow
wells in the center of Section 34 fluctuate in a like manor, water
levels in the Hamel, Lauzier and Northern Pacific wells were
adjusted to September 24, 1961, using the continuous water level
record for the Northern Pacific well (Brietkrietz, 1964). A
groundwater map was then developed using a programmable calculator.
Lines of equal elevation were hand drawn.

Nitrate-N Samples. Water samples were collected from the Bud King
shallow and deep wells and the Richards 176 foot deep well (Thompson
log #20, Supplement A) at 16,545 El Toro Lane on 12/18/91. Water
samples were analyzed for nitrate by Dr. Richard Juday, Department
of Chemistry, University of Montana, Missoula. Additional nitrate
data for three additional wells was obtained from the Missoula City
County Health Department records.

Nitrate Sensitivity Model. A spreadsheet was developed to estimate
the effects of 8, 12 and 16 septic systems (Phases I, II and III) on
groundwater down-gradient from the three phases based the method-
~ology described by Bauman and Schafer (1984). Background nitrates
in the shallow aquifer were assumed to be the average of the King
deep and shallow wells and the Richards deep well. All data used in
the model was the best available. The hydraulic conductivity value
used was the lowest figure obtained by analyzing the King shallow
well data with different analytical models.

Nitrate sensitivity analysis was not performed for the deeper
artesian aquifer because the pressure head in the deep aquifer was
found to be greater than the shallow aquifer. This would preclude
vertical migration of surface water into the deep aquifer.

RESULTS

Hydrogeology. There are two separate and distinct aquifers in the
Frenchtown area. Although McMurtrey et al. (1965) did not identify
two separate agquifers, they conducted aquifer analysis on data from
both the deep and shallow wells in Section 34, test pumped a shallow
well in Section 34, and presented drillers log data for two
obviously different aquifers (Brietkrietz, 1964).
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The strongest evidence supporting a two aquifer system is the MSL
elevation of the water surface in the Bud King deep and shallow
wells. On December 23, 1991, the MSL elevation of the water surface
in the King shallow well was 3083.68 feet. The MSL elevation was
3089.43 feet in the King deep domestic well. Therefore, at the Bud
King residence, the potentiometric surface in the deep well was 5.75
feet above the surface water elevation in the shallow well.

In addition to this, numerous drillers logs indicate the presence of
"quicksand" (Supplements A and B). A positive (upward) vertical
flow component causes this "quick" condition. Drillers logs that
noted "quicksand" were:

Supplement A - Sec.33 Supplement B - Sec. 34

# 2 Joseph Boyer # 6 Frenchtown Fire Department
#16 Harvey McDonald
#20 Northern Pacific Railway
#21 Joe Pineur
#25 Herbert Seibert

Evidence of different MSL elevations between the deep . and shallow
aquifer is also apparent both east and west of Frenchtown. To the
east in Sec. 13, T14N, R21W, the water level in the 4@ foot deep
Cardon shallow well (Bl4-21-cd, Brietkrietz, 1964) is above that of
the 153 foot deep Williams well (Bl14-21-dc2, Brietkrietz, 1964).

This relationship becomes apparent when MSL water levels of these
adjacent deep and shallow well pairs are plotted. MSL elevations of
measured water levels in the Williams and Cardon wells (Brietkrietz,
1964) were plotted versus time for the available period of record
(Appendix C). It can be noted that water level fluctuations in the
two wells are synchronized and that a 6 to 7.5 foot MSL head
separation is maintained (Appendix D).

Several miles to the west in the Huson area the same situation
occurs only the potentiometric surface in the deep aquifer appears
to be greater than that of the shallow aquifer. In the vicinity of
Huson, Montana, the potentiometric surface in some wells is above
land surface (Table 1) while the top of the shallow water table
remains 10 to 2@ feet below land surface.

Based on the static water level and the MSL elevations of individual
wells given by Brietkrietz (1964), the direction of groundwater flow
in the shallow aquifer just east of the King Ranch was estimated to
be approximately 190° true or S1¢°W (Appendix E). The hydraulic
gradient was 0.0094 through the area mapped (Appendix E) and is
assumed to be the same in the vicinity of the Bud King Ranch.
Direction of flow and hydraulic gradient are not expected to vary
much seasonally.

