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IHTRODUCTION

PURPOSE AND SCOPE

The purpose of this study is to provide a thorough descrip-
tion of the natural hydrology within the boundaries of the

Tort Hall Indian Beservation; provide an inventory of cur-

rent water use, and a plan for future use to the year 2020.
The water inventory and plan was prepared under subcontract
by James M. Montgomery, Inc., of Boise, ldaho. It is pro-

vided under separate cover.

The geology firm of Robinson & Noble, Inc., was authorized
to define the natural flow within the reservation. Pre-
liminary work began in 1973, with a more thorough coverage
beginning in June of 1875, when the senior author arrived
on site as a resident geologist. Two principal sources of
information have been used. These are:

1. Published records aﬂd réports, chiefly by
the USGS and their cooperators,

2. Direct measurements of streamflows, ground-
water levels, and chemical gualities. These
were made by Tribal personnel and Robinson
and Noble, Iac.

ACKNOWLEDGEMENTS

Numerous Tribal and Bureau officials assisted in this study.

The Tribal Council water resource lialisons, Kesley Edmo,
"Barney" Creasy, Lional Boyer., and LaNada Boyer, provided
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Dwight Bowen (former Tribal Attorney). Nathan Small, of the
Tribal Water Resources Office, ably assisted in all data collec-
tion activities. BIA employees Arden Hanson(Techniecal Services)
and August Mueller (Water Rights, Area Office) also provided
considerable service throughout the study. Several members of
the USGS provided considerable published and unpublished data
and information. Many additional people of the Fort Hall Re-
servation also provided assistance, information, and property
aACCEess.
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WATER RESOURCE SUMHARY

BLACKFOOT RIVER BASIN

The Blackfoot River Basin contains 1,300 square miles, of which
124 (10%) is within the Fort Hall Reservation. The major
tributaries to the river that drain reservation lands are Wood
Creek, Garden Creek, and Lincoln Creek.

The U.8. Geological Survey {(USGS) maintains four recording gage
stations on the Blackfoot River, including one on the Blackfoot
Reservoir. For this study, a recording gage station was establi-
shed on Lincolin Creek below Yandell Springs. Additionally, monthly
measurement stations were established on €Cold Creek, Garden Creek,
Wood Creek, Short Creek, Beaver Creek, Deadman Creek, and Dead-
man Spring. The USGS monitors cne stock well near Lincoln Creek.
In addition, three wells were monitored for this study.

The average annual stream discharges have been computed for the
1974 to 1978 water years based on the available data (Table 1).
The 1876 water year flows are used as the average annual flows
for each basin, as precipitation was nearly normal that year.
Variations in the arnual flow will oceur as the yearly precipita-
tion varies. The drought of 1877 placed a large siress on the
hydrologic system, as water input was reduced to about 80% of
normal. In 1977, moest of the tributary streams, as well as the
Blackfoot River, averaged between cne third and one half of their
normal annuzl flows. During the 1978 water year, rainfall amounts
approached normal. The yearly flows, however, continued to lag
and in some cases fell lower than the 1877 average. Generally
though, the baseflows of the summer of 1978 wers higher than the
1977 levels, The streamflow recovery was not immediate, as a
large portion of the 1978 snowmelt recharged the dry soil and

low water tables. Increased baseflows can be expected if rain-
fall amounts continue near normal in the future.

Little direct observation of the ground water in this portion of
the reservation was possible, due to the scarcity of wells in the
area. Wells monitored were in the Lincoln Creek basin and adja-
cent Snazke Plain. In the upland area, the ground water probably
exists as rather small, discontinuous pockets in the sedimentary
rocks. These pockets account for the scattering of small springs
throughout the area. The depth to water table can be expected to

—a-
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vary greatly, depending on the elevation and geology. ' Generally,
shallow depths to water can be found in the valley bottoms, with
increasing depths in higher areas, Ground water levels showed
little response to the 1977 drought.

The water budget developed for this basin area is based on the
1976 water year flows as representing near normal conditions.
This budget is illustrated schematically in Figure 1, and tabu-
lated in Table 2.

TABLE 2
BLACKFOOT RIVER BASIN - WATER BUDGET

Inches CFs Acre/Feet

Input - precipitation 16, 146. 105,800
Evapotranspiration 11.5 105, 76,100
Total Runoff 4.5 41. 29,800
Surface Water Flow 1.9 17.7 12,800

Upper Tributaries - 8.1 -

Lincoln Creek 8.6 - -
Ground Water Flow

{124 sq. mi.) 2.6 23,3 16,900
Upper Tributary Area i1. -

(60 sq. mi.)

Lincoln Creek Basin i2. -

(64 sq. mi.)

Water quality was monitored at each stream station and several

wells. Overall, the water was found to be fairly hard. Water

in the Lincoln Creek basin was found t¢ be very hard, with high
levels of sulfate and higher than normal temperatures. Streams
draining the Garden and Higham Peak area were found to be high

in turbidity.
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ROSS FORK BASIN

The Ross Fork Basin lies at the center of the Fort Hall Indian
Reservation. Two main tributaries, the North and South Forks,
drain much of the Mount Putnam area and join near Putnam Lodge.
The mouth of the basin is herein considered to be the Main Canal
erossing. The basin contains a total of 166.5 sqguare miles, of
which 160.1 (96%) lies within the reservation. .

For this study, a recording gage station was established con the
main stem of the Ross Fork in 1873, Monthly measurement stations
were also established on the North Fork at Farmer Ditch, the
South Fork below Mill Creek, and Mill Creek. Approximately ten
wells were monitored in the Buckskin Basin-South Fork area on a
monthly basis. Two water level recorders were maintained on two
abandoned irrigation wells in Buckskin Basin.

¢ 7
The avergge{;nnual streamflows for the study period are listed
in Table {3.' The total flow of Ross Fork at the gage during the
1976 water vear was 34.6 cfs. Several c¢fs are used by irriga-
tion in the minor unit above this gage. Below the gage, measure-
ments indicate beiween one and two ¢fs are lost from the creek
into the ground water. During the 1977 drought, the annual flow
of Ross Fork was 7.58 cfs, less than one quarter of the 1976 flow.
Part of this decrease was due to greater irrigation demand. The
creek at the gage reached zero discharge during September, 1877.
Increased precipitation in 1978 returned the flow to about half
of the 1876 flow.

Figure 2 shows the schematic representation of the Ross Fork
water budget. Table 4 lists the water bhudget components. The
TABLE &
ROSS FORK - WATER BUDGEY

Inches CFS Acre/Feet
Input - Precipitation 16.5 202. 146,500
Evapotranspiration - 11.5 141. 102,100
Total Runoff 5. 61.3 44,400
Surface Water Flow 2.8 34.6 - 25,000
Ground Water Flow 2.2 26.7 19,300
(166.5 sq. mi.)
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ground water generated by precipitation within the Ross Tork
basin is calculated at 26.7 cfs. The lower portion of the basin,
inecluding Buckskin Basin, is underiain by the Snake River aqui-
fer which transmits a very large quantity of water through this
area. The ground water from the Hoss Fork basin coniibutes to
this much larger flow. A great deal more than 26.7 cfs of ground
water is actualiy available from the lower basin.

Water guality in this basin is variable, depending primarily on
geologic conditions. Very hard water exists in some areas of

the metasedimentary rocks of the North Fork. This water supplies
gome springs in the vieinity of the Gay Mine. The majority of
the water in the South Fork and North Fork areas, however, has
normal levels of sulfate and hardness, with high iron concentra-
tions found in the Mount Putnzm area. The use of the surface
water in the minor unit increases dissolved solids and turbidity
in the lower channel. Ground water in the volcanic terrain of
the lower basin approximates the quality of the Snake Plain ground—
water.

UFPER PORTNEUF RIVER BASIN

The Portneuf River Basin contains 1,250 square miles upstream of
the Pocatello gaging station. Below Pocatello, the Portneuf
River becomes a part of the Snake Plain hydrologic system. A
total of 91.8 square miles of the basin lies within the Fort Hall
Indian Reservation, the majority lying upstream of the Portneuf
Reservoir. The lower basin is summarized in the Snake Plain
section.

A recording stream gage statioen was established on the upper
Portneuf River just upstream of the reservoir. Additional monthly
measurement staticns were established on Jeff Cabin Creek, Little
Toponce Creek and the North Fork Toponce Creek. The average annual
discharges for thse streams between 1974 and 18978 are listed in
Taple 5. The 1976 water year is used for the average flow of the
basin. The annual sireamflows during the 1977 drought were re-
duced to between one guarter and one half of normal. The increased
precipitation in 1878 returned the flows to normal levels without
the lag noted in other basins.

No measurements of ground water levels were made in the upper basin.
Studies adjacent to the reservation indicate the water table to be
near the valley floor around the Portneuf Reserveoir. This is con-
firmed by the presence of springs slong the river. In the upland
areas, ground water would be expected to exist in discontinucus
pockets, controlled by the rock type and structure. These pocketls
produce the scattered small springs at higher elevations.

—G—




TABLE &

UPPER PORTNEUF RIVER BASIN SURFACE WATER HYDROLOGY

Jeff Cabin | Portneuf River | North Fork- | Little Toponce | Portneuf River-
Creek Gage Toponce Cr. Creek Pebble
"Basin Area - sq. mi. 11.3 89.6 4.78 4.33 260
Water Year
1974 Mean Discharge
cfs - 18.6 - - 118
ac. ft/yr. 13,500 - - 85,400
inches - 2.8 - - 6.2
1975 Mean Discharge ’
cfs - - - - 113
ag, ftfyr. - - - - 81,800
inches - - - - 5.9
1876 Mean Discharge
cfs - 22.0 8.43 3.93 127
ac. ft/yr. 15,900 6,100 2,800 91,900
inches - 3.3 23.9 12.3 6.6
1977 Mean Discharge
cfs 1.37 8.94 1.75 0.92 -
ac, Tt/yr. 1,000 6,500 1,300 700 -
inches 1.6 1.4 5.0 2.9 -
1978 Mean Discharge-
cfs - 13.9 11.6 4.85 -
ac. ft/yr. - 10,100 8,400 3,500 -
inches - 2.1 32.9 15.2 -

10




The annual water budget for the basin was developed using the
1976 flow data. The components of the budget are listed
Table 6, and shown schematically in Fipure 3.

TABLE &
UPPER PORTNEUF RIVER WATER BUDGET

Inches CFS Acre/Feet
Input - Precipitation ig8. 132. 95,600
Evapotranspiration 12, 88. 63,700
Total Runoff 6. 44, 31,900
Surface Water Flow 4.7 34.4 24,900
Ground Water Flow 1.3 9.6 6,950
(99.6 Sg. Mi.)

Great variability in water quality was found among the stream
water in the basin. Very hard water flows from some springs,
such as Qeedup. This water is high in sulfate, hardness,
alkalinity, fiuoride, and temperature. In contrast, very soft
water flows in the Toponce Creeks that is primarily derived
from snowmelt. The Portneuf River has an intermediate quality,
reflecting the input of these various streams.

BANNOCK CREEK BASI:

The Bannock Creek basin occupies the southwest portiocn of the
reservation. The valley itself is known as Arbon Valley.
Bannock Creek flows north, and enters the American Falls Re-
servoir, ‘

Since 1824, the USGS has maintained a measuring station near

the mouth of Banncck Creek for the purpose of summer irrigation
measurements., They also maintain two low-flow stations, one on
Rattlesnake Creek and one on Bannock Creek beiow Moonshine Creek.

-11-
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For this study, two recording gage stations were established on
Bannock Creek. The upper station lies below the West Fork
tributary at the south end o¢f the reservation. The lower sta-
tion lies near the mouth. In addition, monthly measurement
stations were established on West Fork, Moonshine Creek, Rattle-
snake Creek at two locations, Midnight Creek, and Michaud Creek.
Four wells were monitored along the valley bottom, along with
several wells near the jurnction with the Snake Plain.

The average annual streamflows for the study period are shown

in Table 7. The 1976 water year is used as the average flow

vear for the water budget analysis. The total input of sur-

face water to the creek for that year was B8.5 cfs. This Fig-
ure is affected by irrigation both upstream and within the
reservation., Streamflow during the 1977 drought year was re-
duced to about half that of the previous year. Streamflow

showed some increase during the 1978 water year, with the notable
exceptions of West Fork and Moonshine Creek, which continue

to decline.

The water budget for the basin is shown schematically in Figure
4 and listed in Table 8. The calculated ground water flow is

TABLE 8

BANNOCK CREEK BASIN - WATER BUDGET

Inches CFS Acre/Feet

Input - Precipitation 18 548 396,500

Evapotranspiration 12 365 264,300

Total Runoff 6 183 132,200

Surface Water Flow 2.9 88.5 64,100

Ground Water Flow 3.1 94.5 68,400
(413 5q. mi.)

94.5 cfs., Lack of drilling information inhibits further analysis
of this flow. Much ground water probably flows through the

-153=-




TABLE 7

BANNOCK CREEK BASIN - SURFACE WATER HYDROLOGY

West Fork | Upper Bannock Cr. | Moonshine Rattlesnake Cr. | Midnight | Rattlesnake | Lower Bannock Cr. Michaud
Gage Creek East Creek Creek Gage Creek
Basin Area - sq. mi. 14.9 - 44,2 - - 79.6 413 11.6
Water Year
1974 Mean Flow
cfs . 15,6 32.3 5.23 - - 15.8 65 -
ac. ftlyr. 11,300 23,400 3,800 - - 11,400 47,100 -
inches 14.2 - 1.6 - - 2.7 2.1 -
1976 Mean Flow
cfs 21.9 36.5 7.13 10.7 2.92 17.8 75 2.08
ac. ft/yr. 15,500 26,400 5,200 7,760 2,100 12,900 54,300 1,500
inches 20.0 - 2.2 - - 3.0 2.5 2.4
1977 Mean Flow
cfs 12.3 18.9 6.35 6.70 0.86 3,49 47 0.81
ac. ft/yr. 8,900 13,700 4,600 4.900 600 6,900 34,060 600
inches 11.2 - 2.0 - - 1.6 1.5 0.09
1978 Mean Flow
cfs 9,46 19.5 5.25 9,24 1.74 11.8 49 0.66
ac. ft/yr. 6,800 14,160 3,800 6,700 1,300 8,500 35,500 500
inches 8.6 - 1.6 - - 2.0 1.6 0.08

1-141-»
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limestone and voleanic rock of the Deep Creek Range. Ground
water levels did not decrease during the 1977 drought, although
levels in 1978 were slightly lower.

Much of the ground water in the basin is relatively low in dis-
solved minerals in comparison with other upland areas in the
reservation. Only near the junciion with the Snake Plain is
higher mineralized water found, possibly due to gecthermal
activity. Surface water gquality, however, is impacted both

off and on the reservation by agricultural land use practices.
Both Bannock and Rattlesnake Creeks have higher than normal
levels of hardness, chloride, nutrients and turbidity.

SNAKE RIVER PLAIN

The Snake River Plain is a broad lava-filled structural depress-
ion tliat includes 178 square miles in the northwestern portion
of the reservation. Three areas of the reservation; Gibson
Terrace, Michaud Flats, and the Fort Hall Bottoms, comprise

the Snake Plain area. The foothill areas that drain directliy

to the Plain inelude an additionsl 91 sguare miles. The com-
bined Snake Plain and foothills area amounts to 33% of the
reservation.

The Snake Plain is crossed by the four major streams that drain
reservation lands. These are the Blackfoot River, Ross Fork,
the Portneuf River, and Bannock Creek. Within the Fort Hall.
Hottoms, a large ground water discharge produces a multitude of
springs that join the Snake and Portneuf Rivers. All water
draining from reservation lands ultimately enters the Bnake
River, which forms 2 portion of the reservation's northwest
border.

The USGS maintains three recording gaging stations on the Snake
River in the Fort Hall vicinity. Additional gages are operazted
on the lower reaches of the Blackfcot and Portneuf Rivers. Until
1578, the USGS also monitored eight sprimgs on the Fort Hall
Bottoms during the irrigaticn seasons.

For this study, nine monthly measurement stations were estabhli-
shed on the Bottoms Springs, providing some overliap with the
USGS measurements. Additional stations were operated on the
lower Portneuf River.

-16-
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The USGS has monitored four wells on this portion of the Snake
Plain since 1955. For this study, water level recorders were
operated on three additional wells. Also about 40 wells were
monitored on.a_monthly basis.

The spring discharge from the Botioms dominates the surface
water flow in this portion of the reservation. Table 9 lists
the mean flows of the major springs. The averages are based
on all available discharge information. Most springs were
found to maintain mean annual flows within ten per cent of
these averages.

TABLE ¢

Mean Flow of Major Springs on the Fort Halil Bottoms

cfs
Hatchery Springs 103
Ciggie Creek 263
Jeff Cabin Creek 21.1
Spring Lreek 4566
8ig Jimmy Creek 30.5
Clear Creek 134
Kinney Creek 28.1
Wide Lreek 57.4
Jimmy Drinks - East 163
Jimmy Drinks - West 35.4
Ross Fork 58.4

A water budget was developed that quantifies the spring discharge
from the Fort Hall Bottoms. This budget is listed in Table 10,
and illustrated schematically in Figure 5. The discharges used
represent the average flow conditiecns. This budget analysis
identified a total of 2,100 cfs that enters the Portneuf and
Snake Rivers in the Fort Hall Bottoms from both on and off
reservation sources. Of this, 1,820 cfs was identified as flow-
ing from reservation lands.

The ground water that discharges as spring flow in the Bottoms
first travels beneazth Gibson Terrace in the gravel and baszlt

=17 =
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TABLE 10. TFort Hall Bottoms Water Budget
A

7
Snake River Reach .
Hatchery Springs 103 cfs -
Diggie Creek .. 263 cfs-
Jeff Cabin Creek = 2l cfs ~

Unmeasured Inflow from Reservation 92 cfs

Total Reservation Flow 479 cfs

Portneuf River Reach

Flow of Portneuf River at Pocatello 270
Industrial Effiuents 18-
Batiste Spring 45-
Papoase Spring 75
Unmeasured Inflow-Pocatello to Siphon Rd.70-

Fiow at Siphon Rd. 478
Unmeasured Infiow-Siphon Rd. to

Tyhee Station 50 -

Flow at Tyhee Station {USGS) £28
Wide Creek 57
Jimmy Drinks Springs 138
Ross Fork {springflow portion} 55-

Clear Creek 134~
Unmeasured Inflow-Tyhee Station to
below Jimmy Drinks 170~

Flow at Station below Jimmy Drinks 1,082

Kinney Creek 28-
Spring Creek including Jimmy Creek 496"
Unmeasured Infiow-Jimmy Drinks to
Mouth 138-
Flow at Portneuf River Mouth 1,744
: ppan 0 S
Total Identified Gain to Rivers 2,100

Gain from Reservation Lands 1,820

cfs
cfs
cfs
cfs
cfs

cfs

cfs
cfs
cfs
cfs
¢cfs
cfs

cfs
cfs
cfs
cfs
cfs
cfs
¢cfs.

cfs.
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aquifer. The ground water flows in a general southwest direction,
entering the reservation as it crosses beneath the Blackfoot River.
A large portion of the flow enters upstream of Blackfoot, and
passes beneath the Gibson Butte area. This water continues in

the southwest direction, crosses beneath the Portneuf River and
flows west across Michaud Flats. A4 relatively small portion of
the ground water is not discharged as springflow, and leaves the
reservation along the western end of Michaud.

The water table of the main aguifer fluctuates between 4,440 and
4,460 feet near Blackfoot. It ranges between 4,410 and 4,420
feet in the Fort Hall Townsite area, and between 4,440 and 4,415
south of Ross Fork. TUnder the main portion of Michaud Flats, the
water table is maintained near 4,400 feet, [t decreases io the
west, and ranges between 4,340 and 4,370 at the western end of
Michaud.

Based on the water budgets develcoped for this report, it has been
determined that at least 1,410 e¢fs enters the reservation as
ground water flow in the Snake Plain aquifer. To this is added
560 .cfs within the reservation. This is derived from ground water
contributed by tributary basins, irrigation recharge, and pre-
cipitation recharge. Of this, 114 c¢fis is contributed by reserva-
tion lands. Thus, the total ground water flow is at least 1,970
cfs within the reservation. This flow may exceed 2,000 c¢fs. Of
this total, 1,820 cfs discharges in the Fort Hall Bottoms and
about 150 cfs is withdrawn for irrigation. The remainder leaves
the reservation as ground water at the downstream end.

The water quality of the Snazke Plain aguifer was found to be
fairly uniform over time and location. However, three instances
of water gquality degradation exist and are described in this
report. These are: Heavy metal contamination of the aquifer

in the Michaud area resultlncr rom wasSte disposal ponds at the

fWB‘ﬁhUEpﬁEtE‘p?ﬁEE%51ng plants; 2. Agricultura huild-
up in in perched water layers near Fort Hall, and 3. The presence

of ofganté” “EemldEIE:EEEE:EEZPEB_ln_LhE“EQ;toms SprﬁEE‘GZ?E?T
SUrface wateérs are usually mere susceptible to contamination

than ground waters. Both the Portneuf and Upper Snake Rivers are
clapssified by the EPA as too polluted to meet the federal water
quality goals for at least five years. Problems include bacteria,
turbidity, phosphate, dissolved oxygen, heavy metals and pesti-
cldes.
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METHODOLOGY

SURFACE WATER

All streamflow measurements were made with a small Price cur-
rent meter. This was either used in wading for smaller streams
or suspended by cable from a bridge or beat for the larger ri-
vers. For the five continucus water level recorders maintained
on the streams, the discharge measurements were used to provide
the rating curves for the station analyses. Two types. of hydro-
graphs were prepared for this report. The first simply shows
the individual measurements cbtained during the study, and iil-
ustrates the range and pattern of the discharge throughout the
yvear. The second shows the mean annual discharges for the
period of record, by water vears. These were constructed when
a sufficient amount of data was available, usually from USGS
records. All streamflow measurement stations are located on
Plate 1.

e b Ju‘w‘z 17

GROUND WATER

Well measurements were made by the wetted tape methcd, which
allowed an accuracy of .01 ft. The measurements were adjusted
to depth below land surface by subtracting any casing stickup.
Elevations of the wells were taken from the USGS 7% minute
series topographic maps of the reservation. In areas of high
relief, these elevations may be subject to some error.

The water level data 1s plotted to illustrate the depth to
water over time. A well that was pumping during the measurement
is indicated by a hachured block beneath the plotted point.

Al wells for which information was available are compiled in
Appendix A. Available well logs are compiled in Appendix B.

The individual water level measurements made in this study

that were not reduced to hydrograph form are listed in Appendix C.

Al monitored wells are located on Plate 1.

WATER QUALITY

During this study, numerous tests of water guality were made
on both surface and ground water. Analyses were made with a

-21-




Hach DR/E1-2 Spectrophotometer. An effort was also made to
coliect all existing data pertaining to reservation waters.
211 of the analyses made for this study are listed in Appen-
dix D. TFor the purpose of this report, the anaiyses at each
station were averaged topether to provide a rough mean. In
this report, the ground water of the Enake Plain, as exhibi-
ted by the Bottoms Springs, is considered as average quality.
Reference tc high or low values are made with respect to this
guality.

The parameters measured in this study were not chosen o
establish whether the water met current drinking water stand-
ards. BRather, they were chosen to illustrate the general
chemical character of the water with respect to dissolved
minerals and nutrients. It was felt that this would assist

in delineation of separate ground water bodies and flow paths,
while indicating areas with impacted or unusual guality. The
stations sampled for water qualiiy are located on Plate 1.

UNITS OF MEASUREMENT AND LOCATION CODE

In this report we have used standard U.S. measurements which
are in common current use by most water resources people.
Units of length are miles, feet, and inches. Units of area
are square miles, acres, and square feet. Units of volume are
cubic feet and U.85. gallons,; also acre-feet which is 1 foot
of water over 1 acre. Rate-of-flow measurements, according
to commonly used practice, usually are expressed in gallons
per minute {gpm) for ground water pumping, and cubic feet per
second {¢fs) for surface water flow. Larger flow quantities
are sometimes expressed as acre—-feet per day or per year
(AF/day, AF/yr.}. A few useful conversions are:

1 cfs = 450 gpm = 2 AF/day
1 AF/day = 0.5 cfs = 226 gpm
1 AF/yr. = 0.6 gpm

100 A¥/yr. = 62 gpm = 0.14 cfs

Precipitation is reported in inches and temperature in degrees
Fahrenheit (°F).

Locations, unless generalized, are reported by a code developed

.
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py the U.8. Geological Survey. 1The locations are referenced
to the township and range grid and the 36 separately numbered
sguare miles (sections) within a given township-range. To
subdivide each section, each successive gquarter is designated
"a, b, ¢, and d" as shown below: .

T
5

Location of example given below

As an example, the Episcopal Church at Fort Hall is in the

SW} of SW} of NW} of SEX of Section 36 in Township 48, Range 34E
of Boise Meridian. According to the code used here, the location
is more briefly deseribed as 43/34E-36dbcc. This description
narrows the area to 2% acres.

GEOLOGIC TIME SCALE
A generalized geologic time scale is listed in Table 11 to

provide a reference for the discussions of the reservation
geology.
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TABLE 11

GEOLOGIC TIME SCALE

DATES IN MILLION OF

PERIOD EPOCH YEARS BEFORE PRESENT
Quaternary Recent 0 - 10,000 yrs.
Pleistocene 10,000 - 1 mil. yrs.
Tertiary Pliocene i il
Miocene 11 - 25
(1igocene 25 - 40
Eccene 40 - 60
Paleocene 60 - 70
Cretaceous 70 - 135
Jurassic 135 - 180
Triassic 180 - 225
Permian 225 - 270
Carboniferous
Pennsyltvanian 270 - 310
Mississippian 310 - 350
Devonian 350 - 400
Silurian 400 - 440
Ordovician 440 - 500
Cambrian 500 - 660
Pre-Cambrian 600+
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CLIMATE AHD PRECIPITATION

Precipitation is monitored at four locations within the Fort
Hall Indian Reservation. The National Oceanic and Atmospheric
Administration (NOAA) maintains a weather station at the Poca-
tello Municipal Airport on Michaud Flats. Prior to 1838, this
station was located within the City of Pocatello. The yearly
precipitation totals are available from 1900 and are shown in
Figure 6. The average annual precipitation for the 1800-1977
period is 12.23 inches. However, the ecity site would be ex-
pected to receive slightly more precipitation than the air-
port site. The 1938 to 1977 average, while the station has
been located on Michaud, is 11.2 inches. Figure 7 shows the
monthly precipitation at the Pocatello Airport station for the
1871-1978 period. It shows that the precipitation is fairly
well distributed throughout the year, with July and August
usually the dry months.

A second station is located south of the City of Blackfoot
within the reservation. It is currently operated by the KBLI
radio station. This gage has been monitored since 1887, with
a few breaks in the record. The record is shown in Figure 8.
The mean annuyal pregipitation is 10.86 inches.

The BIA operates a rain gage located at the agency's offices

at Fort Hall. This has been operated since 1915, and indicates
an average of 10.35% inches of precipitation a year. This re-
cord is shown in Figure 9. It should be noted that the pre-
cipitation received here is usually less than that received in
Blackfoot. '"The Bureau also installed a rain gage near the Gay
Mine in 1963. The average annual precipitation. based on this
15 year record, is 15.56 inches. The record is shown in

Figure 10.

All of the records show similar trends in the annual precipi-
tation amounts. More recently, the decade of the 1950's de-
finitely received below average amounts of precipitation. The
vearly total amounts began to increase during the early 1860's,
and generally peaked around 1970. These higher amounts exceeded
140% of the average precipitation. Since 1871, the yearly
amounts have been declining, as shown by all stations. Table 12
lists the annual amounts of precipitation received at the four
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stations for the duration of this study. 1In 18973, during

which preliminary hydrologic measurements for this study be-
gan, the reservation received about 120% of the normal precip-
itation. The 1974 year was slightly below normal, with about
90% of the normal amount received. In 1975, during which the
intensive hydrologic monitoring was begun, the precipitation
received was slightly above normal at most stations., During
1976, the reservation received less precipitation than average,
although the Pocatello station was near normal. The drought
during the 1977 year resulted from only 80% of the normal pre-
cipitation being received. This information indicates that the
hydrologic data collected during the water years of 1975 and
1976 provide a good base for the average flow conditions of the
reservation. The 1977 water year dataz indicates the hydrologic
response to only 80% of the normal precipitation input.

Since the hydrologic system responds to the changes in the
amount of precipitation input it receives, the general decline
in precipitation during the 1970's sets a pattern that will in-
fluence the surface and ground water outputs. This pattern is
noted in numerous hydrographs presented in this report.

The engineering firm of Morrison-Maierle, Inc., prepared an
isopach map of the reservation area that shows the lines of egual
mean annual precipitation. The map was compiled using all exist-
ing precipitation data from both within and surrounding the
reservation. This map was used to determine the mean annual
precipitation received by each drainage basin within the reser-
vation. Table 13 lists these average precipitation amounts for
the respective basins.

An analysis of the rainfall-runoff relationship for this area
was made by Mundorff and others (1964). Figure 11 illustrates
the relationship between the total annual precipitation over the
basin and the total water yield from the basin. This water
vield includes both surface and ground water flow. The differ-
ence between the total water yield and the annual precipitatien
represents the evapotranspiration that occurs. Table 13 also
inciudes this distribution of the precipitation for each basin,
based on the Mundorff analysis. These figures are used in the
water budget analysis of each basin.
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TABLE 13

AVERAGE ANNUAL PRECIPITATION - FORT HALL DRAINAGE BASINS

Mean Annual Evapo- Total
Drainage Basins Precipitation | transpiration | Water Yield
{in inches) {in inches) (in inches)
Blackfoot River Basin 16 11.5 4.5
Ross Fork Basin 16.5 11.5 5.0
Upper Portneuf River Basin 18 12 6.0
Bannock Creek Basin 18 12 6.0
Foothiils 11 10 1.0
Snake River Plain 10.8 9.8 1.0
771 771 1 1 | | T T
S ~
Teton itwver g

WATER YIELD, IN INCHES OVER DRAINAGE AREA

Figure 11.-
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which flows generally northward toward the Blackfoot River. The
tributary, Cold Creek, originates in several springs near Higham
Peak on the east side of the hasin.

GECLOGY

The only geologic study of this area of the reservation was done
in 1913 by Mansfield (1920). The following description is a
summary of his findings.

The bedrock of the upper Basin and Range area of the Blackfoot
basin is composed primarily of Triassic and Jurassic marine
sedimentary rocks that have been folded and faulted into the
present mountain ranges. These rocks include sandstones, shales,
and limestones.

Within the reservation, rocks of this type occur in a ridge run-
ning in a northwest-southeast line that includes Garden Peak,
Bighan Peak, and Lincoln Pezk. This ridge separates the Lincoln
Creek basin from the other Blackfoot River tributaries. These
rocks underlie the upper parts of Deadman, Wood, and Garden Creck
basins. At lower elevations east of this ridge are Tertiary
voicanic rocks which include rhyolites, andesites, and tuffs.
These younger rocks overlie the clder sedimentary rocks in the
valley area. The Blackfoct River canyon itself, and the lower
parts of the ftributary basins within the reservation, are cut
into Quaternary basalt flows, which filled the ancestral Black-
foot River valley during the formation of the Snake River Plain.

The upland arez of Lincoln Creek basin is composed of a wide
variety of bedrock types. The eastern part of the basin, inclu-
ding the upper part of the Cold Creek basin, iz underiain by the
Jurassic and Triassic marine sedimentary rocks. Most of the small
springs, including Cold Creek, originate from these formations.
The central part of the basin, including Yandell Mountain, is
underlain primarily by a Pennsylvanian limestone. Yandell Springs
originate from this rock. Alsc in this area are cutcroppings of
the Permian phosphate shales. The southwestern part of the basin
is underlain by older limestones of Mississippian, QOrdovician,

and Cambrian age. The western edge of the basin is formed by a
line of hills composed of Tertiary rhyclites. This ridge includes
Stevens Peak and runs to the west of Chicken Flats and Sage Hen
Basin. The lower part of the basin is covered with alluvium and
voleanic sand, which obscures the contact between the older
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sedimentary rocks of the upper basin and the younger volcanie
basalts and rhyvolites.

he geclogy of the lower part of the Blackfoot Basin, where the
river flows across the Snake River Plain, is relatively simple.
Volecanic rocks, either Tertiary rhyelites in the Stevens Peak
area, or Quaternary basalts further downstream, underlie the
river channel. This rock is covered by varying thicknesses of
sand and gravel alluvium. The geology of this area is covered
more fully in the Snake Plain section of the report.

The log of one domestic well near the mouth of Lincoln Creek
indicates lava to be within 66 feet of the surface, although
some wells of greater depth in the area show no lava.

Much of the bedrock in the upper Blackfoot basin is covered

with a layer of unconsolidated rock fragments originating from
the weathered bedrock itself; or deposits of loess, a wind-
blown silt. Alluvium is usually deposited in low~lying areas

as fans or stream deposits. The loess usually covers the entire
surface, thinning at higher elevations and near steep slopes,
and ranging in thickness up to tens of feet.

HYDROLOGY
DATA SOURCES

On the Blackfoot River, the USGS maintains several recording gage
stations that are currently in operation. Upstream of the reserva-
tion, they maintain a station on the Blackfoot River above the
Blackfoot Reservoir (120630) and a station on the reservoir itself
(1306850). Along the reservation boundary, they operate two sta-—
tions on the river., The first is near Shelley (130660) and has
been operated intermittently since 1908. The second is near
Blackfoot (130685) which has been operated since 1913, They main-
tain no recording stations on any of the tributaries within the
reservation.

The BIA Irrigation Office has taken periocdic measurements of the
tributaries within the reservation since 1967; however, these
are usually only taken once a year during low flow and on an
intermittent basis.

For the purpose of this study, the tributary streams were monitored
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to determine the annual runoff from reservation lands. A re-
cording gage station was established on l.incoln Creek below Yan-
dell Springs in 1873. In addition, monthly measurement stations
were established in 1975 on Cold Creek, Garden Creek, Wood Creek,
Short Creek, Beaver (Creek, Deadman Creek and Deadman Spring. The
stations upstream of Garden Creelk were not measured during the
winter months due to azccess problems. Consequently, the mean
annual flows for these streams only reflect the latter spring
runoff and summer baseflow segment of the yearly cycle.

There is little information available on ground water in this
area of the reservation. The USGS monitors one well near the
Lincoln Creek basin and the edge of the Snake River Plain. It
is located in 25/36E-36cdd, and has been monitored since 1955.
For this study, three additional wells were monitored monthly.
Two are leoeated in the Lincoln Creek valley and one on the Snake
River Plzin.

Upstream of the Lineoln Creek hasin, no wells are known to exist.
There are & few stock wells in the upper elevations of Lincoln
Creek for which limited data is available. These have generally
been abandoned.

SURFACE WATER

Deadman Creek - Deoadman Spring

Deadman Creek is a small perennial tributary of the Blackfoot
River. It is the uppermost tributary of the Blackfoot that drains
reservation lands, and flows off the reservation before joining
the river. The hydrograph showiang the individual measurements

is shown in Figure 12. The mean annual discharges measured for
the 1876 and 1977 water years were (.72 cfs and 0.25 c¢fs respect-
ively. Measurements for the 1878 year average 0.31 cfs. Lack

of access during the winter months prohibited measurement of the
peazk flows; consequently the mean flows are probably low. During
the study, flows ranged between 0.1 and 1.3 cfs, with the lowest
flows occurring during the 1977 drought year. During years of
normal precipitation, the baseflow should remain near 0.3 cfs.

Deadman Spring's source is just inside the reservation line. It
contributes about 0.2 cfs to the flow of Deadman Spring, which it
joins after leaving the reservation. The flow continued through
1977, although at a reduced rate of about 0.1 cfs. The hydrograph
is shown in Figure 13.
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Beaver Creek

Beaver Creek is a small ephemeral stream that leaves the reserva-
tion and swings to re-enter just before joining the Blackfoot
River. During the study period, Beaver Creek only flowed after
the 1876 and 1978 spring runoff, at less than 0.2 cfs (Figure 14).
The stream quickly dried up after the runoff. Neo flow was noted
during 1977.

Short (reek

Short Creek, like Beaver Creek, iz a small creek that flows primar-
ily during spring runoff. It did maintain a flow of azbout 0.14 cfs
during 1976, but dried up during 1977 due to the lack of runoif.

No flow was noted during 1978. (See Figure 15).

Wood Creek

Wood Creek drains an area of 16.7 square miles, entirely within
the reservation, and flows ia a northeasterly direction to Jjoin
the Blackfoot River. The streamflow originates with several
scattered springs to the southeast of Higham Peak.

Flow measurements made during the 1976 water year indicate a mean
discharge of 5.87 cfs (Figure 16). Measurements were made only
during the summer and fz2ll due %o access limitations. During the
1977 water year, the mean flow was 2.4 c¢fs, with the lowest flow
recorded in October, 1977 of 1.5 c¢fs. Flow measurements made in
1978 indicate some improvement in haseflow, although still below
previous mean flows. The average for that water year was 1.99 cfs.

Garden Creek

Garden Creek drains a basin of 11.9 sqguare miles, all of which
lies within the reservation. The stream flows generally north-
west toward the Blackfoot River. The streamflow originates from
springs near the base of Garden Peak. No water is used for
irrigation within the basin; however, the stream empties into
the Littlw Indian Ditch when it enters the Snake Plain.

The surface runcff of this basin was found to be low in comparison
with the size of the basin. During the 1978 water year, the stream
averaged only 1.06 cfs, or 0.09 cfs/sqg. mile, This compates with
G.35 cfs/sq. mile for Wood Creek. During the 1977 water year,

the creek nearly dried up, averaging 0.36 cfs (Figure 17). The
baseflow showed some recovery during 1978, although no large spring
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runoff was evident. Average flow for the 1978 water year was
.17 cfs. The low surface yield of this basin may indicate
significant loss {0 ground water.

Lincoln Creek

Lincoln Creek is the largest tributary to the Blackfoot River
draining reservation lands. The entire basin incliudes 64.2
square miles. The upper reach of Lincoln Creek originates with
several small springs in the Box Spring area. This baseflow is
very small, and usually dries up before reaching the Yandell
Springs area. Yandell Springs are located near the center of
the basin, at the northern base of Yandell Mountain. This group
of springs provides the majority of the baseflow for the remain-
ing stretch of Lincoln Creek. Several irrigation ditches divert
water from the creek for use on the valley bottom lands. The
remaining flow at the valley mouth usually infiltrates into the
sand on the Snake Plain before reaching the Blackfoot River.

The recording gage is located downstream of Yandeil Springs. It
receives runoff from 32.3 square miles of basin. One irrigation
ditch withdraws water above the recorder. The hydrograph, showing
mean monthly flows, is shown in Figure 18. The baseflow of Lin-
coln Creek remains remarkably constant throughout the year. The
mean baseflows for the water years 1874, 1978, and 1977 were
7.45, 8.03 and 7.04 cfs respectively. The measurements made in
1978 indicate a mean flow of 6.56 cfs. The decline in 1977 and
1978 can be attributed to the drought, and indicates that the
aquifer supplying Yandell Springs is less responsive to seasonal
recharge variations than other aquifers.

Cold Creek

Cold Creek is the only perennial tributary of Lincoln Creek. It
originates with several small springs on the western slopes of
Higham Pezk and flows westerly, draining a valley of 6.2 sguare
miles. During the 1976 water year, the flow averaged 1.53 cfs,
with the late summer baseflow near 1.2 cfs {(Figure 19). This de-
creased during 1977 to an average flow of 0.90 cfs, with the
lowest flows near 0.50 c¢fs. Measurements made in 1978 indicate
some improvement in baseflow although no extended spring runoff
occurred as in 1976. Mean flow for the 1978 water year was 0.87
cfs; a decrease from 1977 due to the low flows prior to the
1978 runoff.
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The creek is used primarily for stock supplies along its course,
and empties into the main irrigation diversion in the Lincoln
Creek valley.

Blackfoot River

The upstream USGS gage on the Blackfoot River has been operated
since 1967 and is located several miles upstream of the Blackfoot
Reservoir. The mean annual flows at this station are shown in
Figure 20. The river at this point contains the highest discharges
per drainage areaz within the basin. This is due tc the relatively
high amounts of precipitation that fall on the mountair ranges in
this area. During the water years of 1974 to 1876 the river here
accounted for the eguivalent of between 7.4 and 8.4 inches of

water over the upstream basin.

The second USGS gage is located on the river near Shelley, down-
stream of the Blackfoot Reservoir. It lies between the Wood Creek
and Garden Creek basins. The station has been cperated inter-
mittently since 1909, but has only been re-established in 1875.
For the 18976 water year, the discharge per basin area was less
than at the upstream station. This decrease is due to evaporation
losses from the reservoir, less precipitation recharge in the
lower elevations of the basin, and possibly regulation of the
reservolr.

The downstream gage, near Blackfoot, is located near rerry Butte.
It records a lower average discharge than the Shelley gage, and

a much lower discharge per drainage area. This is due to the
withdrawal of water for the Fort Hall Irrigation System and possible
losses to ground water in the Snake Plain stretch of the river.
Before entering the Snake Plain, the Blackfoot River is a gaining
stream, where the elevation of the ground water table is above the
stream elevation, and tributaries drain this ground water into the
stream. When the Blackfoot flows over the Snake Plain, it is above
the water table. Conseqguently, the stream water can leak out of
the channel into the grouad. The average yvearly discharges near

~ Blackfoot are shown in Figure 21.

During the drought of 1977, the discharge of the upper Blackfoot
River above the reservoir was only about 33 per cent of the 1976
flow. The station near Shelley recorded almost 74 per cent of
the 1976 flow. This increase was due to stored water released
from the Blackfoot Reservoir. The gage at Blackfoot recorded
approximately 44 per cent of the 1976 fiow. It should be noted
that the 1976 average flow was one of the highest recorded con the
river.
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FIGURE 20. .
BLACKFOOT RIVER BASIN - BLACKFOOT RIVER chove reservoir {Us.6.5 NO.130630 )

Locgtion! 7S/ 42E i4ad Drainage arec. 350 sq. mi. Elevation. 6260 feet
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GROUNLD WATER

In the Blackfoot River bhasin, upstream ¢f Garden Creek, no wells
are known to exist within the reservation. The only available
information on the ground water resource is derived from the
surface hydrology and bedrock geology. Within the higher eleva-
tions of the basin, relatively small, discontinuous pockets of
ground water exist in the marine sedimentary rocks. These
aquifers, due to structural controls, discharge in springs that
provide the baseflow to the perennial streams such as Garden,
Wood and Deadman Creeks. The downstream portions of these basins
are generally composed of volcanic rock, which in some areas may
have good permeability. As no well information exists, know-
ledge of the water table conditions is limited. The creeks may
iose water in these voleanic areas, re-supplying the ground water,

In the Garden Creek basin, the stream flows over the Nugget Sand-
stone for almost iis entire length. Stream water loss into this
sandstone may account for the low annual flow at the mouth. The
ground water in these areas probably discharges directly into

the Biackfoot River; or in the case of the Garden Creek basin,
into the Snake Plain agquifer.

Four wells were monitored downstream of Garden Creek during this
study. A stock well, located at 28/38E-36¢dd has been monitored
by the UBSGS since 1955, This well penetrates into the Nugget
Sandstone. The record on the well (Figure 22) shows no signifi-
cant water level changes since 19535, It exhibits z slight seasonal
variation of between one half and one foot, with the low cycle
occurring during the spring. The total variation has been within
three feet throughout its history. The elevation of the water
table here is usually near 4,560 feet. This is probably conti-
nuous with the water table beneath the Blackfoot River in this
area.

An irrigation well, located upstream near the Biackfoot River at
28/37E-18aa, exhibits a large seasonal variation (Figure 23).

No drilling information is known about the well, although it is
probably fairly deep, penetrating the Snake Plain aguifer. The
seasonal cycle, not including the pumping drawdowns, varies up

to 20 feet, with lows during the springs. The increase during

the summer months is consistent with the Spake Plain wells in

the vicinity, and is due to recharge by surface irrigation and
stream water. A second well on the Snake Plain, located at 3S8/38E-
2dba, also exhibits a significant seasonal variation (Figure 24),
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although only about four feet. It is reported to be fairly
shallow, and probably penetrates the alluvial sediments at
the Lincoln Creek - Snake Plain junction.

The fourth well monitored, 3S5/36E-25adc, lies in the Lincoln
Creek valliey at the Creasy Ranch. It is reported to be about
100 feet deep. Since 1975, the static level shows a slight
increase, with slightly higher levels cccurring during the
summer months (Figure 258). The water table here is near the
4,747 foot elevation, considerably higher than the Snake Plain
water table.

Due to the lack of sufficient water table elevation data, the
flow direction of the ground water is difficult to define,
particularly upstream of Garden Creek. However, it is probable
that the ground water in the individual basins generally follows
the surface water drainages. In the Lincoln Creek valliey, the
ground water seems to follow the course of the creek, in a
northerly direction. The results from our monitoring agree
favorably with the conditions depicted by West and Kilburn (1963,
Piate 1) for the valley. The water table is at a fairly shallow
depth in the valley bottom, usually less than twenty feet to water.
In some lower areas of the valley, the water table is at the sur-~
face. This provides some inflow to Lincoln Creek in the down-
stream aresa.

In the higher elevations of the Lincoln Creek basin, the depth

o water will depend on the elevation and geolcogic setting. In
the stock wells in the uplands, water levels range between 50 and
310 feet, with most levels near 200 feet. Elevations of the
water table range between 4,875 and 5,260 feet,

WATER BUDGET

Reservation lands within the Blackfoot River basin account for

124 square miles. This area receives approximately 16 inches of
precipitation annually, ranging from near 10 inches on the Snake
Plain to over 20 inches near the Lincoln Peak area. Based on

the analysis by Mundorff and others (1964), this would yield an
equivalent of 4.3 inches of runoff, or 41.1 c¢fs (29,760 acre feet/
vear). Flow measurements for the tributary creeks to the Blackifoot
River from this area during the 1976 water year accounts for 17.7
c¢fs, or aimost half of the total runoff. This indicates that an
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additional 23.3 cis (16,869 acre feet/year) leaves the basin as
ground water flow, either to the Blackfoot River or the Snake
Piain aquifer.