The dlrectlon of groundwater flow in the deep confined aqulfer is
not known. But, in the vicinity of the King Ranch, it is assumed
parallel the Clark Fork River or be slightly towards the river. It



Figure 2. Copy of Missoula County Plat Maps of Sections 33 and 34, T15N, R21W used to locate known wells in
the vicinity of Bud King Ranch.
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is further assumed that the hydraulic gradient in the deep aquifer
is less than that of the water table aquifer.

Aquifer Test. Aquifer test results of the Bud King well indicate
that the Transmissivity (T) of the shallow aquifer is between 13,635
ft2/day (Appendix F and G) and 30,777 ft2/day (Appendix H) depending
on the analytical model used. When the King test data was analyzed
it was assumed that the saturated thickness (M) of the shallow
aquifer was 18 feet (actual thickness will vary by site). Since T =
K * M, hydraulic conductivity (K) is believed to range between 1,363
ft/day and 3,078 feet/day (Table 2).

Because the King wells were pumped using a centrifugal pump and a
small diameter lift hose, pumping rate oscillated slightly causing
the pumping level to rise and fall. Due to the cyclic nature of the
data (Appendix F and 1), the Gravity Drainage Water~-Table Model
could not be used to evaluate drawdown in the shallow aquifer and
the Hantush-Jacob Model could not be effectively used to determine
leakance values in the deep aquifer.

McMurtrey et al. (1965) reported Transmissibility values (old term
for Transmissivity) for both a deep and shallow wells in Section 34
approximately 3/4 mile due east of the King Ranch. Transmissivity
(T) of the shallow, 22 foot deep Northern Pacific well, based on an
actual test, was 11,364 ft2/day (K = 1,136 ft/day assuming M = 10
feet). This K value is very close to the 1,363 ft/day value
obtained from the King shallow well test.

The Hydraulic Conductivity Map of Missoula Valley (Shannon, 1994)
(Appendix N), indicates a range of K values for the S/2, Sec. 34 as
being between 50¢ and 2099 gpd/ft2 (66.8 to 267.4 ft/day) or 7,436
to 29,747 meters/year. Shannon's 2,090 gpd/ft2 value is 4.25 times
smaller than the value reported by McMurtrey et al. (1965) and 5
times smaller than the value obtained from the test of that Bud King
shallow well. Regardless of whose numbers one chooses to believe,
the hydraulic conductivity in the portion of the shallow aquifer
west of Frenchtown near the Clark Fork River is very high.

Nitrate-N in Groundwater. The nitrate-N concentration of the Bud
King shallow well was ©.57 mg/l (Appendix J). The other two nitrate
samples were taken from nearby deep wells. Average nitrate-N
concentration for the three wells sampled was #.70 mg/l1 (Appendix
J). This suggests that nitrate values are lower in the shallow
aquifer than in the deeper confined aquifer.

Nitrate concentrations in three other deep wells in the area were
looked at but were not used to calculate background nitrates because
two of the wells (Frenchtown High School and Frenchtown Grade
School) (Appendix K) were somewhat removed from the project area.

The well(s) serving the Grinnell Estates (No.l5 and No.l16, Appendix
A, Supplement A), although closer to the King Ranch, are also deep.
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The last nitrate-N value for Grinnell Estates was 9.50 mg/l on
4/5/90 (Appendix L) and was half the concentration reported at the
Frenchtown Schools. The Grinnell data was also disregarded.

Nitrate Sensitivity Analysis. Nitrate sensitivity analysis asserts
that the addition of 8, 12 and 16 home sites (36 units total) on the
King Ranch will cause nitrate levels to increase ©.06 mg/l below-
Phase I, 0.09 mg/l below Phase II and @.11 mg/l below Phase III
(Appendix M). Resultant nitrate-N concentrations down-gradient from
the individual phases will be 9.76 mg/l, ©.79 mg/l and ¢.81 mg/l in
Ph7ses I, II and IITI based on a background concentration of #.70
mg/Ll.