In the upper Linceln Creek basin, upstream of the recording gage,
the basin receives an average of 17 inches of precipitation,
yielding about 5.3 inches of runoff, or 12.6 cfs. The surface
fiow of the basin accounts for approximateiy 8.0 cfs vearly,
leaving approximately 4.3 c¢fs (3,250 acre feet/year) as valley
“underflow. This underflow would increase to approximately .12 cis
near the mouth of Lincoln Creek, due to subsurface runoff from
the downstream half of the basin,

West and Kilburn (1963) estimate the recharge to the Lincoln Creek
bzsin to be 20,000 acre feet/year (27.5 cfs), slightly higher

thar the 15,800 acre feet derived from this analysis., They con-
clude that 25 per cent, or 5,000 acre feet could be utiligzed for
irrigation. However, this would probably require a relatively
large number of wells, with large drawdowns. This activity could
result in a reduced flow in Lincoln Creek,

WATER QUALITY
SURFACE WATER QUALITY
Table 14 lists the averaged chemical quality of the streams sampled
in the upper Blackfoot River area. Each stream is discussed below.
The individual chemical analyses are listed in Appendix D.

Deadman Creek - Deadman Spring

Deadman Creek water quality is fairly representative of the Bleck-
foot drainage from the reservation. Generally, it is slightly

less mineralized than the Bottoms Springs water, and maintains a
fairly uniform gquality throughout the year. One notable character-
istic is a higher than normal turbidity level.

The spring originates near the reservation line, and is less
mineralized than the creek water. It also maintains unform quality
over time.

Beaver Creek - Short Creek

These two creeks are both ephemeral tributaries to the Blackfoot
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River, primarily flowing during the snowmelt seascn. The chemistry
of both streams is similar. They are significantly less mineral-
alized than the perennial tributaries in the area, particularly
with respect to hardness and sulfate. Short Creek, which usually
maintains its flow later into the summer, exhibited a fairly uni-
form gquality over time.

Wood Creek

Wood Creek has a very uniform chemical character, similar to Dead-
man Creek. This similarity is probably due to the fact that both
streams drain the same bedrock strata, possibly the same agquifer.
The parameters measured varied little throughout the year =lthough
some dilution probably occurs during spring runcff. No increase
was noted during the lower flows associated with the 1877 drought.
Turbidity levels were noted to be higher than normal.

Garden Creek

Garden Creek water was found to be slighily more mineralized than
the other tributaries to the upper Blackfoot River, and fairly
similar to the Bottoms Springs water. The quality remained uni-
form throughout the year; the only change occurred druing the
spring snowmeli period then most parameters are diluted. Garden
Creek was found to contain some of the highest turbidity levels
fournd on non-flooding streams on the reservation.

Lincoln Creek

Average chemical analyses of the Lincoln Creek basin surface waters
are shown in Table 15.

Box Spring is located in 45/38E-6 and was sampled as it
approached the Gay Mine ares. It appears to be impounded
there, Flow was estimated at only a few tenths of a cfs.
The water was of good quality, being only slightly more
mineralized than the Bottoms water.

Lincoln Creek - Dry Hollow Road - Above Yandell Springs,
Lincoln Creek is formed by the flow of several small springs
west of Box Spring. The flow was visually estimated at only
a2 few tenths of a cfs, and was sampled at the Dry Hollow
Road crossing at 48/37E-3. The water here is very mineral-
ized, with high levels of chloride, sulfate, and hardness.

Lincoln Springs 1 and 2 - These two small springs enter
Lincoln Creek from the cast side of the valley east of Yan-
dell Springs. Both are very small and are used primarily

for stock water. Both are similar in chemistry to Box Spring.
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Yandell Springs - This group is located in 35/37E-31db, at
the base of Yandell Mountain. The flow comprises almost
the entire baseflow of Lincoln Creek. The spring flow is
composed of at least four separate springs, each of which
has a unique chemical charazcter. The temperatures range
from 689F to 889F, with the degree of mineralization in-
creasing with temperature. The three distinguishing
characteristics are the high sulfate, fluoride, and hard-
ness levels.” BSamples tested by the State of Idaho showed
very low levels of trace metals.

Lincoln Creek - The water guality of Lincoln Creek was
monitored at the automatic recording gage, downstream of
Yandell Springs, 7The water here is contributed entirely
by Yandell Springs, except during the spring snowmelt
period. The concentration of minerals showed some varia-~
tion over the year, with higher wvalues occurring during
the summer months. It 15 not known whether this is due
to annual variations in the spring water itself, or to
increased evaporation and irrigation during the summer.

Cold Creek is the major tributary of Lincoln Creek and
was monitored above the Lincoln Creek Road at the stream
measuring site. The water is of good quality with much
lower mineral concentrations than Lincoln Creek. The
quality more closely resembles the Bottoms Springs water.
The levels of dissclvad minerals remained fairly constant
throughout the year, with some diluticen occurring during
spring runcff. This gtream alsc exhibits a higher than
normal turbidity throughout the year.

Lincoln Creek - Mouth - Near the mouth of Lincoln Creek
the water exhibits higher concentrations of dissolved
minerals than at Yandell Springs. Insufficient testing
was done to delineate any seasonal variations or effects
due to irrigation. No large inflows of spring water
enter the creek below Cold Creek, so increased concentra-
tions may be due to evaporation of the warm stream water.
The increases are predominately in sulfate and hardness
concentrations.

Blackfoot River - This river has been monitored by the

USGS at Blackfoot since 1951 and above the Blackfoot
Beservoir since 1959. It was also monitored in 1974




IV VYV VvW.v W v

by the U.S. Enviroanmental Protection Agency (EPA) as part
of an irrigation water gquality program. Conseguently,
little chemical sampling was done on the river itselfl as
a part of this study.

To summarize the findings of Laird (1964), the river water
is of the calcium bicarbonate type, with the magnesium
concentration increasing below the reservoir in the down~
stream direction., Overall, the river maintains a fairly
uniform guality below the reservoir., The findings of this
study compare favorably with the existing data. .

GROUND WATER QUALITY

Several analyses of ground water were taken from wells in the
Lincoln Creek valley and indicate that the ground water chemistry
is fairly similar to that ¢f Lincoln Creek (Table 16). Three wells
in the upper portion of the valiey (38/36E-13ca, l14ab, and 25adce)
have similar quality to that of YVandell Springs, having high levels
0of hardness and sulfate. The well depths are reported to be around
100 feet, and withdraw water from the unconsolidated sediments

that fill the valley.

The wells near the mouth of Lincolp Creek (38/36E-2¢s, 2dba, and
2ade) are reported to be shallower, and discharge water similar

in guality to the lower Lincoln Creek. This water is very high

in hardness, sulfate flucride, ammonia and ircn. Some of the
levels found exceed current drinking water standards. The high
levels appear for the most part to he naturally occurring. It is
recommended that the Tribe investigate the feasibility of providing
better quality water sources for the domestic users in this area.

SUMMARY

The ground water that discharges as spring flow in the Blackfoot
Basin area of the reservation appears to be of three types, based
on degree of mineralization. The first type, only moderately hard
with very low sulfate levels, is evident in Beaver and Short Creeks.
These are ephemeral streams very dependent on snowmelt which runs
off before accumulating a large amount of dissolved material. The
second type is classified as hard, and is exemplified by the
majority of perennial streams in this area such as Wood and Celd
Creeks. These streams drain the Triassic and Jurassic aged
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sedimentary rocks that form the Garden Peak - Higham Peak -
Liincoln Peak ridge. This water coantains approximately 200 to
250 mg/l hardness and 20 mg/l sulfate.

The third type is classified as very hard, and is evident in
Yandell Springs and the upper Lincoln Creek ares, This water
seems Lo be associated with the Pennsylvanian aged Wells Forma-—
tion. In the Yandell Springs, the water is warm, up to BBOF,
The hardness ranges between 350 and 500 mg/l, and the sulfate
between 120 and 320 mg/l. This aquifer, asscociated with the
Phosphorio Formation, may be responsible for many of the very
mineralized springs in the Gay Mine area.

The Garden Peak - Higham Peak area wis found to have significantly
higher than normal turbidity ievels in the creeks draining the
area. These are Celd, Garden, Wood, and Deadman Creeks. It is
not known whether this is due to over-grazing, beaver activity

in the streams, or geologic conditions, although 2ll are probably
a factor to scme degree. One contributing factor found in Garden
Creek was a small landslide, apparently caused by irrigation of
the adjacent benchland. The slide blocked the stream, resulting
in a turbidity increase from 27 to 800 FIU's.

Studies by the State of Idaho have identified factors that
currently degrade the guality of the Blackfoot River main stem.
Upstream of the Blackfoot Reservoir, turbidity is the main problem,
resulting from non-point sources. This is curreantly contributed
primarily by agricultural activities in the basin, but co.ld be
increased if phosphate mining operations are increased in this
area. DBelow the Blackfoot Heservoir, nutrients and occasionally
bacteria, zlong with turbidity, maintain problem levels.
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ROSS FORK BASIN

BASIN DESCRIPTION

The Ross Fork basin lies at the center of the Fort Hall Indian
Reservation. It is composed of two main tributaries, the North
Fork and the South Fork. The North Fork begins at several
springs located northeast of Mt. Putnam. It flows west, through
the Narrows, and joins with the South Fork ia 45/36E-31, just
north of Putnam Lodge.

The 8outh Fork begins at the scuthern reservation boundary at
the base of Moonlight Mountain, which lies off the reservation.
Its flow is augmented by several perennial tributaries, includ~
ing Sawmill Creek, Thirty Day Creek and Mill Creek. The South
Fork flows northward, with Mt. Putnam to the east and the Poca-
tello Range to the west, until it joins the North Fork.

The combined flow continues in a westerly direction, crossing
the southern edge of Buckskin Basin, and enters the Snake River
Plain where it crosses the Main Canal. It then continues its
westerly course across (ibson Terrazce and enters the Fort Hall
Bottoms where it combines with Clear Creek before entering the
Portneuf River.

GEQLOGY

The geclogy of the North Fork basin -is similar to the other ba-
sins in the eastern part of the reservation. The Ordovician

and Cambrian quartzites, dolomites, and limestones dominate the
Mt. Putnam area in the scuthern portion of the basin. These
rocks form the ridge externding north from Mt. Putnam that joins
a ridge of Tertiary volcanic rock dividing Lincoln Creek basin
from Buckskin Basin. The northeast part of the North Fork basin
is underlain by the Triassic and Carboniferous limestones and
shales that include the phosphate ore.

The South Fork Ross Fork valley lies between the Pocatello Range
to the west and the Portneuf Range (Mt. Putnam) to the east.

The Pocatello Range, including Mocnlight Mountain, is underlain
by Precambrian guartzites and limestones, similar to the rocks
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of Mt. Putnam. This rock type is exposed ncorthward to the
Pocatello Creek Valley on the west side of the range, and ex-
tending just into the reservation on the east. North of that
line, most rocks are younger Tertiary and Quaternary volcanice
rocks of the Starlight Formation. Some clder sedimentary rocks
are also present in this area.

Large alluvial fans have developed from the flanks of the moun-
tair ranges in this valiey. Drilling of the deep irrigation
wells have shown the alluvium extends to at least 800 feet be-
low the valley bottom. A geologic cross section of the South
Fork valley and Buckskin Basin is shown in Figure 26. It shows
a basalt lava flow that extends partially up the valley. This
flow is apparently an extension of the Pleistocene basalt asso-
ciated with the Buckskin Basin and Snake Plain. Older volecanic
rhyolite and ash was found below this basalt, as shown on the
cross section. This rhyolite was found to be very discontinuous,
either due to faulting or erosion. Ross Fork basin below the
confluence of the two forks is underlain by Quaternary basalt
associated with the Snake Plain volecaniecs. These basalts c¢rop
out along the creek at the north end of the Pocatello Range.

The thickness of the basalt in this area is not known. The area
to the north of the creek is Buckskin RBasin, which is bounded on
the north by the Tertiary volcanics near Sievens Peak, and on
the northwest by Gibson Butte, a large basaltic caldera. Buck-
skin Basin itself is underlain by the basalt to an unknown depth,
although it appears to thin out as it overlaps the older sedimen-
tary rocks to the east. The basalt is overlain by approximately
50 to 80 feet of unconsolidated material.

HYDROLGGY
DATA SOURCES

The USGS maintains one miscellansous station on Ross Fork
(130759.6), just above its confluence with Clear Creek. This sta~
tion is measured only during the irrigation season as part of

the inflow studies for American Falls Reservoir. Measurements
have been taken since 1924.

The BIA Irrigation Office periodically measures Ross Fork upstream
of the Fort Hall Main Canal Crossing.

For this inventory, a recording gage was established in 1973 on
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Ross Fork above the Main Canal crossing at 4S5/35E-35za. In
addition, monthly measurement stations were established at the
USGS station near the mouth,; below the Main Canal crossing, on
the North Fork above the Minor Unit Irrigation System, and on
the South Fork. 4n additional station was later established on
Mill Creek, a tributary to the South Fork.

No wells have been monitored on a continuous basis by the USGS
in the Ross Fork area. A canvass of water levels was made by
the USGS in 1855 for the study by West and Kilburn (1963). This
included about ten wells in the South Fork - Buckskin Basin area.
No wells are known to exist in the North Fork basin, other than
those drilled as part of the Gay Mine operation.

For this study, approximately ten wells were monitored in the
Buckskin Basin-South Fork basin area on a monthly basis. Also
two water level recorders were maintained on wells in Bueckskin
Basin. Additional ground water investigation of the upper Ross
Fork area was conducted in 1977-1878 for the drought relief
project. This is discussed by Dow and Balmer (1978).

SURFACE WATEER

North Fork - Ross Fork

The North Fork criginates with the flow of Big Spring and Con-
tact Spring, located to the northeast of Mt. Putnam. It drains
the north and east slopes of Mt. Putnam, along with the scuthern
portion of the Gay Mine area and the Lone Pine Canyon area. The
stream has eroded through the bedrock north of Mt. Putnam to

form the Narrows, and joins with the South Fork of Ross TFork prior
to entering the Buckskin Basin area.

Several irrigation ditches remove water from the creek for the
Ross Fork Minor Unit. The uppermcst i{s Farmer Ditch, which re-
moves water just west of the Narrows. Flow measurements were
made just upstream of this ditch (Figure 27), with additional
measurements below the ditch {(Figure 28).

Measurements made during the 1976 water year indicate a mean flow
of i3.6 efs. Summer baseflows during this period were maintained
between five and ten cfs. The lack of runoff and recharge during
1977 reduced this baseflow to near 1.0 cfs. The mean flow for
that water year was only 4.45 cfs. The return to near normal pre-
cipitation in 1978 resulted in increased baseflow and spring
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runcff. However, the annual flow for that year was oniy 6.31
¢fs, due to the drought effects in early 197Y8. Measurements
indicate between 0.3 and 1.3 cfs annually is diverted to Farmer
Diteh.

South Fork - Ross Fork

The South Fork originates near Moonlight Mountain and receives
tributary flow within the reservation from Sawmill Creek,
Thirty Day Creek, Barciay Creek and Mill Creek. The flow mea-
Surements were made on the South Fork below these tributaries
and above the Evening Ditch turnout., During the irrigation
season Mill Creek is diverted intc Smoke Ditch rather than the
South Fork. Conseguently, periodic measurements were made on
Mill Creek during 1977.

The mean flow for the 197§ water year for the South Fork was
20.1 cfs, with summer baseflows near 10 cfs (Figure 28). This
summer flow does not include Mill Creek. Very little runoff
occurred during the spring of 1977, and the baseflow dropped to
0.3 cfs, averaging 4.88 ¢fs for the water year. The mean base-
fiow for Mill Creek while diverted to Smoke Ditch was 1.82 cfs
during 1977 (Figure 30). Significant runoff dig occur during
1878, with flows comparable to those of the 1978 water year.
The annual flow for the 1978 water year averaged 16.3 cfs.

Ross Fork

The North and South Forks of Ross Fork join about a half mile
northwest of Putnam Lodge. 1In this ares the streams also re-—
ceive irrigation return flow from the Ross Fork Minor Unit. Be-
low this Junction, the stream enters the volecanic terrain of
Buckskin Basin. The recording gage was established in 48/35E-35¢ca,
in the narrow valiey cut into the basalt by the creek. Hoss Fork
continues through the voleanic hills and flows onto the Snake
River Plain approximately 3.5 miles downstream from the gage.

The mean annual flow of Ross Fork at the page for the 1974 and
1976 water years was 23.6 and 34.6 c¢s respectively. The hydro-
graph, indicating mean monthly flows, is shown in Figure 31.

The summer baseflow in this ares is usually reduced to 2 ecfs by
upstream irrigation. During 1977, no spring flood occurred, with
the mean flow recorded at 7.58 cfs, The stream reached zero dis-
charge by September, 1977. Extremely low flows lasted until
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January, 1978. The spring runoff flows during 1978 were lower
than in previous years due to much of the snowmelt recharging
the dry soil. However, the baseflow showed some increase over
the previous year. The average flow for the 1978 water year
was 16.9 cfs.

No flow measurements were made on the Minor Unit irrigation )
system in Ross Fork. Common practice is to use all of the water
provided by the Neorth and South Forks, particularly in late sum=-
mer. Some return flow does enter the stream at the lower end

of the system, and combines with a small amount of spring flow
in that area to provide some flow downstream of the Minor Unit
during late summer.

In the Buckskin Basin area, the stream receives no ground water
inflow as the water table drops below the channel elevation.
The stream would be expected to lose water in this reach, par-
ticularly while flowing over the exposed hasalt bedroeck. Due
to the irrigation activity in the minor unit, some of which
occurs throughout the year, noc conclusion can be made regarding
any stream loss above the recording gage. In the stretech below
the gage to the Main Canal, however, measurements indicate a
loss of bhetween one and two cfs. This water is recharged into
the basalt aquifer.

As Ross Fork crosses the Main Canal, the stream enters the Snake
River Plain. Downstream of this peint, the stream flow becomes

a function of both the Fort Hall Irrigation System and the

ground water inflow in the Fort Hall Bottoms area. For this rea-
son the Ross Fork basin is considered to end at the Main Canal
crossing. The Gibson Terrace stretch is discussed in the Snake
River Plain hydrology section.

GROUND WATER

The Hoss Fork basin contains three distinet sub-basins, each
having different geologic characteristics. The North Fork,
which drains the mountainous ares north and east of Mt. Putnam,
contains a variety of bedrock types, including quartzites,
limestones, and shales. The South Fork drains a broad valley
separating the metasedimentary rocks of the Mt. Putnam area
from the more recent voicanic hilis to the west. The third
area is the volcanic terrain of Buckskin Basin and the hills
to the south that dominate the downstream portion of the Ross
Fork basin.
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In the North Fork, bedrock is usually close to the surface.
The terrain is generally of high relief, with little develop-
ment of broad valleys representative of the South Fork. The
bedrock types and structural relationships are the main con-
trols of the ground water flcocw. Very few wells exist in the
basin. A few were drilled in conjunction with the phosphate
mining operations, but have little available drilling infor-
mation. Only a few domestic wells near the South Fork basin
have available information. Much of the annual precipitation
recharge in the basin drains toward the Danielson Basin and
Twitchel Meadows. Here the water surfaces as springflow to
provide the baseflow of the North Fork. It is believed that
most of the ground water in the alluvium is forced to the
surface, due to the bedrock controls in the Narrows and Lone
Pine Canyon. Ground water that enters the bedrock may flow
northwest directly into the Buckskin Basin volecanies. The
bedrock east of the Buckskin Basin is predominately limestcne
which could cénduct appreciable guantities of water.

In the valley downstream of the Lone Pine Canyon, the ground
water is confined under sufficient pressure to cause wells

to flow. These wells are drilled into the valley alluvium,

which exceeds 500 feet in depth. A well drilled at 48/386E-33caa,
under the drought relief program, flows 21 gpm. The specific
capacity, however, was found to be only 1 gpm/foot of drawdown.
The Truchot domestic well is also reported to have flowed dur-
ing drilling. This water probably flows from the hillis to the
north and south of the creek, where precipitation enters the
aliuvial fan deposits ané flows toward the valley.

The South Fork wvalley contains a thick sequence of sediments
which exceed 800 feet in places. The volcanic tuffs, rhyolites,
and basalts forming the terrain to the west and north inter-
finger with these valley fill sediments at various depths, as
shown in Figure 26. The bedrock forming the Mt. Putnam area

to the east is predominately quartzite, which is generally con-
sidered to yield only small amounts of ground water. To the
west of the valley are hillis composed of rhyolite, basalt, and
limestone, which may contain larger quantities.

Two aguifers have been identified in the valley, both having a
northeriy water flow. The upper aquifer's water table is that
depicted by West and Kilburn (1963, Piate 1). It is generally
at a shallow depth and interconnects with the surface drainage,
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providing spring flow to the creeks. This aquifer is tapped
by the older, shallow wells in the basin. In the lower part
of the basin, the water appears perched on the subsurface
basalt flow that extends into the valley.

The second aquifer lies deeper, with a water table approximately
150 feet beneath the valley bottom. The water flows through the
lower basalt and underlying sand and gravel zones, and drains
into the main basalt aquifer beneath Buckskin Basin. This
aquifer is tapped by the deeper domestic wells in the basin.

It provides no flow for the surface drainages in the area, and
is recharged by the infiltrating snowmelt water and leakage

from the upper aquifer,

Two wells in the valley that tap the upper aquifer were monitored
monthly. Their hydrographs are shown in Figures 32 and 353.

Both exhibit decreasing water levels during 1977, probably in
response to the drought conditions. However, the total varia-
tions were within two feet in both wells. Figure 34 illustrates
the hydrograph of a domestic well in 358/38E-17bbdd, which taps
the lower aquifer. It alsc exhibits no large seasonal variations.
The general decline is due to decreased recharge in 1977. Wells
drilled into this lower aquifer during the drought relief program
of 1977 were found capable of yielding approximately 200 gpm.
Specific capacities were found to be near 3 gpm/foot of drawdown
(Dow and Balmer, 1878). This was insuffcient for irrigation
supplies, however should assure sufficient domestic and stock
water supplies in the future.

The volcanic terrain of the lower basin contains no perennial
surface drainage, except for the Ross Fork channel., Most of

the precipitation not evaporated enters directly into the

ground water system. The main aquifer in the lower basin occurs

irn the basalt, with the water table lying approximately 220 feet -
beneath the surface of Buckskin Basin. It is this aquifer that

is tapped for irrigaticn water in the Buckskin area. The water
table here is contiguous with the Snake Plain aquifer water table
to the north and west. The ground water was found to flow
generally west, toward Fort Hall.

It is apparent that relatively little of this water is contributed
from the North or South Fork valleys. The only possible source

of this water appears to be from the Snake Plain aquifer to the
northeast of the basin. Previous studies have assumed that the
Snake Plain aquifer east of Blackfoot ends near the Blackfoot
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River. It appears, instead, to extend south benezth the vol-
canic uplands cof lower Lincoln Creek and Ross Fork Creek ba-
sins. The ground water is believed to flow beneath the Black-
foot River west of Lincoln Creek, travelling in & southwest
" direction. It would pass beneath the Chicken Flats and Stephen
Peak areas to enter the Buckskin Basin area. The rock in the
area northeast of Buckskin Basin is predominately Tertiary
rhyolite which is older than the Snake River basalt and usually
" less permeable. The Buckskin Basin, and Gibson Butte to the
north, is underlain by the more recent basalt flows., This
area may have been the source of the flows beneath the Gibson
Terrace.

Several wells provided reascnably good records in the lower
basin area. Two automatic water level recorders were operated
on abandoned wells in Buckskin Basin. Two additionzal wells
there were monitored monthly. Three wells dowastream of the
basin were also monitored monthly.

The wells in Buckskin Basin generzlly did not exhibit the

typical seasonal variations found in other Snake Plain wells to
the northwest. This may be due to the basin being relatively
isolated from surface water irrigation sysiems. The record of

well 45/36E~20bchbd, near the scutheastern edge of the basin,
exhibits a slight seascnal cycle of less than one foot (Figure 35).
It alsc exhibits a steady decline of approximately one foot per
year since 1973. This decline is similar to conditions found

on the Gibson Terrace, although of a somewhat greater magnitude,
and is due to the general decline in precipitation amounts since
1971. The well was abandoned as inadequate for irrigation sup-
plies. It does penetrate the basalt, which at this area lies above
the water table, and withdraws water from the ¢older underlying
sedimeantary rock. Thus the decline probably represents reduced
recharge from the Ross Fork basin to the east.

The abandoned well at 45/36E-30bbde is believed to no longer re-
present the main aguifer. The static level remained remarkably
constant (Figure 36), at approximately 30 feet above the regional
water table. This level may represent a perched water system

or signify some sealing of the lower aquifer.

The stock well located at 43/35E-12bddd (Figure 37) exhibits a
static level comparable with the Snake aquifer. However, it also
exhibits a somewhat erratic pattern. During the iatter part of
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1977, no readings could be obtained. This may indicate a dry-
ing up of the well, which was originally drilled to 280 feet,
0r an cbstruction in the well.

The remaining well monitored, 48/35E-24cacd, was the only pro-
duction well suited for observation. Unfortunately, the other
production wells lacked good access. The access to this well
also became obstructed in 1976. The record (Figure 38) pPro-—
vides little information on szasonal variation or general
trends, although an increasing water table is indicated prior
te 1976. It was found that drawdowns during pumping were only
about 20 feet.

Downstream of Buckskin Basin, two wells near the Ross Fork chan-
nel were monitored (43/35E-33db and 4S/35E-34cab). Both are

250 feet deep and have static levels somewhat higher than the
main aquifer %o the northk. This is believed due to recharge
from the hills to the south and from stream flow loss in Ross
Fork. Also, the Snake Plain aquifer may pinch out in this area
as it abuts against the headlands. A third well, just north

of the basin divide ir 48/35E-28acas (Figure 39) is believed
drilled into the basalt and exhibits a marked seasonal varia-
tion, totaling about six feet, which matches Snake Plain aqui-
fer wells on the adjacent Gibson Terrace.

WATER BUDGET

The entire Ross Fork basin, ending at the Fort Hall Main Canal,
contains 167 square miles., The mean annual precipitation for

the entire basin is considered to be 16.5 inches, which pro-

vides for approximately five inches of total water vield, or

61.3 cfs (44,400 acre ft/year). The surface water yield for =
the basin is 34.86 cfs at the gage. Of the remaining 26.7 cfs gt
designated as ground water, the majority, or approximately

20 cis, would be generated by precipitation on the North and

South Fork basins. The remaining 6.7 cfs would be contributed

from the lower basin. It is estimated that approximately 11,200
acre feet of ground water (15.5 cfs) ‘is withdrawn in the Buck-

skin Basin area for irrigation. This would be a significant
portion of the Ross Fork ground water flow; however, its with-
drawal has little effect on the grcund water table. This is

the maln indication that a large amount of ground water is im-
ported into the basin, via the Snake Plain aquifer.
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WATER QUALITY
SURFACE WATER QUALITY

Table 17 lists the averaged chemical qualities of the Ross
Fork surface waters discussed below.

Contact Spring

Contact Spring is located at the head of the North Fork of
Ross Fork in 58/37E-~15addce. It is a perennial spring and

was named by the author due to the change in soil color near
the spring. No flow measurementis were made at the spring, but
it was visually estimated at less than 1 cfs. The 1977 flow
was significantly lower than the 1975 flow, presumably due to
the drought of that year.

The water is significantly less mineralized than most reserva-
tion water, particularly with respect to sulfate and chloride.
. The water is moderately hard, due in part to its flow through
the limestone and dolemite rock in the area.

Big Spring

Big Spring is located in 58/37E-16addb, and provides the major-
ity of the baseflow to the North Fork of Ross Fork. No flow
measurements were made at this spring. It flows year-round,
usually several cubic feet per second, although its flow was
decreased in 1977.

The guality of the water is almost identical with that of Con-
tact Spring, indicating thev may drain the same ground water
reservoir. The water gualitiy remained fairly constant over
the two years in which samples were taken.

North Fork-Ross Fork

The water quality of the North Fork of Ross Fork was sampled at
the head of Farmer Ditch, at the flow measuring station. The
anglyses here show an increasing mineralization of the water

as it travels downstream. Almost all of the parameters measured
showed increases. The probable cause of this increase is inflow
of higher mineralized spring water into the stream, along with
some impact from the existing land uses in the upper basin.
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These impacts include dry farming,phosphate mining, and cat-
tle grazing.

There is generally an inverse relationship between the dis-
solved minerals and discharge, with dilution of the minerals
occurring during the spring flood season. Mineral concentra~
tions were cut approximately in half during the higher dis-
charges. The only parameiers t¢ incresase during flooding
were turbidity and phesphate.

Gay Mine Spring

This spring is located in the vicinity of the Gay Mine and is
used for the mine water supply. The water is very hard, with
high levels of chloride and sulfate. The quality is similar
to other springs that flow from the Wells formation in this
area.

Lone Pine Creek

This creek originates from very small springs that combine and
flew down the Lone Pine Canyon. This water, like the Gay Mine
Spring, is very hard, with high chloride and sulfate levels.

Thirty Day Creek

Thirty Day Creek originates on the west flank of South Putnam
Mountain and flows into the South Fork of Ross Fork. No flow
measurements were made on this creek. One sample was taken of
the base flow during the 1877 drought. It showed the quality
to be very good, with a very low concentration of dissolved
minerals. The water is classified as soft. This low minerali-
zation is probably due to a combination of high snowmelt run-
off, a short travel time in the basin, and the presence of
quartzite bedrock, which is very resistant to weathering.

Mill Creek

Mill Creek originates between North and South Putnam Mountains
and flows west into the South Fork of Ross Fork. During the
summer this creek provides water for the Smoke Irrigation Ditech.
The water quality was sampled at the head of Smoke Ditch, at

the flow measuring station.

The quality of this water, while more mineralized than Thirty
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Day Creek, is still very good, and is similar to Big Spring
on the North Fork. This is probably due to the presence of
similar bedrock in both areas. The baseflow quality measure-
ments taken in 1877 show & very constant level of dissolved
minerals over the summer.

Scuth Fork-Ross TFork

The Scuth Fork samples were taken at the discharge measuring
site, upstream of the Rose Farm. These analyses showed a
higher level of minerals than the tributaries, although the
levels were still slightly less than the North Fork. One
exception was the concentration of iron. It was noted that
the levels of iron in the streams originating on Mt. Putnam
are usually higher than elsewhere on the reservation. The
levels of dissolved minerals were fairly uniform over the
study pericd, with some dilution occurring during the spring
runcff.

Putnam Creek

Putnam Creek coriginates on the northwest slcpe of Mt. Putnam
and crosses Farmer Ditch on its path to Ross Fork. It was
named by the author and sampled once in 58/36E-23d. The c¢reek
becomes ephemeral in its lower reaches as it fiows across the
alluvial fans of Mt. Putnam. The quality is very good, with
very low concentrations of most constituents tested, as was
the case with Thirty Day Creek.

Ross Fork

Water quality samples were taken at the gaging station on

Ross Fork, downstream from Buckskin Basin. This is below the
Ross Fork Minor Irrigation Unit, and receives some irrigation
return flow. The water here contsins higher concentrations of
dissolved minerals than either the North or South Torks. These
increases are prcbably due to the irrigation system and dry
farm impacts. While turbidity is generalily higher, there is

no apparent increases in nutrient levels due to this activity.
Dilution of all constituents except turbidity occurs during

the spring runoff.

An EPA survey done in 1974 showed similar levels of dissolved
material, along with very low pesticide levels.
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GROUND WATER QUALITY

The ground water sampled from wells in the South Fork valley
has wvariable quality, depending on location (Table 18). The
upper valley ground water is similar to the South Ross Tork
chemistry, having & low sulfate level and relatively low
hardness. A domestic well in the North Fork valley (48/36E~32adb)
discharges very hard water, high in sulfate and flouride. This
is characteristic of other ground water around the Gay Mine
area. Ground water sampled from the basalt of Buckskin Basin
indicates a gquality somewhere bhetween these other two extremes.
It is somewhat similar to the average ground water quality
beneath Gibson Terrace,although higher in hardness and chloride
and lower in fluoride. This type of water z2lso occurs in the
Putnam Lodge well, which withdraws water from the basalt flow
that partially extends up the Ross Fork valley.

SUMMARY

The majority of the springs in the North Fork basin, such as
Big Spring, are of good quality, with low hardness, sulifate,
and chloride levels. This type of water provides the majority
of the baseflow to Ross Fork in this area. Other springs to
the north of the creek, with smaller discharges, were found

to have very high levels of dissolved minerals. Springs such
as these probably contribute to the increasing mineralization
of the North Fork as it flows downstream. The impacts on the
stream water quality presently appear to be dry farming, phos-
phate mining, and range activities, althcugh the magnitude of
these impacts appears to be minimal.

The South Fork is somewhat similar in chemistry. Tributary
spring flows are generally of very low mineralized waler, most
of which is derived from snowmelt from Mt. Putnam. The water
increases in mineralization in the downstream direction, pro-
bably due to land use impacts and inflow of harder spring
water. The water of both the North and Scouth Forks is used in
this area in the Minor Unit Irrigation System. All streamflow
is usually diverted into the ditches, especially during the
late summer. The return flow to the creek is augmented by
additional springflow, however the resulting streamfiow is
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higher in dissolved solids than the upstream tributaries.
The agricultural activities also contribute to & higher tur-
bidity in the stream below the Minor Unit.
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UPPER PORTHEUF RIVER BASIN

BASIN DESCRIPTION

The Portneuf River originates from several springs in the
Lincoln Peak area, and flows south between the Chesterfield
Range to the east and the Portneuf Range (Mt. Putnam) to the
west. It is impounded in the Portneuf Reservoir as it lesves
the reservation. It receives tributary inflow from Jeff Cabin
Creek within the reservation, and from the Toponce basin, the
northernmost part of which lies to the west of Jeff Cabin Creek.

Jeif Cabin Creek flows southeast in a basin between Mt. Putnam
and the Portneuf River. It enters the Portneuf River above

the Reservoilr. Jeff Cabin basin contzins 11.3 square miles and
lies entirely within the reservation.

Both Little Toponce Creek and North Fork Toponce Creek drain

an area to the east of South Mt. Putnam and southwest of Jeff
Cabin Creek. They flow generally southeast and leave the re-
servation. They combine after leaving, along with other tribu-
taries, and enter the Portneuf River downstream of the Port-
neuf Reservoir. The area of the Toponce basin within the re-
servation is 10.6 square miles.

The Portneuf River continues south to Lava Hot Springs, where
it turns and begins a northwesterly course through McCammon,
Inkom, and Pocatelio. It re-enters the reservation downstream
of Pocatello in the Portneuf Bottoms, and then becomes im-
pounded in the American Falls Reservoir.

The entire Portpeuf River basin above the USGS gage at Poca-
telio includes 1,250 square miles. A total of 91.8 square
miles, including the Toponce basin and 0.28 square miles of
the Pocatello Creek basin, lies within the reservation. This
amounts Lo seven percent of the Portneuf River basin. In this
report, the Portneuf River basin is considered to end near the
USGS Pocatello gage. The downstream segment of the river in
the Portneuf Bottoms is included as a part of the Snake Plain.
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GEOLOGY

The upper basin of the Portneuf River contains a wide variety
of rock types. The hills from Lincoln Peak south to the Baker
Canyon area are composed of Triassic marine shales and lime-
stones. The Mt. Putnam area, including the Toponce and Jeff
Cabin Creek hasins, is underlain by older Ordovician and Cam-
brian guartzites, dolomites, and limestones. At lower eleva-
tions in various parts of the basin, Carboniferous limestones,
including the phosphate shales, occur.

The lower relief areas in the basin are covered with alluvial
fan deposits and river alluvium of unknown thickness. The
only geologic mapping of the basin was done in 1913 by Mans-
field (1920).

HYDROLOGY
DATA SOURCES

No government agencies currently monitor streamflow in the
upper Portneuf River Basin within the reservation. The USGS
did maintain a gaging station on the Portneuf River just up-
stream of the Portneuf Reservoir from 1912 to 1514. However,
no measurements have been taken by them since that time.

For this study, a recording gage station was established in
1973 in 68/38E-3¢ near the old USGS station. Also, monthly
measurements were taken on Little Toponce Creek and the two
branches of the North Fork of Toponce Creek where they leave
the reservation. In addition, periodic measurementis were
made on Jeff Cabin Creek. These stations were generaly in-
accessible during the winter and early spring.

No wells were monitored in the upper basin area. Only one
shallow domestic well is known to exist and is located at the
Faulkner Ranch.

SURFACE WATER

Portneuf River - above Reservoir

Figure 40 shows the mean monthly flow during 1912-1914 and
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1973-1978. The mean annual discharges for the 1813 and 1814
water vears were 17.7 and 19.4 cfs respectively. Above nor-
mal precipitation was received during that time. Comparable
values of 18.6 and 22.0 cfs were found during the 1974 and
1976 water years. The 1975 water year lacked sufficient data
for a representative flow. The lowest baseflows for the 1974
and 1976 years were about 7 cfs. During the 1977 water year,
due to reduced recharge, the low flows approached 2 cfs, with
an annual mean fiow of 8.94 cfs. Flow measurements made dur-
ing the 1978 water year indicated a return to near normal
baseflows in late 1977 and normal runoff flows during the
spring of 1978. The mean annual flow for the 1978 water year
was 13.8 cfs.

Jeff Cabin Creek

Jeff Cabin Creek is the main tributary to the Portneuf River
before it leaves the reservation. It flows generally south-
east, joining the Portneuf just south of Faulkner Ranch. Its
channel in many places is composed of a succession of beaver
ponds. Hence, evaporation would be expected to significantly
reduce the flow during summer months. As its flow is included
in the Portneuf HRiver station, only 2 few measurements were
made to determine baseflows (Figure 41). Measurements were
made about three miles upstream of the mouth, because there
are indications that the stream may lose flow as it approaches
the Portneuf River floodplain,

The September, 1976, measurement of 1.68 cis is probably a
fairly representative indication of normal summer baseflows.
This was reduced during the 1977 drought to about 1.2 cfs.
The 1974 measurement of 6.4 cfs represents a flow influenced
by spring runoff.

North Fork Toponce Creek

The North Fork of Toponce Creek originates on the eastern slope
of South Mt. Putnam. It flows generally southeast and leaves
the reservation about 3.5 miles from its source. Before leav-
ing, the channel divides onm an alluvial fan, forming two sepa-
rate channels that rejoin about 0.5 miles south of the reser-
vation. The combined flow measurements of these two channels
are shown in Figure 42. The streams were inaccessible during
the winter; hence some portion of the spring runoff data is
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absent. The flow measurements were made at the reservation
border.

The mean fiow for the 1978 water year is 8.43 cfs; however,
this is based on enly four measurements. Minimum baseflows
during 1975 and 1876 were near 2.0 cfs. During the 1977

water year, the mean flow was cenly 1.75 cfs, with minimum
baseflows reduced to 0.4 cfs by October, 1977. By this time,
the western channel had dried completely. Spring runoff flows
returned to normal in 1978. Spring runoff was usually in ex-
cess of 20 cfs by June, with actual flood flows probably much
higher. The average for the 1978 water year was 11.86 cis.

The surface water vield for this basin is very high relative
to the other basins of the reservation. The 1976 flows av-
eraged 1.76 cfs per square mile of basin. This compares to
0.25 cfs per square mile for the upper Portneuf Hiver basin.
Thnis high yield can be attributed to the high amcunt of snow-
melt runoff from the south Mt. Putnam area.

Littie Toponce Creek

The Little Toponce Creek flows parallel to the North Fork To-
ponce Creek, between it and Jeff Cabin Creek. The stream
begins in a valley opposite of Bear Canyon of Ross Fork, and
flows 3.5 miles before leaving the reservation. It joins with
the North Fork about 1.5 miles downstream of the reservation.
Like the North Fork, the stream was inaccessible during the
winter. The measuring station was established at a road cross-
ing about 0.3 miles upstream of the reservation border.

The mean flow for the 1976 water year was 3.93 cfs, with mini-
mum baseflows in late 1876 of about 1.5 cfs. The mean flow
fell to 0.92 cfs during the 1877 water vear, with the lowest
flow measured at 0.45 cfs in August, 1977. The spring runoff
discharge measured in 1978 showed a return tao normal conditions.
The earliest runoff flows measured were between 7 and 10 cis,
with flood flows probably higher. The average flow for the
1978 water year was 4.85 cfs. (Figure 43).

Aithough the basin area is approximately the same as the North
Fork's, flows for the Little Toponce were about half as much.
The discharge per area for the Little Toponce for 1876 was 0.91
cfs per square mile, compared with 1.76 cfs per square mile
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for the Horth Fork. This may be due to the Littie Toponce
basin Being at a lower elevation thaun the North Fork, hence
receiving less snowfgll. Maximum elevation in the Little
Toponce Basin is near 7,800 feet, while the maximum for the
Horth Fork is over 8,800 feet.

Portneuf River -~ Off Reservation

As the Portneuf River continues downstream of the reservation,
it receives additional flow through tributaries and ground
water infiow to the channel. Major tributaries to the Port-
neuf include Toponce Creek, Marsh Creek, Rapid Creek, and
Mink Creek. The river receives ground water inflow until it
reaches the McCammon area. Between McCammon znd Inkom, the
ground water table falls beneath the level of the Portneuf.
Norvitch and Larson (1970) have presented preliminary caleu-
lations that indiecate that 87 cfs is lost from the river be-
tween McCammon and Pocatello. Presumably, this water flows
through the aquifer beneath Pocatello. It is known that this
aquifer has a very high transmissivity; the city has several
high-yield municipal supply wells in operation. The Portneuf
River ioss may be the major socurce of this ground water flow.
The lower Portneuf River hydrology is discussed in the Snake
Pizin section.

GROUND WATER

In the upper Portneuf basin, upstream of the Portneuf Reser-
volr, little information is available on the ground water flow.
Two studies of the Portneuf basin have dealt with the water
resources in the surrounding area. The first was by Stearns
and others (1938) and the second was by Norvitch and Larscn
(1970). Both studies produced ground water contour maps that
are essentially similar. Stearns shows the water table ele-
vation near the Portneuf Dam to be near 5,350 feet. Norvitch
and Larscon showed the same elevation, and also show the water
table around the reservoir to be at 5,400 feet. This is

near the ground surface elevation, indicating the depth to
water in the valley bottom to be only several feet. The sta-
tic level in the Faulkner well is reported to be 16.5 feet.

Both studies show the ground water in this area to be flowing

south, along the Portneuf River. As the river flows south,
it gaing in flow as the ground water discharges into the river.
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The presence of springs in the wvalley bottom within the reser-
vation confirms the high water table and ground water dis-
charge to the river. The ground water in the valiley bottom

is contributed primarily by precipitation falling on the ad-
jacent uplands which flows down through the 2lluvial material
on the hillslopes to the sediments filling the valley.

Other than the well drilled at the Faulkner Ranch, no wells

exist in the upper valley within the reservation. Consequently,
there is litilie information regarding valley fill thickhness azand
sediment type. The unconsclidated material probably contains
most of the ground water in the upper basin. The various bed-
rock types composing the uplands do contain some ground water.
Little would be expected in the guartzites near Mi. Putnam; how-
ever, the limestones and shales could contain appreciable amounts.
The flow of the ground water in these rock units would be pri-
marily controlled by the structure and stratigraphic relationship
of the rock units. Work at the Gay Mine has indicated that poc-
kets of ground water are usually small and discontinuous. These
bodies of water usually discharge as spring flow as the water
table rises to intersect the land surface. This creates the

many upland springs in the basin.

WATER BUDGET

The upper basin of the Portneuf River receives a mean annual

total of approximately 18 inches of precipitation. According

to the analysis by Mundorff and others (1964), this would yield
approximately six inches of total runcff. The total basin area
above the measuring stations discussed herein is 92.6 square miles.

Of this, 90.0 square miles lies within the reservation. The
total runoff from this area amounts to about 31,872 acre feet, or
44.0 cfs. Surface water measurements indicate the average runocff

from both the Portneuf and Toponce basins is about 34.4 cfs.

This would indicate that approximately 9.6 cfs, or 6,350 acre
feet per year,leaves the reservation as ground water flowing

south beneath the Portneuf River.

WATER QUALITY
SURFACE WATER QUALITY

The averaged chemical analyses for the surface water stations




discussed below are listed in Table 18. The individuzl anal-
yses are listed in Appendix D.

Qesdup Springs

Qeedup Springs is located in 4S/38E-32d, and flows across
Alkali Flats into the Portneuf River. It is formed by three

or four small springs and produces a fairly good flow, visually
estimated to be between one and two c¢fs. This spring has sev-
eral similarities with Yandell Spring. As the samples taken

on October 14, 1973, indicate, there is a significant difference
in guality between the individual springs; however, the com-
bined quality is fairly constant over the year. The spring
water is highly mineralized, especially with respect to al-
kalinity, hardness, sulfate, and fluoride. While none of these
constituents are high enough to present a health hazard to
those drinking the water, it is nevertheless undersirable.

The third similarity with Yandell is its apparent source from
the Wells Formation, & Pennsylvanian-aged limestone, and 2
higher than ncormal temperature.

Baker Canyon Creek

Baker Canyon Creek is the name given to a small spring that
flows eastward down the scuth side of the Bakers Canyon Road,
toward Qeedup Spring. The creek flows intermittently, and

was dry during the summer of 1977. The two quality samples
taken on the creek show a sigpificant variation. 'These sam-
ples were taken at different locations along the creek, so

it is not known if the variation occurred in the spring itself
or as the water flowed downstream. Both samples were of fairly
good guality, only slightly more mineralized than the Bottoms
Springs water.

Warm Spring

Warm Spring is a small perennial spring that originates in
53/38E~34ceb, next to the Portneuf Valley Road north of
Faulkner's Ranch. The spring flows east to the Portneuf River.
The water here is of fairly goed quality; alkalinity and hard-
ness being the only higher-than-normal constituents.

Rass Creek

Rass Creek is a small perennial tributary of the Portneuf River
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and was sampled at 38/38E-27ccdb at the road crossing. The
flow was visually estimated at 0.5 cfs. The water is of
fairly good guality, having relatively low levels of the
minerals tested.

Jeff Cabin Creek

Jeff Cabin Creek is one of the main tributaries of the Upper
Portneuf River. The water is apparentiy derived from Ordo-
"vician and Cambrian quartzites and limestones. The gquality
0of the water is very good, with low levels of minerals and
nutrients. The gquality appears fairly stable throughout the
year.