If lower values of K are used in the Nitrate Sensitivity Model,
nitrate impacts to shallow groundwater will be proportionally
greater. K values of 2,000 gpd/ft2, 1,000 gpd/ft2 and 588 gpd/ft2,
as reported by Shannon (1990), would result in nitrate-N concen-
trations of 1.02 mg/l, 1.33 mg/l and 1.93 mg/1 (Appendix M, bottom
of spreadsheet) down-gradient from Phase I. Because these K values
have been shown to be too small, they were not deemed appropriate
for this assessment.

Water Availability. It is proposed to use the King domestic well
to provide water for the golf course club house. Analysis revealed
Specific Capacity of this well to be 33.8 gpm/foot of drawdown. T
was 17,934 ft2/day (Appendix I). Therefore, this well is capable of
being pumped in excess of 100 gpm and will easily meet the estimated
demand of 45 gpm for both club house and King residence. If pumped
at 45 gpm drawdown will be about 2.5 feet.

CONCLUSIONS

The following conclusions can be made based on the analysis of
groundwater quality and quantity relative to the proposed
development of the Bud King Ranch.

1. The only shallow well tested for nitrates (King shop) had the
lowest nitrate~N concentration of the three wells sampled.
Average nitrate-N concentrations in both the deep and shallow
aquifer was 9.79 mg/1.

2. There appear to be two distinguishable aquifers in this area, a
~shallow water table system and a deeper confined, or more
likely leaky confined, aquifer.

3. Transmissivity of King shop well was similar to the value
reported by McMurtrey et al. (1965) for the 22 foot deep
Northern Pacific well. Therefore, a K value of 1,363 ft/day
was considered appropriate to use in the Nitrate Sensitivity
Model. Although the depth of the shallow aquifer varies, there
is a large volume of water moving through this system.
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4. The King Ranch Subdivision, as proposed by PCI, will have a
minimal impact on the shallow groundwater in the area.
Resultant nitrate-N concentrations in the shallow aquifer,
down-gradient from the individual phases, are estimated to be

.76 mg/l, #.79 mg/l and ¢.81 mg/l below Phases I, II and III
respectively.

5. The direction of flow, in the vicinity of the King ranch, is
southerly. Therefore, it appears that no domestic well will be
affected by this proposed development.

6. Due to the differences in pressure head between the deep and
shallow aquifers, and because it appears that this relationship
doesn't change for at least five miles to the west, there is
little doubt that nitrate contributions to the shallow aquifer
will enter and adversely impact the deeper aquifer.
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Appendix A. Drillers log record for wells in Section 33, T15N, R21W,
, Montana.

Frenchtown

No Name or Owner
1 Block, Warren
2 Boyer, Joseph
3 Boyer Land
4 Boyer Land
5 Klaudt, Gorden
6 Korman, Donald
7 Leach, Don
8 McNeal, Thomas
8 Nordberg, John

10 Nordwick, Kalvin
11 Parker, James
12 Parker, James
13 Parker, Jon V.
14 Parker, Less

15 Putnam, Bette
16 Putnam, Bette
17 Simpson, Gene
18 Ternes, Lee

19 Thompsen, Dewey
20 Thompson, Robt.
21 Woodworth, J.

Aquifer Type:

Well Location:

Date
Completed
07/20/87
10/10/49
04/15/81
04/17/91
05/20/76
02715777
03/30/77
05/05/80
10/06/74
11/16/89
07/717/62
05/729/80
03/21/76
05/01/74
08/17/79
09720779
08/07/79
03/729/78
06/24/77
07727774
11/14/85

Well
Depth
178.75

176

22.5

22

171

165

175
170
174
170
27
174
171
178
182.5
184
180
30
167.5
176
166

Static Pump
Water Rate
Level (gpm)

8 100+

) 807
10 25
10.5 25
10.3 50
2 20
12 80
20 50
10 30
5 50
14 60

10.5 100

11 100+
10.5 30

9.5 150

10 175
9 20
12 15
6 99
10 30
5 50

C = confined, W = water table

Spec.
Cap.
gpm/ft
0.59
6.7
50
50
75
4.35
10
4.2
3.75
7.1
15
5.13
11.1
20
21.4
25
1.82
1.15
1.06
15
3.33

Aqgqu.