Partneuf River

The upper Portneuf River water quality was monitored at the
recording gage station above the Portneuf Reservoir. The flow
here is composed of springs of varying chemical quality, as
described above. Generally, the water is somewhat more min-
eralized than is found on the Bottoms area, due to the input
of springs such as Qeedup. However, none of the minerals

that were tested for reached the undesirable level. The
low-flow conditions during 1977 did not seem to affect the
gquality measurably, except possibly with lower dissolved
oxygen levels.

North Fork - Toponce Creek

The North Fork of Toponce Creel diverges before leaving the
reservation, probably due to beaver activity. These two branches
were sampled at the reservation boundary as stations Toponce I
and II. As expected, the quality is fairly similar. What is
notable are the very low levels of dissclved minerals in these
streams. This water is probably the least mineralized found on
the reservation. The quality showed little variation through-
out the year. A notable exception to the low mineralization

is the high iron concentration, which approaches or exceeds the
drinking water standard. This was found to be characteristic of
some of the streams draining the Mt. Putnam area.

Little Toponce Creek

Little Toponce Creek exhibited slightly higher chemical con-
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centrations than the North Fork., bur again very low in com-
parison with the rest of the reservation. Agaia, the notable
exception was iron, which commonly exceeded the drinking water
standard of 0.3 mg/l. As with the North Fork, little seasonal
variation in guality was noted.

=03~




BANNOCK CREEK BASIN

BASIN DESCRIPTION

The Bannock Creek basin occuples the southwestern portion of
the reservation. Bannock Creek drains the valley between the
Deep Creek Mountains on the west and the Bannock Range t0 the
east. It rises in Oneida County about 15 miles south of the
reservation boundary, and flows north, entering the reservation
Just north of Pauline. The creek continues morth through the
reservation, crosses the Michaud Flats area of the Snake River
Plain at the northern end of the two mountain ranges and enters
the American Falls Reservoir. The total basin area above the
I-15W bridge 1s 413 square miles. The area within the reserva-
tion is calculated to be 154 sguare miles,or 39 percent of

the total basin.

Bannock Creek receives the flow of several perennial tribu-

taries within the reservation. The three most important, in

downstream order, are West Fork, Moonshine Creek, and Rattle-

snake Creek. West Fork originates in a group of springs at

the base of West Fork Canyon in the Deep Creek Mountains.

it flows easterly, and enters the reservation before joining

Bannock Creek. The West Fork basin, as measured from the point
- where it enters the reservation, includes 14.9 square miles,

¢f which only 0.8 square miles, or five percent, lies within

the reservation.

Moonshine Creek also originates in the east flank of the Deep
Creek Mountains, north of Bannock Peak. Three tributaries,
Keogh Creek, Sawmill Creek, and Squaw Creek, contribute to its
fiow from the uplands. Much of the baseflow is apparenily con-
tributed by springs near the Arbon Valiey floor, prior to the
stream entering Bannock Creek. The basin contains 44.2 sguare
miles, of which 33.3 square miles, or 75 percent, lie within
the reservation.

The third main tributary, Rattlesnake Creek, enters the creek
below Mooanshine, draining the Bannock Mountains to the east of
Arbon Valley. Rattlesnake Creek begins north of Bradliey Moun-
tain, and flows northwesterly, intercepting the tributary flows
of Clifton Creek, Crystal Creek, and Midnight Creek. Both Mid-
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night and Crystal Creeks enter the reservation before Jjoining
Rattlesnake Creek. The e¢reek then turns west and flows into
Bannock Creek. The entire basin contains 79.8 square miles,
with only the lower 7.7 square miles, or 11 percent, within
the reservation.

Two other smaller tributaries enter Bannock Creek: Starlight
Creek from the west, and Birch Creek from the east. The Star-
light basin contains 15.3 square miles, of which 14.8, or

96 percent,lies within the reservation.

Below these tributary inflows, Bannock Creek crosses. and can
be diverted into the Michaud irrigation system. Upstream from
this system, several small irrigation ditches divert water
from Bannock and Rattlesnake Creeks. These ditches form the
Bannock Creek Minor Unit.

Michaud Creek lies to the east of Bannock Creek, and drains
the foothiils area. It occupies a basin of 11.6 sguare miles,
of which 5.4 square miles, or 47 percent, lies within the
reservation. The creek flows north and empties into the
Michaud Canal System. Prior to development of the area, it
apparently emptied into Bannock Creek.

GEOLOGY

The geolegy of this area of the reservation was studied by
Mansfield (1220) and more recently by Trimble angd Carr (1976).
Their work is summarized here,.

The Bannocck Range east of Bannock Creek is composed primarily
of Precambrian and Cambrian guartzites similar to those form-
ing Mt. Putnam. However, these rocks are not exposed at the
surface within the reservation. They continue north to the
Michaud Creek basin just east of the reservation line.

A ridge of foothills that runs parallel to the Bannock Rangs
and divides the Rattlesnake basin from Bannock Creek is com-
posed of younger dolomites and limestones southwest of Rattle-~
snake Creek and quartzites north of Rattlesnake Creek. These
rock units range in age from Mississippian to Cambrian. They
appear on the surface as far north as Flatiron Hill, north of
Rattlesnake Creek.




North of this area, and extending arcund the north end of
the Bannock Range, occur vounger volcanic rocks of Tertiary
and Quaternary ages. These voleanic rocks form the headlands
behind the phosphate processing plants, and are named the
Starlight Formation. The Deep Creek Range on the west side
of Bannock Creek is underiain primarily by limestones of the
Permian and Pennsylvanian ages named the Oquirrh Formation.
This rock appears primarily scuth of the reservation and
extends north only up to the Bannock Peak - Moonshine Peak
area. A branch also extends further north along the western
edge of the reservation, and forms the western end of the
Moonshine Creek basin. The mountainous area forming White
Quartz Peak, Bannock Peak, and extending northeast to Moon-
shine Creek is underlain by older limestones and dolomites.

North of the Sguaw Creek - Moonshine Creek area, the hills
are all underlain by more recent Tertiary volcanic rhyeclites
and tuffs of the Starlight Formation. These volcanics extend
north to the Wheatgrass Bench area.

A1l of the mountainous areas of the basin have developed allu-
vial fans that cover the rocks of the lower elevations. These
deposits are composed of Quaternary sands and gravels. As in
the eastern part of the reservation, wind-blown silt {laess)
covers much 0f the bedrock., thinning out at higher elevations.

HYDROLOGY
DATA SOURCES

In the Bannock Creek Basin, stream measurements are currently
made by the USGS at four miscellanecus and partial-record sta-
tions. Two low flow statiens are maintained to supply- base
flow measurements each vear. These are located on Bannock
Creek below Moonshine Creek (130760) and on Rattlesnake Creek
(130761) above the irrigation ditches, and have been used since
1573. Prior to that, they were monitored monthly between 19355
and 1959. One crest stage station is operated on a dry gully
“to record the maximum spring flood each year. A miscellaneocus
station (130782) is located near Interstate 15W near the mouth
and is monitored only during the irrigation season. This sta-
tion has been monitored since 1924 as part of the American
Falls Reservoir studies.
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The BIA Irrigation Office also collects low fTlow information
for Bannock Creek and the major tributaries. This has been
taken intermittently since 19R7.

For this study, two recording gage stations were established
on Bannock Creek in 1873. The upper station is located in-
side the southern reservation boundary, below the confluence
with West Fork. The lower station is located at a road
crossing just south of USGS station 1307862 and Interstate 15W.
In addition, monthly measurement stations were established on
all major tributaries. These include West Fork, Moonshine
Creek, Rattlesnake Creek at itwo locatiens, Crystal Creek,
Midnight Creek and Michaud Creek.

No wells in the Bannock Creek Basin are monitored by any
agencies upstream of the Snake River Plain. Four wells were
monitored in the valley bottom during this study. At higher
elevations in the basin only a few abandoned stock wells are
known to exist.

SURFACE WATER
West Fork

The West Fork of Bannock Creek originates in a group of springs
near the mouth of West Fork Canyon, approximately one mile

south of the reservation border. Most of the springs lie in

the southern half of 108/33E-5. West Fork flows generally east-
ward, then swings northeast to cross into the reservation and
joilns Bannock Creek in 93/33E-34. Flow measurements were made
at the reservation line.

The flow measurements taken during this study illustrate an
unusual spring flow history. The mean annual flows for the
1974, 1976 and 19797 water years were 15.6, 21.9, and 12.3 cfs
respectively. Measurements made during the 1978 water year
indicate a mean flow of 9.46 c¢fs. The plot of the individual
measurements (Figure 44) illustrates the anomalous character.
During the 1974 and 1976 water years, the springs seemed to
exhibit a pattern whereby flow increased during the summer,
peaked in the fall, and decreased during the winter. The dis-
charge ranged between 11 and 28 ¢fs during this cycle. However,
in the fall of 1276 the spring flow did not return to its pre-
vious year's high level, even though the dry months of the 1977
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drought had not begun. &ince the fall of 1975 the spriung
flow has steadily declincd from near 20 cfs ro near R cfg
during the summer of 1978.

It is obvious that the West Forlk basin alone cannot supply
the flow of the springs. With approximately ten sqguare
miles of basin upstream of the springs, an equivalent of
30 inches of water over the basin is discharged as spring-
filow. This would amount toc more than the annual precipi-
tation.

It appears that a much larger area of the Deep Creek Mountain
Range drains toward the West Fork Canyon. As the range is
composed primarily of limestone, the water that falls on a
large area of the range is probably channeled along joints
and solution cavities into the West Fork basin, 4= no

wells exist in the higher elevations, the extent of this
recharge area cannot be defined.

Two possibilities seem to exist to explain the anomalous

flow behavior. The first is that fhe higher flows during

1974 and 1976 were due to higher amounts of precipitation in

the area, with a more normal flow af near 15 efs. However,

the precipitation for the 1975 and 1976 water years was only 0.49
and 1.07 inches azbove normal respectively at the Poca-

tello Airport station, with 1974 below normal. It is doubt-

ful that this magnitude of inerease in precipitation could

double the flow of the West Fork springs.

The second, more likely, possibility is that the limestone
aquifer may have other discharge areas, even in other basins.
The limestone bedrock extends north into the Moonshine Basin
and west into the Rock Creek basin. It is possible that the
aquifer may increase discharge in other basins to the exclu-
sion of West Fork. 'This could be done by the opening and
closing of the joints and solution cavities ecither by the
chemical action of the water itself or movements of the rock.
It has been noted that the baseflow of Moonshine Creek has
Steadily increased between 1967 and 1977, although not at

the magnitude that West Fork has decreased. It may be that
the East PFork of Rock Creek is the other main outlet of the
aquifer. This spring lies on the west slope of the Deep
Creek Mountains adjacent to the West Fork springs and at
approximately the same elevation, near 5200 feet. Flow mea-
surements made during the 1950's by the USGS show the East
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Fork Springs to be similar in magnitude with West Fork.

No recent measurements have been made, however. It may

be that these two springs share varying amounts of the
aquifer discharge. Only continued moniteriang of the springs
will provide an answer to the hydrogeologic controls on the
aguifer.

Upper Bannock Creek

The Upper Bannock Creek gaging station records both the Tlow
of Bannock Creek and the West Fork tributary, after they
enter the reservation. The flow hydrograph is shown in
Figure 45. The mean annual flow for the 1974, 1976. and 1977
water years was 32.3, 36.5. and 18.9 cfs respectively. Mean
flow for the 1975 water year was probably in excess of 30 cfs.
Baseflow measurements taken by the USGS between 1973 and 1976
at their station below Moonshine Creek support these figures.
Thedé are considerably higher than those recorded during the
1950's at their station. Part of this increase is due to
above average amounts of precipitation during the last ten
years, compared with below average amounts during the 1950's.
However, most of the increase is apparently due to increased
flow from West Fork, particularly during the 1974 to 1976
water vears,

Baseflows during 1974 and 1975 were above 30 cfs zt the gage.
They decreased tc approximately 25 cfs in 1876 and 12 efs in
1977. This decrease was mainly due to the decrease in flow

in West Fork, and partially due to the drought in 1877. The
mean annual flow during the 1878 water year was 12.3, with

low flows near 13 cfs., This is a result of decreasing flow

in West Fork with increasing flows in Bannock Creek. Figure 46
shows the calculated flow hydrograph of Bannock Creek upstream
of West Fork. It indicates that mean annual flows are near
ten c¢fs, with summer low flows near five cfs entering the
reservation.

Moonshine Creek

Moonshine Creek drains the eastern slopes of the Deep Creek
Mountains north of West Fork and Bannock Peak. Three tribu-
taries, Keogh Creek, Sawmill Creek, and Squaw Creek contribute
to the flow of Moonshine Creek. The creek flows generally
eastward and empties into Bannock Creek about 1.5 miles south
of Rattlesnake Creek in 8S/33E-34c¢h.
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The discharpge measurements (Figure 47) indicate that flow
has increased signifiecantly between 1967 and 1977. Measure-
mentis by the BIA Irrigation Office show baseflows of between
two and three cfs in 1967 and 1968, and between three and
five in 1972. Measurements taken during this study shown an
increase from 5.23 c¢fs during the 1974 water vear to 7.13
cfs in 1976. During the drought of 1877 the Tlows averaged
6.35 cfs. The baseflows were maintained above five cfs
throughout the year.

The hydrograph (Figure 47) does not have the usual pattern
of peak flows during the spring with steadily declining
baseflows throughout the summer. Rather, the flow is fairly
irregular, During the spring of 1976 a large flood occurred
in the basin which completely filled the channel whose depth
exceeds six feet. The flood Tlow probably exceeded 150 cfs.

Much of the baseflow contributed to Moonshine Creek apparently
originates as springflow that enters the creek near the mouth.
A discharge measurement taken on September 9, 1975, below -
the mouth of Squaw Creek, the lowermost tributary, indicated

a discharge of 1.46 cfs. The discharge at the mouth at this
time was near 5.0 cfs.

At preseat, it is not known if the inecrease in streamflow is
related to the decreasing flow of West Fork to the south er
other factors. Both basins share the limestone bedrock that
predominates in the Deep Creek Range, although the water of
Moonshine Creek is significantly harder than that of West Fork.

Bannock Creek - below Moonshine Creek

The USGS maintained a recording gage on Bannock Creek at
83/33E-28dz between 18955 and 1959. The mean monthly discharges
are shown in Figure 48, Summer baseflows during this period
usually ren near ten cfs. This is far beleow the baseflows re-
corded during the present study. Continued measurement at this
site by the USGS between 1973 and 1976 indicate low flows
ranging between 27 and 42 cfs. fThis agrees with our baseflow
measurements made on the contributing tributaries to this
location,

These lower flows may have been due to the lower amounts of
precipitation received then. Each year during the 1950's, below
average precipitation was received at the Pocatello Airport
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station. Also, a large portion of the baseflow at this
location is provided by West Fork and Moonshine Creek. Both
of these Streams exhibit unusual flow characteristics. It
may be possible that both were low during the late 1950's.

The mean annual flows during the water years of 1936 to 1958
were 21.2, 23,3, and 21.8 respectively. These are below cur-
rent low flow measurements at that location.

Rattlesnake Creek

Rattlesnake Creek is the largest tributary draining the Ban-
nock Range within Bannock Creek basin. The creek is approxi-
mately 16 miles long, originating north of Bradley Mountain
and flowing generally northwest. It intercepts numerous
perennial and ephemeral tributaries, the most important of
which are Clifton Creek, Crystal Creek, and Midnight Creek.
The lower four miles of Rattlesnake Creek flow through the
reservation, Jjoining Bannock Creek in 85/33E-28ad.

Two flow measuring stations were established on Rattlesnake
Creek. The upstream station is at the reservation border.

The downstream station is near the mouth of the stream, down-
stream of the Arbon Valley Road bridge. Midnight aud Crystal
Creeks, enter Rattlesnake Creek between these two stations.

Two small idrrigation ditches withdraw water from Rattlesnake
Creek about one mile downstream of the Midnight Creek junction.
Also, some irrigation water is withdrawn upstream of the reser-
vaticn.

Rattlesnake Creek - Reservation Line - The mean annual
fiow for the 1976 water vear ai this station was 10.7
cfs. Spring flood flows were measured up to 20 cfs
with higher flows noted (Figure 49). The fiow dropped
later in the year to near five ofs. Little snowmelt
runoff was evident in 1977; however, the baseflow was
not greatly reduced during that water year. The mean
annual flow for the 1977 water year was 6.70 cfs with
some flows as low as 2.8 ¢fs. The baseflow quickly
recovered in the fall of 1877 to near nine cfs. The
spring floods during 1978 were significant, with a
flow of 31.7 ¢fs recorded on March 30, 1998. The mean
flow for the 1878 water vear was G.24 cfs.
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Crystal Creek - Crystal Creek is the first tributary to
enter Rattlesnake Creek after it enters the reservation.
It flows generally parallel to Midnight Creek, draining
the area between Midnight and Rattlesnake Creeks. The
stream originates off the reservation and primarily
drains off reservation lands. Only the lower half mile
of ehannel is within the reservation. Flow measurements
were made at its junetion with Hattlesnake Creek.

Two measurements of summer baseflow were made in 1976,
which averaged 0.56 cfs. The creek dried up during
1977 and remained dry through the yvear. The flow mea-
surements are shown in Figure 50. Some water is taken
from the creek upstream of the reservation for irri-
gation use.

Midnight Creek - Midnight Creek is the main perennial
tributary to Rattlesnake Creek within the reservation.
It flows generally south from its source at Deud Cow
Spring, which lies off the reservation. The stream
is approximately 7.5 miles long, the lower 1.5 miles
of which lie within the reservation. Flow measure-
ments were made at the reservation border.

The mean annual flow for the 1976 water year was

2.92 cfs, A large amount of runoff occurred in the
spring of 1976, with recorded flows up to ten ¢fs and
higher flows observed (Figure 51). Baseflows usually
remained around 1.5 cfs. During 1977, little snowmelt
runoff was recorded, with baseflows dropping to 0.30
cfs in September, 1977. The mean flow for the 1977
water year was 0.86 cfs. The baseflow continued
around 0.50 cfs until the runcff in 1978, which exceeded
5.0 ¢fs. The mean flow for the 1278 water vear was
1.74 cfs. BSome water is removed for irrigation uses
upstream of the reservation.

Rattlesnake Creek - USGS Station - During the 1956 to
1928 water years, the USGS measured Rattlesnake Creek
below Midnight Creek. They recorded mean flows of

7.6, 9.8,and 10.0 cfs for these years respectively. All
three of these years received below normal precipitation,
1956 receiving less than 1977.- The flow measurements

are shown in Figure 352. The baseflows during these years
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usually ranged between two and four cfs.

Rattlesnake Creek - at mouth - At the station established
for this study near the stream mouth, the mean flow for
the 1976 water year was 17.8 cfs. The spring flood Tlows
were recorded up to 70 c¢fs, with higher flows ohserved
(Figure 52}. The subseguent baseflows were usually above
10 cefs. During the 1977 water year, the baseflow remained
fairly constant near 9 cfs, although lower flows were
noted, probably due to upstream irrigation. The mean
flow that year was 9.49 c¢fs. Significant runoff did
occur again in 1878, with flows up to 40 ¢fs recorded,
and a mean annuzl flow of 11.8 cfs.

The measurements taken in the Rattlesnake Basin indicate
some ground water inflow to Rattlesnake Creek within

the reservation. Increases in flow during the non-irri-
gation season occurred an the order of cone to three cfs
between the border stations and the mouth of the stream.

Stariight Creek

Starlight Creek is a small perennial tributary to Bannock Creek.
It drains the Deep Creek Range north of Moonshine Creek and
Joins Bannock Creek north of Rattlesnake Creek at 8S/33E-21lba.
The flow coriginates in several scattered springs in the vol-~
canic terrain that composes the basin. Periodic measurements
by the BIA Irrigation Ofrice for the last ten vears indicate

a late summer baseflow of about 0.3 cfs. No other flow mea-
surements were made for this study.

Birch Creek

Birch Creek is a small perennial tributary to Bannock Creek,
similar in size to Starliight Creek. Birch Creek drains the
Bannock Range and flows west to enter Banncck Creek north of
Rattlesnake Creek at 85/33E-5aaa. The sources of the flow
are several small springs near the reservation border.

Flow measurements made in the fall of 1972 and 1977 indicate
baseflows between 0.2 and 0.4 c¢fs. The stream did not appear
to be significantly affected by the drought in 1977.
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Lower Bannock Creek

The lower Bannock Creek gaping station was established

below the Michaud Irrigation System. The canal system im-
ports Portitneuf River water into the area, and can withdraw
Bannock Creek water as needed where it crosses Bannock Creek.
The system also has seven irrigation wells that contribute

to the surface water system. The return flow water from the
system drains into Bannock Creek.

Summer measurements at the gage site have been made by the

U3G3 since 1824 (Figure 53). Since they are only taken during
the irrigation season, the measurements are not fully repre-
sentative of the mean annual flow. IHowever. the measured means
have remained fairly constant between 1925 and 1983, averaging
around ten cfs. The Michaud Irrigation System began importing
Portneuf River water in 1964. Since that time, the flow of the
lower stretch of the creek has increased greatly, due to the
addition of the irrigation return flow. The flow hydrograph

of the Lower Bannock station (Figure 54) shows the impact of
the irrigation system regulation. Only during the winter
months is the flow representative of the natural basin fiow.

The combination of the tributary mean annual flows indicates
the approximate mean flow of the basin for the 1974, 1976, 1977,
and 1978 water years to be 53.3, 63.4, 34.7, and 36.6 cfs re-
spectively. The lower Bannock gage records for the 1975-76 non-
irrigation season indicate that about 12 cfs is contributed to
Bannock Creek within the reservation between the upstream mea-
suring stations and the lower gage. This is springflow that
enters the creek along the valley bottom. Thus the computed
mean annual yield of the basin without the influence of the
Michaud Irrigation system would be 65, 75, 47, and 49 cfs for
the 1874, 1976, 1977, and 1978 water years respectively. These
figures are used in the water budget analysis as more repre-
sentative of the natural flow of the basin at this point.

Michaud Creek

Michaud Creek originates with several small springs upstream of
the reservation border and flows generally northward, into the
reservation. It flows out onto Michaud Flats and empties into
the Michaud Irrigation Canal. The stream is approximately eight
miles long, with over six miles within the reservation.
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During the 1976 water year, the mean flow was measured at 2.08
cfs. Snowmelt runcfif during 1976 provided a large amount of
flood flow, measured at up to five cfs with higher observed
flows (Figure 535). The subsequent baseflow remained near one
cfs into 1977. As little snowmelt oceurred in 1977, the base-—
flows decreased to 0.4 cfs in July of that year. The mean

flow for the 1977 water vear was 0.8) cfs. Baseflows for 1878
did not show significant increases, although the flow did in-
crease to near one cfs. The mean annual flow for the 1978 water
vear was 0.66 cfs, in part due to reduced flows that lasted un-
til the spring of 1978.

GROUND WATER

Little previous investigation has been done regarding the ground
water resources in the Bannock Creek basin., At most, previous
studies of the Snake Plain attempted to estimate the ground water
contribution from the basin to the Spake aquifer. Detailed study
of the basin is hampered due to the scarcity of wells and drili-
ing information. Except for a few scattered stock wells in the
basin uplands, only a few domestic wells exist near the Bannock
Creek valley bottom.

Due to the scarcity of well logs, the subsurface geology is not
well understood, particularly where the basin joins the Snake
Plain. It is not known if the Snake Plain basalt exists near

the valley mouth. Wells further north on Michaud Flats reach

200 feet without encountering basalt. The Owl Canal wells to the
west of the creek reach to 735 feet. They encounter approximately
400 feet of alternating sand, gravel and clay deposits ahbove
sandstone. This sandstone may be the voleanic ash of the Starlight
Formation. These Tertiary volcanic flows probably inter-finger
with the sedimentary valley fill deposits of Arbon Valley. The
thicknesses of these valliey fill deposits are not known.

Two abandcned domestic wells in the valley bottom were monitored
throughout the study. No drilling information was zvailable for
either well, however both are probably drilled only into the

valley fill sediments. The upstream well, located in 75/33E-20dehe,
exhibited a pronounced seasonal variation (Figure 56). The water
level rise during the summer is most probably due to recharge

from surface irrigation and snow melt infiltration. The variation
usually amounts to eight feet. Between 1973 and 1977, a slight
increase in water level appears evident, probably in response to
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higher than normal precipitation amounts during this time.
The water levels were not lower during the 1877 drought, although
the spring 1978 levels did show a decrease of about two feet.

The downstream well, located at 78/33E-8dbba, exhibits no sea-
sonal variations (Figure 57). It does, however, show an increase
of four feet between 1973 and 1977. Water levels were highest
during the 1977 drought. The water levels did begin to drop in
19758, probably as a delaved response to the drought. The static
level here is approximately 33 feet below the level of Bannock
Creek. Further upstream, south of Rattlesnake Creek, some do-
mestic wells near the creek have static levels of less than 15
feet.

The bedrock geology of the upper Bannock basin does indicate
that there is a good potential for modest ground water develop-
ment. The bedrock of the basin, particularliy within the Deep
Creek Mountain Range to the west, is composed predominately of
limestones and, further north,volcanic rock and ash deposits.
These formations are generally capable of transmitting moderate
supplies of water. Larger quantities, however, would not gen-—
erally be available in the upper basin, unless fracture zones
were encountered.

A potential area of development lies near the mouth of Arban
Valley, south of the Bannock Creek Pump Station. However, more
exploration is needed in this area to test the potential. If
there truly is 80-10C cfs of ground water underflow in the basin,
as determined below in the water budget, much of this may be re-
coverable in this area. The Owl Canal wells cperated by the BiA
may tap a porticon of this underflow.

WATER BUDGET

The mean annual precipitation that falls on the Bannock Creek
basin is approximately 18 inches, ranging from ten near the Snake
Plain to approximately 25 inches at the upstream end. Using the
analysis prepared by Mundorff and others (1864), the basin should
vield the equivalent of 5.0 inches of water over the entire basin,
or 183 cfs (132,160 acre/feet per year).

The determination of the surface water vieid of Bannock Creek is
complicated by the operation of three irrigation systems. One
lies upstream of the reservation in Rattlesnake and Bannock Creek
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valleys. The second is the Banunock Creek minor unit, consisting
of over seven ditches on Ratilesnake zand Bannock Creeks. The
third is the Michaud Irrigation System, which transports Portneuf
River water into the area which drains inte the creek. Thus, the
flow measurement stations neary the mouth of Bannock Creek no
longer reflect the actual Arbon Valley drainage.

Measurements during the 1976 water year of Bannock Creek and
tributaries indicate surface water flow in the basin to be near
75 cfs. With the addition of 13.5 cfs (Davig and Richins, 1978)
for consumptive crop uses, a total surface filow of 88.5 cfs
occurred. This leaves 94.5 «fs (68,416 feet/year) per year of
ground water flow.

The Michaud Creek basin, not included in the Bannock Creek water
budget, receives about 13 inches of precipitation annually. The
total yield of t{he basin is calculated to be 2.14 cfs (1547 acre/
feet). The 1976 annual flow was 2.08 cfs, indig¢ating little
ground water is generated within the basin. The actual ground
water flow in the volcanic terrain, however, is probably a
continuation of the Portneuf River and Bannock Creek ground water
systems.

A factor that complicates the water budget analysis is the pos-
sible difference between the surface drainage basin and the ground
water basin. Evidence indicates that the limestone '"West Fork"
aquifer is significantly larger than the West Fork basin. The
actual extent is not known,however. If the ground water basin
extends significantly beyond the topographic boundary. additional
water could be supplied to the Bannock Creek ground water flow.
If, on the other hand, bedrock in the Bannock basip drains away
from the kasin, for example to Rock Creek, then underflow values
would be less than expected.

WATER QUALITY

SURFACE WATER QUALITY
The averaged chemical analyses for the stations described below
are listed in Table 20. The individual analyses are listed in
Appendix D.

Bannock Creek - South Reservaiion Line

The water of Banncock Creek, where it enters the reservation in
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95/33E-34dd, is fairly high in dissocolved solids. This is es-
pecially true with the hardness, chloride, and ammonia levels.
There is also an apparent seasopal fluctuation in which the
higher values occur during the late winter and early spring
months, Nutrient levels are not unusually high, with the excep-
tion of ammonia. It averages 0.14 mg/l, but 1s still well within
the recommended ievel for drinking water. Turbidity is also
higher than normal, even during base flow conditions, and pro-
bably reflects the agricultural practices and presence of live-
stock in and around the creek.

West Fork

The springs of West Fork discharge water of a fairly constant
chemical quality. The water is low in chloride, sulfate, fluoride,
and nutrients. It is less mineralized than the Bottoms Springs
water. The only fluctuation to occur in quality was the result

of snowmelt runoff from the surrounding dry farm area. Little
change in dissolved solids resulted,but a large increase in tur-
bidity occurred. The seasonal variation in spring discharge had
little effect on its chemical quality.

Upper Bannock Creek

The guality of Bannock Creek at the upper recording station is

a result of West Fork's diiuting effect on the quality of Bannock
Creek. As West Fork's flow varies greatly throughout the year,
its influence on Bannock Creek varies proporticnately. The base-
flow turbidity is lower below West Fork. However, snowmelt floods
result in very high levels, due to the large amount of farming

in the basin.

Rock Springs 1 and 2

These two small springs criginate in 2S/33E-34a near the Arbon
Valley Road and flow west to Bannock Creek. They are used as
stock water sources. These springs drain the Fish Haven Dolomite.
The water is fairly similar in chemical gquality to Bannock Creek
in this area.

Moonshine Creek

The source of much of the baseflow in Moonshine Creek is spring
flow that enters near the mouth of the creek. The water probably
discharges from the variety of limestone and dolomite beds in the
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area. The chemical quality is fairly constant throughout the
vear, with the exception of =pring runoff. The stream near

the mouth maintains a relatively high temperature throughout

the year, due to the proximity of the spring source. The qual~
ity is similar to Rock Springs and slightly more mineralized than
the Bottoms Springs water.

Rattlesnake Creek - East Boundary

Rattlesnake Creek, where it enters the reservation, is similar

in some respects to Bannock Creek as it enters. There are higher
than normal levels of turbidity, chloride, hardness, and phos-
phate. The quality exhibits a fairly erratie nature, probably
due to the impacts of human activities in the upper basin. These
include irrigation, livestoeck, and dry farming. The creek has
higher than normal turbidity throughout the year, with levels
above 2,000 FTU's during spring flooding.

Crystal Creek

Crystal Creek provides water of lower than normal dissclved
solids content which acts to somewhat dilute Rattlesnake Cresk
chemi¢al levels after it enters the reservation. The flow is
small and completely dried up during the summer of 19277. The
quality was fairly uniform throughout the year while the stream
flowed.

Midnight Creek

Midnight Creek contains some of the better quality water in the
Bannock Creek Basin. It acts to further dilute the dissolved
solids content of Ratilesnake Creek. The water contains fairly
low levels of dissolved minerals and nutrienis, and maintains
these levels through the year with little variation. Both temp-
erature and turbidity also remain iow throughout the year. Tur-
bidity remains low even during spring runoff.

Rattlesnake Creek

Rattlesnake Creek at Arbon Valley Road, just above its juncture
with Bannock Creek, still exhibits variations due to off-reserva-
tion impacts, although the magnitude has been dampened by the
inflows of Crystal and Midnight Creeks. Nutrient levels do not
appear to present any problem. although phosphate levels are




higher than normal. Turbidity levels also remain high through-
out the year, with levels exceeding 3,000 FTU's occurring dur-
ing spring runoff. Most of this is probably derived from off
the reservation.

The U.3. Geological Survey began monitoring Rattlesnake Creek
with one low-flow sample taken each year since 1875. This
analysis is limited to temperature and conductivity.

Officer Spring

Officer Bpring is located in 8S/03E-Section 28a, on the west
side of the valley just below the confluence of Rattlesnake

and Banncck Creeks. 1Its quality is fairly representative of
most springs in Arbon Valley and similar to the Bottoms Springs
quality. The water is probably derived from the Garden City
limestone. The flow was estimated to be only a few tenths

of a cfs in 1977.

Starlight Creek

Starlight Creek was monitored three times during 1976. The
February sample represents the maximum spring flood flow, with
resultant low levels of most dissolved minerals. Only turbidity
and phosphate were higher than normal during the high flow. The
other two samples represent the baseflow chemistry, which is of
fairly good quality. The baseflow in late summer is very low,
visually estimated at only a few tenths of a cfs.

Warm Spring

Warm S8pring is a2 small spring located in 88/33E-10adac, in a
draw on the east side of Arbon Valley. The spring has a very
low flow, and is apparently derived from a rhyolite tuff of

the Starlight Formation. The one sample taken in March, 1977,
indicated a very low level of dissolved solids but had a temp~
erature of 88"F. Usually it has been found that a directly
proportional relationship exists between temperature and dis-
solved solids, as was noted in Yandell Spring. However, in this
case, the sulfate and hardness were very low. This is probably
due to the water flowing through voleanic rock types in this
area compared with the limestones in the case of Yandell Springs.
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Birch Creek

Birch Creek is a small stream that was sampled once in 1977 at
85/33E-4babb. Its chemistry is very similar to Warm Spring

toe the south, being fairly low in dissolved solids. However,
the springs feeding Birch Creek flow from Pre-Cambrian quartz-
ites rather than Tertiary volcanic rock.

Bannock Creek -~ Eagle Tail Rock.

One sample was taken at 7S8/33E-32dbba and represents Bannock
Creek before it is influenced by the Michaud Irrigation System.
The water here was found to be slightly more mineralized than
at the Upper Bannock Creek station, probably due to the inflow
of Rattlesnake Creek and the effects of the Bannock Minor Unit
Irrigation System.

Lower Bannock Creek

The lower streich of Bannock Creek was sampled at the recording
gage station in 68/33E~-20cc. During the summer the stream at
this poirt has been mixed with the irrigation water of the
Michaud System which includes Portneuf River water and ground
water. Due to this, the levels of most constituents were fairly
erratic through the year, The average nutrient levels were not
unusually high, although higher values of phosphate and ammonia
were sometimes found during the irrigation season.

Bannock Creek in this area is also monitored by the USGS, the
Bureau of Reclamation, and the EPA.

Michaud Creek

Michaud Creek was sampled at the monitorirg station in 6S8/33E-26adc.
Water guality here is fairly good, with lower than normal levels

of dissolved minerals, Turbidity, however, is unusualily high
throughout the year, reaching a maximum during the spring runoff.
This appears to be due to the high amount of livestock activity

in and around the creek.

Michaudé Gully

This gully runs parallel to Michaud Creek along part of its
length and flows only during snowmelt runoff. The water contains
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very high levels of turbidity which enter Michaud Creek.
The levels of dissolved minerals are low, reflecting its snow-
melt character.

Michaud Creek -~ Mouth

This station is located in 68/33E-~22abba, and was sampled .
twice to identify any downstream changes in chemistry. However,
no significant changes were noticed.

GROUND WATER QUALITY

The ground water sampled from two wells in the upper Bannock
Creek Valley indicate a chemistry generally less mineralized
than West Fork, the largest spring in that area (Table 21). The
wells are reported to be shallow, probably withdrawing water
from the valley fill deposits. It is interesting to note that
the predominant rock type of the Deep Creek Mountains that forms
the West TFork aguifer, -the Oguirrh Formation, is similar in age
and character to the Wells Formation, which is associated with
the very hard water in the vicinity of the Gay Mine. In the
Bannock Creek area, however, the water discharging from the
formation is significantly less mineralized, with negligible
sulfate.

In the lower section of the Bannock Creek Valley and adjacent
area of the Snake Plain, several of the irrigation wells on the
Owl Canal discharge water that is significantly more mineralized
than either the upstream Bunnock Creek ground water or the adja-
cent Snake Plain water. The water ig withdrawn from depths of
200 to 300 feet and is high in hardness and chloride. The water
may be derived from the Tertiary volcanie rocks that form the
headlands of the Arbon Valley ranges. Some geothermal activity
has been noted in the area north of Rattlesnake Creek and south
of the Snake Plain and may be partially responsible for the

high levels in this area.

SUMMARY
The spring flows that discharge into the streams of the Arbon

Valley are relatively low in dissolved minerals when compared
with other upland areas of the reservation. They also maintain
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a fairly uniform nquality throughout the year. However, stresses
on the guality of the surface waters are present both on and

off the reservation, primarily due to agricultural activities.
Both Bannock and Rattlesnake Creeks contain higher than normal
levels of bhardness, chloride, Autrients, and turbidity when they
enter the reservation. The concentrations are fairly erratic
throughout the year, and become somewhat diluted within the
reservation due to the inflow of less mineralized spring water
and less intense agricultural activities. Within the watershed,
turbidity is considered by the State of Idaho as the primary
impact on Bannock Creek water guality. Banhock Creek in its
lower reach also receives irrigation return Tlows From the
Michaud canal system.
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SHAKE RIVER PLAIN

BASIN DESCRIPTION

The Snake River Plain is the deminant geologic and hydrologic
feature in southern Idaho. It is a broad plain, 30 to 75 miles
wide, which extends in an arc from the Idaho-Wyoming border

into Oregon. The plain is bordered on the north and east by the
Rocky Mountain Province and on the south by the Basin and Range
Province. The plain itself is the eastern extension of the
Columbia Plateau Province. The boundary between the Snake Plain
and the Basin and Range Provinces runs through the Fort Hall
Reservation, generally separating the lowlands from the hilly
uplands. The area of the Snake Plain which is on the reserva-
tion is approximately 178 square miles. The foot hill areas
that drain directly to the plair and are not included in any

0f the separate basin descriptions include an additional 91
square miles. Thus the total plain and foothills arez com-
prises 33 percent of the reservatiou.

The Snake Plain area on the reservation is comprised of three
primary units. These are Gibson Terrace, Michaud Flats, and
the Fort Hall Bottoms. Gibson Terrace is here considered to
extend south of the Blackfoot River, including the area north
of the Little Indian Canal, to the Portneuf River, and west

af the Main Canal. The elevation of much of the terrace within
the reservation ranges between 4,420 and 4,450 feet, increasing
to near 4,500 feet near Blackfoot. The elevation of the sec-
tion northeast of the Lincoln Creek basin ranges between 4,550
and 4,600 feet.

The Gibson Terrace is bordered on the west by the Fori Hall
Bottoms. The Bottoms extends southwest from Ferry Butte and

is bordered generzally by the Snake River and lower Portneuf
River. The elevation ranges from 4,320 feet near the junction
of the Portneuf and Snake Rivers, to 4,400 feet near Ferry Butte.
The American Falls Reservoir regularly innundates the lower
Bottoms area to a maximum elevation of 4,354 feet. The area
referred to in this report as the Portneuf Betioms is that part
of the Fort Hall Bottoms that borders the Portneuf River, sepa-
rating Gibson Terrace from Michaud Flats,
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Michaud Flats is geologically similar to Gibson Terrace and
extends west from the Portneuf River to the western reserva—
tion boundary. It lies between the Fort Hall Bottoms and
American Falls Reservoir to the north and the foothills of
the Bannock Creek basin to the south. The elevation ranges
from 4,390 feet near the western end to 4,450 feet near the
Portneuf River.

All of the main streams draining reservaticn lands flow
across the Snake Plain along their lower reaches., These are
the Blackfoot River, Lincoln Creek, Ross Fork Creek, Portneuf
River, Bannock Creek, and the Snake River. The Snake River is
considered as & separate hydrologic unit, or drainage basin,
due to the large ground water supply associated with it. The
Snake Plain aquifer discharges into the Fort Hall Bottoms,
producing a multitude of springs, among them Spring Creek,
Clear Creek, Jimmy Creek, Diggie Creek, Wide Creek, and Jimmy
Drinks Springs. This ground water also affects the flows of
the streams crossing the Plain. Consequently, for this re-
port, the drainage basins of the upland creeks are considered
to end at the point where they enter the Snake Plain. The
lower reaches of the stream, along with the Bottoms Springs
are considered as part of the Snake Plain system.

GECLOGY

The Snake Plain area of the reservation, including Gibson
Terrace, Buckskin Basin, Michaud Flats, and the Fort Hall
Bottoms, is underlain by volcanic rock at varying depths.

This rock is primarily basalt but in places is rhyolitic.

The basalt has a fairly level surface under much of the plain
within the reservation, sleoping slightly to the west and south.
Two geologic cross sections, Figures 58 and 59, were constructed
from well log information on Gibson Terrace. The elevation of
the top of the basalt east of Ferry Butte is approximately
4,350 feet, nearing 4,400 near Blackfoot. Near Fort Hall, the
level falls off to near 4,200 feet. The upper level of the
basalt below the Fort Hzll Bottoms is unknown, as no wells
exist there, although it would appear to be near the 4,200-foot
elevation. The elevation of the top of the basalt continues

to about 4,200 feet under the Michaud Flats area, falling off
1o below 4,100 feet near the western end. A geologic cross
section through Michaud Flats is shown in Figure 60.
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The basalt also forms several upland areas, including Ferry
Butte, Gibson Butte, and Buckskin Basin. The basalts overlap
the rhyolite volecanics that form the headland areas of the
mountain ranges. The basalt in the upland areas generally
rises up to 4,700 feet, although Gibson Butte reaches 5,200
feet.

Within the reservation, the thickness of the basalt beneath

the Snake Plain is not known. Few of the deep wells are known
to fully penetrate the lava. At most, the irrigaticn wells on
the plain have penetrated 300 feet of basalt to obtain suffi-
cient water. This basalt forms the most productive aquifer

on the reservation. The water is primarily found in cinder
zones separating individual basalt flows. Only near the
eastern end of Buckskin Basin have wells penetrated to the
bottom ¢f the basalt, where it seems to be pinching out against
the older rock.

The basalt underlying Gibson Terrace and Michaud Flats is

covered by a varying thickness of unconsolidated sediments

that also forms an important aquifer. These sediments have

been divided into three formations: the Raft, the Ameriean Falls,
and the Michaud Gravel.

The Raft Formation was deposited on top of the baszalt flows after
volcanic activity ceased for a time. It is described by Trimble
and Carr {1876) as primarily silts ard sands with some gravel
zones near the bottom. They place the top of the formation near
4,320 feet (Carr and Trimble, 1963).

Based on the well logs of Michaud Flats, the Raft Formation in
that area is generally composed of coarser material in the lower
part and comprises a major aquifer. It is this zone from which
most irrigation wells on Michaud Flats take water. The forma-—
tion contains at least two lake clay deposits, both of which
pinch out in the eastern part of Michaud. The most productive
gravel zone exists between 4,270 feet and the top of the baszlt,
below 4,200 feet. Between 4,320 and 4,270 feet the formation

is composed mainly of sands and silts. Few wells tap this

zZone.

The Raft Formation ir this area was deposited by north flowing
tributaries of the Snake River. The Snake at this time is

believed to have flowed closer to the northern edge of the Snake
Plain.
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In the Gibson Terrace area, the Raft Formation is composed al-
most entirely of sand and gravel. TFew irrigation wells tap
this gravel; most pass through it into the basalt. The graveil,
however, is the main domestic water source. These gravels may
have been partially contributed by the S8nake River as it was
forced to the southern edge of the Plain by basalt flows.

The Raft Formation is overlain by the American Falls Formation
in both the Gibson and Michaud areas. This formation was
caused by the damming of the Snake River by the Cedar Butte
basalt flows that occurred approximately eleven miles south-
west of the present American Falls townsite.

The American Falls Formation was described by Ridenour (196%).
According to his analysis, the basalt flows obstructed the

Snake River twice. The first diverted the Snake River and
caused deposition of sands and silts up to an elevation of
epproximately 4,380 feet. This deposition comprises the lower
member of the formation. 'Then a second flow of the Cedar Butte
Basalt completely dammed the Snake River, forming the ancestral
American Falls Lake. The silts and clays deposited in this lake
form the upper member of the Tormation. This formation extends
up to an approximate elevation of 4,400 feet. In the Michaud
and Gibson areas, well logs indicate a thickness of approxi-
mately 30 feet of this clay layer. The clay seems fairly con-
tinuous in the Michaud and Gibson areas, thinning slightly to
the northeast. The cross section east of Ferry Butte (Figure 58)
shows the clay bed tc be less than ten feet thick and discon-
tiruous, possibly indicating the upstream extent of the lake.
Near the hills along the edge of the plain, some well logs in-
dicate considerable sand and gravel within the clay layer, pos-
Sibly due to alluvial fan or delta deposits advancing into the
lake.

On the northwest side of American Falls Reservoir., the Raft
Formation is overlain by the Big Hole Basalt {Carr and Trimble,
1963) which oeccurs near the surface. This basalt flow oeccurred
pricr to the American Falls Lzke, and probably formed the
northern boundary cf the lake.

Above the lake beds exists another gravel deposit. In the
Michaud area, this has been identified as the Michaud Gravel
{Trimble, 1978) which was deposited directly on top of the
lake clays by the Bonneville flood. This flood resulted from
the overflowing of Lake Bonnevilile, the lazrger ancestor of

~133~

T’




T

Great Salt Lake. The flood came down the Portneuf River val-
ley and into ancestral American Falls Lake, destroying the
basalt dam and emptying the lake. The gravel deposited by
the flood extends north almoest to Ross Fork and west beyond
the reservation., In most places on Michaud Flats, the gravel
is between 20 and 50 feet thick. The gravel becomes coarser
in the easterly direction, with some boulders in the Poca-
tello area reaching eight feet in diameter.

On the Gibson Terrace, the American Falls Lake Beds are cov-
ered by a 20 to 60-foot layer of sand and gravel. This gravel
to the north of Ross Fork may not be part of the Michaud Gravel,
but rather may have been deposited by the Snake River at about
the same time.

The Fort Hall Bottoms area is probably geologically similar to
Gibson Terrace and Michaud Flats. It has been created by
erosion of the Spnake River and tributary streams to its present
level. '

In the upland areas of the Snake Plain to the east of Gibson
Terrace, the volcanic hills are overlain by varying thicknesses
of unconsolidated sediments. Ross Fork was impounded for a time
by the basalt flows to the east of the Main Cenal to forma lzke
in the Buckskin Basin area. This lake accumulated approximately
80 feet of silt and sand deposits. The lake was destroyed
either by filling with sediment or the erosion by Ross Fork
through the basalt flows (West & Kilburn, 1963). Higher hills
in the area, including Gibson and Ferry Buttes, are covered

with wind-blown silt {loess) of varying thicknesses.