WHell

Type Location

noOQMENOOOOOETONOANAONONZT RO N

Good
Excellent
Fair
Fair
Excellent
Good
Excellent
Excellent
Excellent
Excellent
Fair
Good
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Good

Excellent - Well located with certainty according to Plat Map and COS.
Good - Well located on County Plat Map. Lot too big for exact location.
Fair - Well location only generally known relative to County Plat Map.

Note: Drillers logs of above mentioned wells are contained in Supplement A.



Appendix B. Drillers log record for wells in Section 34,
Frenchtown,

No.

VOO A W~

Name or Owner

Alexander, M.

Chappus,
Corcoran,

Joseph
Robert

DeBack, Camiel

Fink Cyr.

., James

Frenchtown Fire
Frenchtown H.S.

Hamel,
Hamel,
Hamel,
Lindback,
McDonald,
McDonald,
McDonald,
McDonald,
McDonald,
McDonald,
Moore,

Edmond
EFdmond
Flore

Robert
Harry
Harry
Anna
Harvey
Harvey
Jess

Amos

Nikoleyczik, O.

Northern
Pineur

Raymond,
Running,
Running,
Seibert,

Pacific

Bertha

Clinton
Clinton
Herbert

Smith, Marvin
Smith, Marvin
Smith, Otto

Agquifer Type:

Well Location:

Montana.

Date

Completed

10/724/88
12715773
1943
1941
11701760
11/29/74
06/13/80
1915
06/21/74
1890
1935
10/11/73
1949
06/29/88
04/29/78
1948
1917
04/08/66
02/13/91
11/722/55
06/18/66
01/10/74
03/17/66
08rs22/59
1954
06/13/74
04/12/82
02/26/54

14
31.5
188
168
161
192
27
177
170
160
165
160
35
30
165
160
146
158

Static Pump
Water Rate
Level (gpm)

10? 30
6.5 80
14 20
14 20
25?2 11
8 300
11 200
7 47
15 40
10 10
12 35
12 80
10.5 40
16 200
17 400
12 80
30 75
10 12
6.3 30
8 60
22 45
- 40
11 15
8 60
4 50
10 20

C = confined, W = water table

Spec.
Cap.
gpm/ft

OOAOAQTFOAIOQOQAQAONATOAOAOATRTTQAXIOQAT XX

T15N, R21W,

Aqu.
Type Location

Qo

Well

Fair
Excellent
Excellent
Excellent
Excellent
Excellent
Good
Fair
Fair
Excellent
Failr
Excellent
Fair
Excellent
Excellent
Good
Fair
Poor
Good
Good
Good
Excellent
Excellent
Excellent
Fair
Fair
Fair
Poor

Excellent - Well located with certainty according to Plat Map and COS.
Good - Well located on County Plat Map. Lot too blig for exact location.
Fair - Well location only generally known relative to County Plat Map.

Note: Drillers logs for above mentioned wells are contained in Supplement B.
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Appendix E. Overlay of Sections 33 and 34, T15N, R21W showing the location of all known wells in the vicinity
of the Bud King Ranch including the wells used to determine direction of groundwater flow and

hydraulic gradient.
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Appendix J

WELL WATER ANALYSIS

Name King (H. Newm.n Date 12/19/91

Location Frenchtown, pomestic well

Nitrate-nitrogen(pmm) 0.62

Conductivity: (m~mhos)

Signed

WELL WATER ANALYSIS
Name Bud King (H. Newman) Date 12/19/91

Location Frenchtown shallow, shop well

Nitrate-nitrogen(pmm)__ 0.57

Conductivity: (m-mhos)

Signed B - <C/ hu&f

R.Eo J\.&Y

WELL WATER ANALYSIS

Name Richards (H. Newmsn) Date 12/18/91

Locat.ion 10545 E1 Toro Ln

Nitrate-nitrogen(ppm)_0.91

Conductivity (m-mhos)