HYDROLOGY
DATA SOURCES

The USGS maintains recording gaging stations at three locaticns
on the Snake River in the vicinity of the Fort Hall Reservation.
These are above the Blackfoot River near Shelley (130800), just
downstream of the Blackfoot River near Blackfoot (130685), and
downstream of the American Falls Reservoir at Neeley (130770).
The Snake River between the upper and lower stations receives
all of the runoff from the reservation.
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The major tributaries within the reservation are all monitored
by the USGS in their lower reaches as they cross the Snake
Plain. These are the Blackfoot River (130685), Ross Fork
(130759.6), Portneuf River, and Bannock Creek (130762); the up=
stream areas of which are described in their respective chap-
ters. Currently, the USGS monitors tine Portneuf at Topaz,
Pebble, and Pocatellc. After the Portneuf enters the reserva-
tion, it is monitored at two loecations. The first (130755.09)
is at the Siphon Road Bridge (58/33E-36dec) where periodic
measurements have been made since 1973. The second (130758.1)
is located downstream in 38/33L-36a, where summer measurements
have been made since 1924 as part of the American Falls Re-
servoir inflow studies.

Several springs have been monitored during summer months since
1924 as part of the American Falls Reservoir inflow studies.
These include Spring Creek at the Cable Bridge (130759.85),
Jimmy Creek (1380759.9), Kinney Creek ( 130759.9) Clear Creek
(130752.3), Ford Creek (130759.4) and Wide Creek (130759.2).
Also Spring Creek has been monitored near its source at Ferry
Butte (130759.8) periodically since 1974,

For this study, monthly measurement stations were maintained
at several USGS stations to provide year-round measurements,
These were at Spring Creek (Cable Bridge), Jimmy Creek, Clear
Creek (including Ford Creek), and Wide Creek. In addition,
stations were established on the Fish Hatchery Springs near
Ferry Butte, Diggie Creek {including Mud Slough), and the
Jimmy Drinks Last and West Branches.

On the Portneuf River, a staticn was established near the
Siphon Road Bridge at the Michaud Pumping Station; a second
below the inflow of the Jimmy Drinks Springs and Clear Creek
(58/33E-28aab); and a third near the river mouth at 63/32E~9a.

The USGS monitors four wells on the Snake River Plain within
the reservation. One is located on the Fort Hzll Bottoms at
the base of Ferry Butte (43/34E~53ced), one on Gibson Terrace
(58/34E-20cbb}, and two on Michaud Flats (88/33E-35ccd and
65/32E~-27add). These wells have been monitored since 1955,

The two on Michaud Flat currently have automatic recorders,
while the other two are measured monthly or semi-annually. A4l:l
four wells only partially penetrate the gravel aguifer above
the basalt.
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For this study, four water level recorders were maintained
on wells on the Snake Plain. One monitored a perched water
table northwest <f Fort Hall in 48/34E-28cdcc. The other
three monitored the main aguifer. Two wells peneatrated the
basalt aquifer on Gibson Terrace (38/35E-2la and 48/35E-17a)
while one penetrated the gravel aquifer on Michaud Flats
(65/32E-26ba). In addition. 23 wellg were monitored on a
monthly basis on Gibson Terrace, with additional wells
checked periodically. On Michaud Flats, 14 wells were moni-
tored monthly, with additional wells checked periodically.

SURFACE WATER

The Snake River Plain within the reservation forms a separate
hydrologic basin, due to the unique ground water flow condi-
tions. The Gibson Terrace and Michaud Flats form the upper
level of the Snake Plain basin. This terrace system is crossed
by the four streams that drain the reservation lands: the
Blackfoot River, Ross Fork, Portneuf River and Bannock Creek.
Other than these streams, the terrace has no natural pereagnial
surface drainage due to the high permeabiiity of the subsoil.
The Fort Hall Bottoms forms the lower level of the Snake Plain.
This is the area of the large ground water discharge from the
Snake Plain aquifer, second only to the Thousand Springs near
Buhl. Numerous springs exist throughout the Bottoms: however,
much of the discharge is concentrated in two areas. The larg-
est discharge originates near the southwest side of FPerry Butte,
giving rise to Diggie Creek and Spring Creek. The second area
lies pear the junction of the three terrace units on the Port-
neuf River, and gives rise to the Jimmy Drinks Springs and

Wide Creek. The Snake River, which receives all surface runoff
from the reservation, flows across the Bottoms, forming a por-
tion of the reservation boundary. The hydrology of the springs
is discussed first, followed by the tributary streams that cross
the Snake Plain.

Hatchery Springs

Hatchery Springs is a group of several springs on the northwest

side of Ferry Butte. There are three separate channel ocutlets

to the Snake River, all of which are regulated by the commerical
fish hatchery in operation there. A limited flow history is
available for these springs. Hydrologists for the Bureau of
Reclamation measured two springs in this area bhetween 1926 and 1928,

~-136-




designated only as Indiapn Springs 1 and 2. 1t is not known 1if
this represents the total flow of the springs. The combined
mean flows, based on thelir summer measurements, were:

1928 44.9 cfs
1927 58,3 cfs
1928 69.3 cfs

These “discharges are far below the current flows. The combined
measurements of the three springs taken during this study are
shown in Figure 61. These measurements, including two by the
USGS, indicate an average flow of 103 c¢fs. Although the record
is limited, it indicates the presence of a seasonal variation
that matches the general ground water table fluctuaticon: low
during the spring and high during the fali. However, insuffi-
cient data is available at this time to establish a meaningful
flow history for this spring system.

Diggie Creek

Diggie Creek is formed by two tributary springs that originate
on the west side of Ferry Butte. The two springs, Mud Slough
and Diggie Creek, filow parallel, Jeoin, and enter the Snake River.
Diggie Creek is susceptable to fleooding from Snake River over-
bank flow, and was completely inundated by the Teton Flood of
June, 1975. This spring is believed to be the Indian Spring #3
monitored by the Bureau of Reclamation between 1926 and 1928;
however, the exact locaticn of their measurements are not known.
The mean summer flows were:

1828 115 ofs
1927 128 cis
1928 164 cfs

This flow is extremely low in compariscn with present flows, and
may not represent the entire spring flow. The flow hydrograph

of Mud Slough is shown in Figure 62, while the combined flow of
the two tributaries is shown in Figure 63. Prior to 1975, the
tributaries were measured separately. After 1975 the combined
flow was measured by boat below the junction. Although the data
is limited, the hydrographs indicate the presence of the seasonal
cycle similar to the ground water table.

This spring is probably the largest spring on the Fort Hall
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Bottoms to directly enter the Snake River. Measurements ranged
between 240 and 280 cfs. The average of all flows measured dur-
ing this study, including two by the USGS in 1977, was 283 c¢fs.

Jeff {abin Creek

Jef{f Cabin Creek drains a relatively large area of the Bottoms
between Diggie and Spring Creeks. The spring, however, has s
very small discharge. It is believed to be the Indian Spring #5.
measured during 1926 to 1928 by the Bureau of Reclamation. They
recorded mean summer flows of:

1926 19.3 cfs
1827 22.1 cfs
1628 18.4 cfs

No flow measurements were made as a part of this study. The
USGS twice measured the flow in 1977, recording 22.8 cfs on
September 1J, and 19.5 c¢fs on dovember 17. The lower portion
of this spring is subject to {looding from the Snake River.

Spring Creek

Spring Creek is the largest spring-fed ecreek in the Fort Hall
Bottoms, both in discharge and channel length. It originates
on the southwest side of Ferry Butte, near the origin of Diggie
Creek. It flows parallel to the Snake River. along most of the
length of the Fert Hall Bottoms. then joins the Portnsuf River
about 4.5 miles upstream of its mouth. The channel is approxi-
mately 22 miles long, with an average slope of about four feet
per mile. The downstream guarter is regularly inundated by the
American Falls Reservoir. The flow measurements made during
this study, along with the majority of the previous measure-
ments, were made at the Cable Bridge, which lies near the half-
way point, or about 11 miles downstream of the source.

The mean flow at the Cable Bridge, based primarily on the 50
years of summer measurements made by the USGS, is 466 cfs.

The yearly average flows are shown in Figure 64. The majority
of the fiow is contributed in the upper streteh of the creek.
Periodic measurements by the USGS indicate that approximately
320 cfs originates at the source. as measured at the Broneo
Road Bridge. About 100 cfs is contributed between Bronco Road
and Sheepskin Road, with about 50 c¢fs added between Sheepskin
Road and the Cable Bridge. Measurements by the USGS at the
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mouth of Spring Creek indicatoc that n- significant increass
in flow occurs downstream of the Cable Bridge,

The overall pattern of the vearly flows (Figure 64) resembles
the pattern of annual precipitation at the Pocatello station
(Figure 6). Flows are noted to inerease during times of above
average precipitation. The majority of the average yearliy
flows are within ten percent of the mean Tlow.

Stage measurements made at the Cable Bridge indicate a slight
seasonal wvariation that corresponds to the behavior of the
Snake Plain aquifer. The totnl stage varintion, based on mea-
surements taken during this study, is only 0.23 feet (2-3/4 inches).
This small variation accounts for an 80 cfs change in discharge.
The stage measurements show the high discharges peak in September,
with the low cycle reached hetween February and May. The indi-
vidual flow measurements during the study are shown in Figure 65.

Spring Creel rarely experiences flooding, due to its greater
distance from the Snake River. One natural flnod of tke Snake
River is reported to have ocrurred during the 1880's whiech in-
undated the Bottoms. More recently, Spring Creek was inundated
with flood waters resulting from the Teton Dam failure of June,
1976, The flood water reached the creek just south of Bronco Road,
filling the entire channel. The flood waters entered the creek
over a three day period. The only other ocutside influence on
the flow is the contribution of irrigation return flow from the
North Canal which enters Spring Creek near Broneo Road. This
flow is rarely measured, but is probably in the neighborhood

of several cfs.

Big Jimmy Creek

Big Jimmy Creek originates in a group of springs located in
43/33E-26c, between Spring Creek and the Snake River. It flows
southwest and enters Spring Creek just below the Cable Bridge.
At one pcint, Jimmy Creek flows within 400 feet of the Snake
River channel. Thus it is susceptible to receiving flood waters
from the Snake. However, this is known to have accurred only
once during this study, at the time of the Teton Flood. In the
past, a significant portion of the Snake River flood flows di-
verted down Jimmy Creek. This affected measurements during the
Bureau of Reclamation's study in 1825 and 1926. It had been
feared that a significant portion of the normal Snake flow would
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divert down the creek, due to channel migration connecting the
two. However, subsequent channel erosion diverted part of the
Snake River flow away from Jimmy Creek.

Flow measurements were madée near the creek mouth in 55/33E-4db.
The average discharge, based on 48 years of summer measurements
by the USGS, is 30.5 c¢fs. The majority of the annual fliows
were within ten percent of the mean flow (Figure 66). The flow
pattern based on individual measurements (Figure 67) does not
exhiblit the same pattern as Spring Creek, in that the higher
flows occur during the spring. It resembles more a pattern ex-
pected of the Snake River. This may indicate that the level

of the Snake River is an overriding influence on the discharge
through lateral bank seepage or actual surface water transfer.
This could also account for the higher than normal turbidity
levels found in Jimmy Creek.

Clear Creek

Clear Creek flows along the base of the Gibson Terrace, east

of, and parallel to, Spring Creek. Unlike Spring Creek, Clear
Cresek increased in flow along its entire length. The creek joins
with Ross Fork near the maximum extent of the American Falls Re-
servoir. After this junction, the creek enters the Portneuf
River, between the two branches of Jimmy Drinks Spring. The creek
raceives some irrigation return flow from the Gibson Drain at
about the channel's halfway point. This flow is usually not
monitored, and may add several cfs during the irrigation season.
The creek did receive overbank flow from the Snake River-Teton
flood. However, this is the only known occurrence of flooding

on the creek.

The mean flow of Clear (reek, based on the 30 years of available
records, is 134 cfs. The mean annual flows (Figure 68} are
generally within ten percent of the total average, as is usually
found in these springs. The overall pattern is similar to

Spring Creek, with above-average flows between 1945 and 1955,

and between 1965 and 1975, corresponding to precipitation changes.
There also seems to be a slight increase in discharge through
this cycle. This may be due to impacts of land use changes on

the Gibson Terrace, particularly with respect to irrigated agri-
cuiture, and the contribution of return flow from the Gibson Drain.
The record of recent flow measurements (Figure 692) also suggests

a seasonal flow pattern similar to Spring Creek, with higher
discharges occurring in late summer.
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The discharge measurements for this study were made downstream
of Ford Creek, a small tributary. The USGES monitors both
streams separately. Consequently, for this analysis the two
USGS stations were combined. The creek probably receives ad-
ditional flow below these stations. This would be accounted
for in the gains to the lower Portneuf River.

Kinney Creek

Kinney Creek is a relatively small spring that flows hetween
Clear Creek and Spring Cresk. Approximately half of its chan-
nel is regularly inundated by the American Falls Reservoir.
The creek enters the Portnsuf River between Spring and Clear
Creeks.

No measurements were made on the spring as a part of this study.
The USGS has, however, measured summer flows since 1924, the
average flow of which is 28.1 cfs. The yearly flows are very
consistent (Figure 70), although the increase in flow evident
in other springs around 1970 is not apparent. The 1977 mean
flow is the lowest on record, being 87% of normal.

Batiste Spring - Papcose Spring

Batiste Spring is the first large spring on the Portneuf River
as it enters the Bottoms area. It lies upstream of the reserva-
tion, and contributes a significant flow to the Portneuf. Few
flow measurements have been recorded on this spring. The USGS
nas recorded four discharge measurementis:

9/14/25 50 ¢fs (estimated)
6/10/70 46 cfs

10/6/70 32 cis

g/29/71 7.2 cfs

The last measurement may have been affected by fish hatchery
use of the spring and is assumed to be in error. For this study,
a figure of 45 cfs will be used as the assumed average flow.

Papoose Spring straddles the reservation line on the west side

of the Portneuf, and enters the river within the reservation. A

fish hatchery is in operation on this spring. Only one published
measurement of the flow is available. Stearns and others (1938,

p.138) put the discharge at Tabout 75 cfs" on September 14, 1825.
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FIGURE 7O0.
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Wide Creek

Wide Creek originates in = group of small springs named Twenty
Springs, just north of the Michaud Pumpirng Station on the west
side of the Portneuf River. It flows northwest, parallel to

the Portneuf, and receives additional flow from Tindaba Spring

to the west and Poongrah Spring to the east. Ground water inflow
directly into the channel itself also increased the flow in the
downstream direction. The creek joins the Portneuf River just
upstream of Jimmy Drinks Spring, and is susceptible to flooding
during high reservoir levels in the downstream reaches. Flow
measurements were made downstream of the Tindaha Spring inflow.

Figure 71 shows the mean yearly flows since 1925, based on

the available data. The mean flow, based on all measurements,
is 57.4 cfs. Variation in the mean annual flows is usually
within ten percent of the total mean. The graph shows the char-
acteristic peak around 1950 that is representative of most
springs on the Bottoms. However, the peak arcund 1970 is not
evident. Rather, the yearly flows have been declining slightly
since 1950. The plot of recent flow measurements {(Figure 72)
illustrates the characteristic seasonal variation, with lower
flows during the spring and higher flows in the fall.

Jimmy Drinks'Springs

Jimmy Drinks is a group of springs that rise west of Wide Creek
and flow northward to enter the Portneuf River. It is the largest
spring complex on the south side of the Portneuf. The springs
diverge in twe branches which were measured separately. To the
author's knowledge, no previous measurements have been made on
these springs by any government agencles, despite the extensive
monitoring that has accompanied the existence of the American
Falls Reservoir. Both springs are susceptible fto inundation at
the maximum reservoir stage.

The east branch is the larger, and was measured near its junction
-with the Portneuf River. The flow measurements are shown in
Figure 73. The total average of these measurements is 103 cfs.
The hydrograph illustrates the characteristic seasonal wvariation
found in other springs. The west branch was measured near the
reservoir’'s maximum fill line, about halfway along its channel.
The discharge measurements are illustrated in Figure 74. The
mean flow, based on all measurements, is 35.4 cfs. Some move-
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ment of the meazsuring station occurred when the reservoir reached
its maximum stage in 1978. This may have some effect on reducing
the apparent discharge during the later spring and early summer,
as ground water is contributed along its entire length.

Blackfoot River — Snake Plain Reach

The Blackfoot River flows across about 28 miles of the Snake

Plain until it joins the Snake River at Ferry Butte. The channel
is perched above the regional water table along this entire stretch.
During the fall, when the water table is at its highest level, it
ig about 30 feet below the river near the town of Blackfoot. Given
the perviocus guality of the surficial material, the stream would

be expected to lose water to the aguifer. However, this loss is
not easily quantified, due to the number of irrigation diversions
and drains thnat affect the flow of the lower Blackfoot. Studies

by the USGS (Mansfield, 1920) have indicated that littie water

ig lost from the river upstream of the Fort Hall Main Canal head-
gates. KNo such measureménts have been made on the river below
Blackfoot.

Ross Fork - Sanake Plain Reach

Ross Fork is intersected by the Fort Hall Main Canal as it enters
the Gibson Terrace portion of the Snake Plain. During non-irriga-
tion seasons, the creek passes through the empty canal with little
interference, although spring flood flows may be partially diverted
into the canal. During the irrigation season, the creek enters

the canal with excess canal water discharged down the Ross Fork
channei. During low water years, as in 1877, little water is
diverted down the channel.

The creek crosses the Gibson Terrace with little valley develop-
ment until it reaches Siler Road, one mile west of Fort Hall.
From this point, the creek has cut a valley into the Gibson Ter-
race sediments that gradually deepens until it joins the Fort
Hall Bottoms. The creek channel is perched above the water takle
until it passes Fort Hall. ©Near Hawthorne Road the creek inter-
sects the water table and begins to collect springflow from the
valley sides. The discharge increases throughout the reach until
the creek joins with Clear Creek. During the summer, the creek
also receives irrigation return flow from several laterals and
the ‘Tyhee wasteway. This, coupled with the regulation of the
stream zt the Main Canal, exerts & strong influence on the dis-—
charge at the creek's mouth.
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A measuring station was established just below the Main Canal
crossing to provide information on the inflow to the Snake Plain
area. The discharge measurements are shown in Figure 75. A
station was established near the creek's mouth by the USGS in
1924 to measure flows during irrigation seasons. Additional
measurements were made at this station as a part of this study.
The average discharges based on all available data for each
water year are shown in Figure 76. Individual measurements
taken during this study are shown in Figure 77.

The discharge history shows a pattern different from other springs
on the Bottoms. Prior to 1948, the discharge near the mouth
averaged near 40 cfs. This suddenly increased in 19248 to near

60 cfs, and continued until 1967. The lower measurements may have
peen due to a portion of the flow being unmeasured by the USGS

as noted in their records (USGS, 1970). The average flows again
increased after 1967, gradually increasing each year until 1976.
The most probably cause of this later increase 1s the development
of extensive ground water irrigation north of the creek in the
iater 19680's.

During the non-irrigation seasons, measurements at the inflow and
outflow stations indicate increases in flow of between 45 and 62
cfs, or an average of about 55 cfs., This is taken as the present
average ground water inflow tec the creek.

Portneuf River - Snake Plain Reach

The USGS maintains a gage on the Portneuf River at Poecatello,
which records the river's discharge as it approaches the Snake
Plain. The record of this station, showing mean annual discharges
for each water year since 1812, is shown in Figure 78. This re-
cord shows a strong correlation with the precipitation records.
The total mean flow at this station is 270 cfs.

Downstream from Pocatello the Portneuf channel falls below the
regional water table. In the vicinity of Batiste Springs, the
channel begins to collect ground water, either as distinet spring-
flow from the valley sides or as seepage directly inte the channel.
The USGS, since 1824, has taken summer flow measurements at a site
approximately one mile downstream of Siphon Road, or about 1.5
miles within the reservation. The water year mean Ilows are

shown in Figure 79. The comparison of this station with the Poca-
tello gage coffers some indication of the amount of ground water
inflow in this stretch. These calculations are somewhat confused
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by other inflows in this area of the river. The foremost in
volume is Pocatellc Creek, which during the irrigation season
drains off excess water from the Fort Hall Main Canal. No

regular measurements are made of this flow. The seccnd largest
inflow wvolume is the industrial and municipal effluents dis-
charged primarily from the two phosphate processing plants and

the Pocatello sewage treatment plant. These flows were estimated
at 17.5 cfs during 1975 {(Perry. 1877). The only major withdrawal
from the river is at the HMichaud Pumping Station for the Michaud
irrigation system. At a minimum, there appears to be an approxi-
mate 270 cfs gain in the Portneuf River between the two above-
mentioned stations. Accounting for varicus inflows, this in-
dicates about 240 cfs of ground water coatribution. There are
indications that the gain increases during the summer, however

it is not known if this is due to ground water inflow or in-~
¢creased irrigation return flow. It is apparent that about 120 cfs
of this inflow is accounted for in the flows of Batiste and Papoose
Springs. Thus an additional 120 cfs is contributed by other
smaller springs and seepage directly into the channel. Data in-
dicates that about 70 cfs of this is contributed between Pocatello
and Siphon Road, with the remaining 50 c¢fs contributed between
Siphon Read and the Tyhee S3tation.

In the stretch of the river between the Tyhee station and below
the Jimmy Drinks spring, the Portneuf receives, in quick suc-
cession, several large spring inflows. Wide Creek and the two
branches of Jimmy Drinks enter from the south of the river. Clear
Creek and Ross Fork join from the north. These springs, based on
their mean flows over a 50 year period, contribute 384 cfs to

the Portneuf. For this study, two stations were established on
the Portneuf to further guantify this inflow. One station was
established at the Michaud Pumping Station near Siphon Road
(Figure B80). The second was established approximately one half
mile below the Jimmy Drinks West Branch (Figure 81).

Six sets of measuremenis at these stations were made. These
measurements indicate that approximately 619 cfs is added to

the Portneuf in this stretch. Of this inflow, 398 cfs is accounted
for by the individual spring inflows. The remaining 220 cfs is
gspringflow contributed directly to the Portneuf channel or the
tributary springs below their measuring stations.

Of this 220 cfs, 50 cfs has been attributed to the stretch between
Siphon Road and the Tyhee measuring station. This leaves about
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170 ofs of ground water inflow to the Portneuf River between
the Tyhee station and the station below Jimmy Drinks Spring.

The lowest stretch of the river, from the station below Jimmy
Drinks Spring to the mouth, receives springflow from Kinney Creek
and Spring Creek, including its tributary Big Jimmy Creek. Mea-
surements along this stretch of the river are usually prohibited
by the reservoir backwaters. However, during 1977, the reservoir
was drained in connection with construction of the new American
Falls Dam. This permitted a unique opportunity for inflow mea-
surements in this reach.

The mezsurements near the river mouth macde on September 29 and
November 1, 1877, when compared with the upsiream station, indi-
cated gains of 871 and 637 cfs respectively. Discounting the
flows in the three measured springs. the unaccounted gain
amounted to 156 and 120 cis for the respective dates. Lacking
other comparable data, the average of these. or 138 cfs, is
taken for the unmeasured ground water inflow to the river. Mea-
surements by the USGS near the river mouth during this period
substantiate these conclusions.