Stgned i&é%eﬁaf,
R.E. Juday
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Appendix M

EFPECTS 0 VARYING HYDRAULIC CONDUCTIWITY AND MITING DEPTH O PREDICTED
SITRATE-N CONCENTRAFIONS 1N GROUNDWATER IN THE W/2, SEBC. 34, F13K, R20W
IN THE VICINITY OF PROPOSED KING RANCH SUBDIVISION, FRENCHTOWN, MONTANR,

Hitrate concentrations are based on the following assuaptions:

Average Annual Bffective Ppt. = 3.31 inches = 0.084 meters  (Frepchtown receives 18" of ppt. anually.)

Nidth across PHASE I perpendicular to direction of groundvater flow: 360 feet 274.3 neters

¥idth across PHASE II perpendicular to direction of groundwater flow: 950 feet 289.6 meters

Nidth across PEASE III perpendicular to direction of groundwater flow: 1080 feet 329.2 neters

Slope of water table within Section 34 (db/dl)  0.0094 (McMurtrey, et al, 1965, modified by Newaan, 1592)

Background Kitrate-N concentratiop = 0.70 (Bverage concentration of Bud King shallow and deep wells and
the Richards, 176 foot deep well (Sec.33, #20) sampled on 12/19/51)

Kitrate-N concentration ip soil = 0.1 1g/]

Kitrate-N concentration in septic effluent = 62 1g/1 {Bauman & Schafer, 1984)

Naxinum occupancy within proposed subdivision, 36 lots total in proposed Bud King Ranch development,

Area within proposed Phase I = 3.73 acres = 15,087 square aeters

Area within proposed Phase II = 6.43 acres = 26,022 square meters

Area within proposed Phase III = 8.04 acres = 32,535 square meters

Septic effluent geperated on-site = 155,125 I/bouse/y (Bauman & Schafer, 1984, and Nissoula Census, 1991)
Bydraulic conductivity based oa: Aquifer test of Bud Kiag shallow well by B, Newman on 12/23/91.
Bydraulic gradient based on: Measured gradient (after Brietkrietz {1964}, modified by Newnan, 1392),

Aquifer thickness assumed to be 10 feet for purpose of analysis.

Wg = Groundvater entering upgradient boundary Ng = Nitrate ¥ in groundwater (mg/l)
¥r = Nataral recharge (varies) Br = Mitrate-N in recharge (mg/1)
We = Septic system effluent geperated on-site Ne = Nitrate-N in effluent (mg/l)

Resulting
Bydraulic Hydraulic Miring Nitrate-§
Cond. Cond. Depth ¥g ir Ve Nt Ng ir ¥e ! |4 Kt/Nt

(gpd/ft2) (w/yr) (meters) (w3/gr} (m3/yr) {(a3/yr} {(a3/yr) {g/yr) [{g/yr] ({(g/¥r) (g/yr] (ng/l)
Phase I - 8 Units
10,193 151,697 3.0% 1,193,057 1,268 1,241 1,195,566 835,140 127 76,942 912,208 0.76

Phase II - 12 lnits
10,199 151,697 3.05 1,193,057 2,186 1,862 1,263,385 785,603 219 115,413 871,234 0.73

Phase III - 16 Onits
10,199  151,6%7 3.05 1,193,057 2,133 2,482 1,436,883 859,001 273 153,884

2=z S2IISTES ZIITIESE =zo==Tee ZRTITIS2 sSIzE=In === sSEszzTET xs=s5

Phase I - 8 Units
2,000 29,747 3.05 233,356 1,268 1,241 236,465 183,769 127 76,942 240,838
1,000 14,874 3.05 116,378 1,268 1,241 119,487 81,884 127 76,942 158,953
500 7,437 .05 58,489 1,268 1,241 60,998 40,942 127 76,942 118,011




Appendix N

ivity

*

L}

Conduct

Hydraulic

Missoula Valley Aquifer Pollution Potential

Gallons per Day per Square Foot
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