To summarize, an average of 983 cfs is contributed to the Port-
neuf by springs monitored within the reservation. An additional
45 cfs is contributed by Batiste Spring upstream of the reserva-
tion. The unaccounted gain to the Portneuf has been mezsured at
428 cfs. This includes 70 cfs whnich enters the river upstream of
Siphon Road and 358 cfs which enters below Siphon Road. The
total ground water contribution to the Portneuf River is calcu-
lated to be 1450 cfs of which about 1340 cfs enters within the
reservation.

Snake River

The Snake River forms a portion of the reservation's boundary;
from the mouth of the Blackfoot River to the mouth of the Portneuf
River. The Snake is the largest drzinage in Idaho, and receives
all runoff from the reservation. The USGS maintains a gage just
below the mouth of the Blackfoot River. The hydrograph (Figure 82) ,
showing the mean annual discharge for each water year gince 19011,
exhibits a strong correlation with the precipitation record. The
mean flow for this 67 year period is 4800 cfs. The river above
the gage station is perched above +the water tabie. As it passes
the gage, however, the river drops to the elevation of the water
table and begins to receive ground water inflow.
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Three spring systems discussed above drain from the Fort Hall
Bottoms directly intoc the Snake River. These are latchery
Springs, Diggie Creek, and Jeff Cabin Creek. The approximate
mean flow of these springs is 387 cfs. Measurements by the
USGS in 1977 indicate a gain of 648 cfs to the Snake River be-
tween the gage near Blackfoot and the reservolr boundary. They
also recorded 72 cfs that entered the Snake from springs on the
northwest side. This leaves about 185 c¢fs that enters the
Snake directly, altihough from which side is not known. For
this analyeis, it will be assumed that half, or 92 cfs, enters
from the reservation lands. Further downstream, on land that is
usually inundated by the American Falls Reservoir, the Portneuf
River joins the Snake, delivering with it the remainder cf the
ground water discharge from the reservation lands. Thus the
total spring discharge from reservation lands in the Fort Hall
Bottoms is approximately 1830 cfs.

The USGS maintains a gage on the Snake River just downstream of
the American Falls Reservoir, at Neeley. The total gain in the
river between the gages at Blackfoot and Neeley was estimated
at 2500 cfs by Stearns and others {(1838), and at 2072 cfs by
Mundorff and others (1964). Springflow identified in this re-
port totals about 2100 ¢fs, of which 1820 originate from reser-
vation lands.

GROUND WATER
Focthills

The area designated as foothills are those portions of the uplands
that drain directly toward the Snake River Plain. They do not
contribute runoff to any of the Snake River tributaries discussed
in this report. Typically, the aress are underlain by either the
Tertiary rhyolite and ash depesits or the more recent basalt. They
may also be covered by alluvial fan deposits and loess. The areas
have no perennial surface drainages due to the rather high permea-
bilities of the soils and the small drainage areas. Consequently,
any precipitation that infiltrates into the seoil is recharged
directly ftc the ground water.

The foothills area of the reservation includes an area of 91

sguare miles. It receives approximately 11 inches of precipitation
per year, but most if not all is expected to be consumed by evapo-
transpiration. fThe water tables beneath the foothills are gener-
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ally continuous with that of the Snake Plain aquifer. Recharge
to aguifers beneath the foothills is assumed to be predominately
from the Snake Plain aguifer. The analysis by Mundorff and
others (1964) indicates that only one inch of precipitation

is available for runoff, accounting for 6.7 cfs (4853 acre feet).

Some ground water develcpment has occurred in these areas. Much
of this is in the benchland area west of Bannock Creek where hoth
private wells and the BIA's Owl Canal supplemental wells with-
draw irrigation water from the sand, gravel and volecanic ash
formations underlying the bench. Alsc, limited private develop-
ment for irrigation has occurred on the benchlands north of
Pocatello. The specific capacities of these wells range between
40 and 55 gpm/ft. of drawdown (West and Kilburn, 1963).

Gibson Terrace

Numerous wells were monitored on the Gibson Terrace to determine
the behavior of the ground water system. The agquifer in this
area is one of the most productive in the State of Idaho. 1In
the northern portion of Gibson Terrace, the water table shows

a strong response to the surface water irrigation that occurs
both on the terrace itself and along the Blackfoot and Snake
Rivers upstream of Blackfoot. The water table usually reaches
a low point in April. It then rises during the summer due to
the irrigation water recharge. Part of this water is probably
contributed by the Equalizing Reservoir on the Blackfcot River.
The highest water level is usually reached in September, when
much of the recharge ceases at the end of the irrigation season.
The magnitude ¢f this fluctuation increases in the northeast
direction toward Blackfoot, reaching as much as 30 feet between
spring and fail. It is mest pronounced in wells 38/35E-8dbde
(Figure 83), 10cbc (Figure 84), and 18daaa (Figure 85). The
magnitude of this cycle is reduced in the downstream direction,
indicating an increase in the aquifer's traasmissivity. Wells
to the southwest of the three previcusly mentioned exhibit
generally less than five feet of fluctuation. These are lo-
cated at 38/34E-27d4da (Figure 86), 33dcd (TFigure 87), 48/34E-2aa
(Figure 88}, and l5bbbb (Figure 89).

Well 48/34E-5cede (Figure 90) has been monitcored since 1855 by
the USGS. It is located near the sources of Diggie Creek and
Spring Creek on the Fort Hall Bottoms. It exhibits only & two-
foot fluctuation. This well showed a strong response to the
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Teton Flood of June, 1976. The ground water level peaked
approximately 24 hours after the flcod peak passed the Snake
River's Blackfoot gage. The water table rose about 1.3 feet
due to the recharge effect of the flood waters. This rise was
alsc noted in well 35/35E-18daaa {(Figure 85}, however the con-
tinued rise somewhat masks the effect. Additional information
on the hydrologic effects of the Teton Flood is available in

Ray and Kjelstrom (1878).

North of Ferry Butte Road, most wells are finished in the basalt
which lies between 50 and 100 feet beneath the surface. The
overiying gravel contains significant azmounts of water, however
the basalt comprises the majority of the aguifer thickness in
this area. Irrigation wells drilled in this area for tHe drought
relief program of 1977 were completed in the basali and generally
had specific capacities greater than Z00 gpm/ft. of drawdown.
They are capable of producing over 3000 gpm {Dow, 1878).

In the northern portion of Gibson Terrace, the water table
elevation ranges between 4410 feet near Ferry Butte and 4460
feet near Blackfoot during the fall. During the low portion of
the cycle, the range is between 4410 feet and 4440 feet, respec-—
tively. A slight decline in the water table over the study
period is noted in several wells, and is due to the declining
amounts of precipitation received during the 1970's.

In the central portion of the Gibson Terrace, between Ferry Butte
and Ross Fork, much of the land has been developed with ground
water irrigation. The wells in this area have perhaps the highest
capacities of any on the reservation. The water table in this
area ranges between 4410 and 4420 feet in elevation. Only toward
the western edge of the terrace does the level fgll below 4400
feet. Under much of the terrace the water level is less than

30 feet beneath the ground surface. The water table shows the
characteristic cyele of low during the spring and high during

the fall, however, the range is usually within two to three feet.
Figures 91 through 101 illustrate the water table behavior in
wells freqguently moniteored in this area. The irrigation wells
usually have pumping levels only five feet below the static level.
Well 4S/35E-17adb (Figure 1C1) best illustrates the seasonal cycle.
Very 1ittle interference is caused by the surrounding irrigation
wells., The siight decline over the study period is due to the
decreasing amounts of precipitation.
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In this central portion of the terrace, the basalt is generally
found between 100 and 200 feet beneath the surface (Figure 59).
Most of the overlying gravel sequence is saturated and forms

a very good aquifer; however, almost all irrigation wells pene~
trate through this gravel to withdraw water from the cinder
layers within the basalt. Specific capacities of these wells
are usually several hundred gpm/ft. of drawdown. A few wells
have been noted to exceed 1000 gpm/ft. of drawdown.

The area of Gibson Terrace south of Ross Fork is predominately
under surface water irrigaticn. A few irrigation wells have
been developed on the benchlands to the east. The basalt in
this area lies at greater depths. and almost all domestic wells
are finished in the overlying gravels. The elevation of the
water table ranges hetween 4400 and 4415 feet, and lies approxi-
mately 50 feet beneath the ground surface under muech of the
area. The water table fluctuates about two to three feet, ex-
hibiting the characteristic seasonal pattern usually found on_.
the Snake Plain. Figures 102 through 108 show the hydropgraphs
of the wells monitored in this area. Well 58/34E-20cbhbb (Fi-
gure 104) has been monitored by the USGS since 1964 and provides
a longer history.

Michaud Flats

The Michaud Fiats aquifer. between the Portneuf River and Ban-
nock Creek, has been extensively developed for irrigation and
industrial uses. Most of the water is withdrawn from the gravel
deposits of the lower Raft Formation (Figure 60). The under-
lying basalt lies near z depth of 200 feet beneath the eastern
portion of the flats. The basalt slopes to the west and exceeds
300 feet in depth toward the western end. Several of the irri-
gation wells in the eastern portion do penetrate into this
basalt.

The water table beneath the eastern portion of Michaud Flats

remains near 4402 feet in elevation throughout the yvear. Only

near the terrace edge along the Portneuf River does it fall off
slightiy. Wells monitored in this area are located at 55/33E-28cebb
(Figure 107), 35ccdd (Figure 108), 35dcde (Figure 108}, 68/33E-1ldacc
(Figure 110), 5 cacc (Figure 111), and 22babb (Figure 112). The
static levels in these wells fluctuate only about two to three

feet seasonally, with a eycle similar to that found on Gibson
Terrace. The wells that penetrate into the basalt have specific
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capacities of several hundred gpm/ft. of drawdown.

Toward the western edge of Michaud Flats, the aquifer appears to
decrease in capacity due to the inecreasing preseance of clay
layers and decreasing thickness of basalt. The water table in
this area respondsdifferently than the Gibson Terrace water
table. Here, the water reaches its highest level during the
spring, prior to the irrigation season. The estimated with-
drawal of 62 cfs (44,700 ac. ft/yr.) of ground water in the
Michaud area greaily depresses the water table toward the
western end by as much as 40 feet. Upoan completion of the
irrigation season, the water table begins to recover; steadily
increasing until the spring. Wells monitored in this area are
located at 58/32E-36cddd {Figure 113), and 6S/32E-l4zabb

(Figure 114). During the spring, the water level ranges be-
tween 4370 feet along the western edge of Michaud and 4400

feet near the western edge of the Pocatello airport. Near

the end of the irrigation season, the static level along the
western edge is lowered to about 4340 feet, while the static
near the airport remains near 4400 feet. The wells developed

in the gravels in this western portion have specific capacities
that generally range between 30 apd 50 gpm/ft. of drawdown.

This reduction may reflect the decreased capacity of the gravel
aquifer, but may alse be due in part to the method of well con-
structicon. In most of these wells, perforated casing is used
rather than well screens. This greatly reduces the water entry
area in each well and may restrict capacity. The gravel aquifer
of the Michaud area has presented well construction problems

not common to ihe basalt aquifer of the Gibson Terrace. Local
drilling and development methods used are insufficient to con-
struct efficient sand-free wells from this high-potential aguifer.

A portion of Michaud Flats lies south and west of Bannock Creek
between the foothills and the American Falls Reservoir. All of
the irrigation wells in this area withdraw water from the gravels
of the Raft Formation, except for those along the Owl Canal which
may penetrate the Tertiary volcanic deposits. The basalt, if it
exists in this area, exceeds 500 feet in depth. The water table
here is a continuation of that found to the north of Bannock
Creek. The highest level occurs during the spring, prior to the
irrigation seascon. The withdrawal of the ground water decreases
the water table cover 20 feet near the western reservation border.
After the irrigation season, the water table recovers. In the
southeastern portion, the water table recovers rapidly. This is
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illustrated by wells 683/33E-30ccbk (Figure 115), 78/32E-3dbd
(Figure 1186) and 7S3/33E-6cdab (Figure 117). To the north-
west, closer to the reservoir, the water table continues to
recover throughout the winter. This is illustrated by wells
65/32E-22cacc (Figure 118), 24bddd (Figure 119), 26ba (Fi-
gure 120), 27aace (Figure 121), Z7adca (Figure 122), and
33bbb (Figure 123).

WATER BUDGET

The Snake Plain portion of the reservation straddles a por-
“tion of the vast ground water flow within the baszlt and
gravel aquifer associated with the plain. The ground water
in this area within the reservation is supplied by four main
sources. In decreasing order of importance, these are:

1. Ground water infiow to the reservation within
the Snake Plain aquifer.

2. Irrigation recharge from the Fort Hall Canal
system.

3. Ground water from the tributary basins {(Ross
Fork, Portneuf River, etc.).

4. Precipitation recharge onto the plain and
foothills within the reservation.

The following table lists the contributions made by reservation
lands to the aquifer:

TABLE 22
Preciplation —wewecssmwovmnn e 18.8 cfs
Blackfoot River basin ground water--—--mrmemmmucuan 23.3 cfs
Ross Fork basin ground water --~----ceccmcmammuaeo 26.7 cfs
Upper Portneuf River basin ground water -~-e-v---- 9.6 cfs
Bannock Creek basin ground water --—-ermecmcomaaaan 35 cfs

(37% of total) TOTAL 114 cfs

The total recharge to the aquifer in the reservation stretch,
including cff-reservation sources, is shown in Table 23.
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TABLE 23

Precipitation (270 sg. mi.) =---emecmmmnnc 10,8 s (1o ever 1B
Blackfoot River basin ground water {124 sq. mi.}-----23.3 cfs
Rass Fork basin ground water {166 sq. mi,) w-wcoocot 26.7 cfs
Portneuf River basin ground water {1250 sq. mi.} ---190. cfs
Bannock Creek basin ground water {413 sq. mi.} ~rwwe= 94.5 cfs
Surface irrigation recharge--------veccmmmmmmnonaa. 207. cfs

TOTAL 561. cfs

The irripgation recharge was estimated by West and Xilburn
(1963). ©Significant increases in irrigation have been made
since that time, However, most of that water has been from
ground water sources so net increases may not be large. The
Michaud-Owl Canal system represents the only major surface
water system developed since that time, Therefore, West and
Kilburn's estimate may be somewhat low under current condi-
tions.

The precipitation value is bhased on an estimated 1.0 inch
that recharges into the plain and foothills area of the reser-
vation. This is related to an annual average precipitation of
10.8 inches. The total area of the Snake Plain and foothill
regions within the reservation is 270 square miles.

It has been documented in this report that 1820 cfs discharges
from the aquifer as springflow within the reservation. An
additional withdrawl of about 150 cfs is made within the
reservation for irrigation and industrial uses. An unknown
additional quantity also continues as unseen ground water that
leaves the reservation at the dowpstream end. This flow cannot
vet be accurately quantified, as there is inadeguate information
on the transmissivity of the aguifer. The values are too high,
particularly within the basalts, to be measured by conventional
techniques. During this study several attempts were made to
measure transmissivity in pumping wells but the pumping levels
stabilized too rapidly to provide meaningful results. The
study by Mundorff and others (1964) showed transmissivities
ranging between 3 million gpd/ft near Blackfoot to over 20
million gpd/ft under much of the Gibson Terrace. No esti-
mates were made for Michaud Flats. The available ground

.water information does indieate that the amount leaving as
ground water is relatively small, however. ‘Thus the total
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ground water fiow identified is at least 1970 cis, and may
exceed 2000 cis.

Thus at least 1410 cfs enters the reservation as ground water
inflow within the Snake Plain aquifer. As shown in Table 23,
the Snake Plain aquifer receives a gain of 560 cfs (405,000
ac. ft./yr.) as it passes through the reservation.

Interpretation of water table maps prepared in this study

show that a large portion of the ground water enters the reser-
vation upstream of Blackfoot, The water here flows almost en-
tirely within the basalt, The remaining portion enters the
reservation south of Blackfoot,flowing generally parallel to
the Snake and Blackfoot Rivers., The water flows generally
southeast toward Ferry Butte, with the upper portion of the
aquifer discharging in the Fort Hall Bottoms near Ferry Butte.
The ground water also flows through the Buckskin Basin and
Gibson Butte areas, then reenters the Snake Plain on Gibson
Terrace, and gradually turns to flow generally parallel with
the Fort Hall Bottoms, The main flow continues toward the
Portneuf River with the upper portion discharging into the
Clear Creek, Ross Fork and the lower Portneuf River springs.
Throughout the flow path across the Gibson Terrace the gravel
sequence thickens with a corresponding greater depth to the
basalt. Thus, the ground water continually flows from the
cinder zones in the basalt into the gravels.

The Portneuf valley underflow appears to pass partially be-
neath the headlands to the west of Pocatello and contributes
to the Snake Plain flow, These headlands are composed of
Tertiary volcanic deposits and could allow a significant flow
through the rock. The main body of ground water under Michaud
Flats gradually turns to a more westerly direection of flow.
The northern portion continues to discharge into the Portneuf
River. The aquifer diminishes in capacity toward the western
end of Michaud, with the ground water principally flowing in
the gravels of the lower Raft Formation. No evidence is avail-
able on the existence or character of the basalt in this area.
It appears that the water in the gravel zones may continue in
a westerly direction beneath the American Falls Reservoir to
reenter the basalts of the Snake River Plain downstream of

the reservation.
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WATER QUALITY

SURFACE WATER QUALITY
Tables 24 znd 25 list the averaged chemical analyses for
the Fort Hall Bottoms Springs and -‘Portneuf Bottoms Springs
respectively. Individual analyses are listed in Appendix D.

Fish Hatchery Springs

This group of springs is located on the northwest side of

Ferry Butte and is utilized by the Indian Springs Fish Hatchery.
The samples were taken at the mouth of the southernmost and
largest spring at 35/34E-31d. Host of the water from the

other springs is diverted through to this spring by the hatchery.
Only three samples were taken; there is no indieation of sea-
sonal variations. The water is representative of the average
Bottoms water, with slightly lower chloride and fluoride levels,
Based on this preliminary sampling. there is no indication of

any adverse impacts caused by the fish hatchery.

Diggie Creek - Mud Slough

These two creeks originate on the west side of Ferry Butte

and fiow parallel to the Snake River, then join before entering
the Snake about 2.5 miles below the spring sources., Mud Slough
is a tributary of Diggie Creek. The average quality of Diggie
Creek is representative of the Bottoms water, although the in-
dividual analyses were somewhat erratie. Diggle Creek oceasion-
ally receives overbank flow from the Snake River which would
temporarily affect the quality of the creek.

Jeff Cabin Creek

Jeff Cabin Creek is a relatively small spring that flows into
the Snake River in 48/33E-23b. Its flow was measured by the
USGS in 1977 at 21 cfs. The one sample taken was during the
Teton Flood when the spring was inundated by the floodwaters.

Spring Creek

Spring Creek is the major spring om the Fort Hall Bottoms.

It originates on the southwest side of Ferry Butte and flows
parallel with the Snake River. The creek was sampled primarily
at the Cable Bridge near the downstream end. Additional samples
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were also taken at the Fish Welir, the Sheepskin Road Bridge,
and the Bronco Read Bridge near the source. At the Cable
Bridge, dissolved mineral levels were found to be fairly
constant throughout the year. Samples taken at the other
staticns on the creek indicated that no significant changes
in chemistry occur in the downstream direction. Ground
water inflow along the channel maintains a moderats tempera-
ture throughout the year, ranging between 40°F and 800F at the
Cable Bridge. The water is classified as hard, and contains
fairly high levels of fluoride, relative to most reservation
streams. Turbidity is very low throughout the year, as very
little snowmelt runoff enters the creek.

The only flooding to occur on Spring Creek, apparently in
this century, was due to the Teton Flood, which inundated the
creek downstream of the Bronco Road Bridge. Little change in
chemistry resulted; however, turbidity levels were greatly
increased for approximately three days.

Spring Creek is also sampled frequently by various government
agencies. The USGS sampled at the Bronco Road Bridge until
1971, then moved to the Cable Bridge. The EPA sampled the
creek at Bronco Road from 1972 to 1974. Also the Bureau of
Reclamation sampled at the Sheepskin Road Bridge during 1968
for a reserveir quality study. The creek is slso sampled by
various state agencies.

Watercress Spring-

This is a small spring located. near the Spring Creek Fish Weir.
It flows into Spring Creek and was sampled once to invesitgate
downstream inflow to the Creek. 1Its chemical levels were

fouad to be almost identical with Spring Creek.

Jimmy Creek

Jimmy Creek was sampled at the flow measuring station at
58/33E-4dba, azbove the confluence with Spring Creek. The chem-
istry was found to be stable throughout the year, and fairly
similar to Spring Creek. The levels of some constituents were,
on the average, higher than Spring Creek, while some turbidity
was usually noted in the water.
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Clear Creek

Clear Creek was monitored at the flow measurement station at
58/33E-14bbb, above its confluence with Ross Fork. The creek
flows along the edge of Gibson Terrace, and receives agricul-
tural runoff through the Gibson Drain,

The chemical quality was found to be fairly consistent with
Spring Creek, and exhibited little seasonal variation. The
creek was also influenced by the Teton floodwaters along its
lower reach, which resulted in a slight dilution in dissolved
minerals and a large increase in turbidity.

A study of pesticide and PCB contamination following the Teton
Flood (Perry, 1977) found high levels of both DDT and PCB in
fish of the Fort Hall Bottoms. The higher levels were noted
in Clear Creek. The source of this contamination is at
present unknown.

Kinney Creek

Kinney Creek is from a relatively small spring and flows be-
tween Clear Creek and Spring Creek. It was not sampled during
this study, although it was checked hy the USGS in 1970 and
1871, Their analyses indicated that it is similar in quality
with the other springs in that area.

Batiste Spring

Batiste Spring is located at 63/34E-7acdb on the west side of
the Portneuf River. It is the uppermost spring of the Portneuf
Bottoms area. The Union Pacific Railroad withdraws some water
from the spring house at the source, and a fish hatchery is
operated on the lower reach of the spring. The spring itself
is upstream of the reservation, but was monitored due to the
erratic chemical guality and large influence on the Portneuf
River quality.

Samples taken during this study indicate high levels of hard-
ness, chioride, sulfate, phosphate, nitrate and ammonia. The
parameters were very erratic during the study period, with not
all parameters showing similar behavior. HNutrient levels, along
with sulfate, approach or exceed recommended levels for drinking
water,
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Sampling of this spring by various agencies has occurred inter-
mittently since 1930. The accumulated data shows a very def-
inite increase in mineral and nutrient levels over the years.
The older analyses show guality similar to the gquality now
found in most Bottoms Springs.

Recent studies have detected significant amounts of mercury,
arsenic, and cadmium; that, while not exceeding drinking water
standards, exhibit fluctuating concentrations (Goldstein, 1979).

Papoose Spring

Papoose Spring straddles the reservation boundary upstream of
the Siphon Road Bridge. A fish hatchery is operated on this
spring. The few samples taken here indicate the quality is
similar, but slightly higher., than the average bottoms water.
The spring is only one mile downstream from Batiste, but shows
no similarity with the chemical quality of that spring.

Siphon Road Spring

This small spring originates on the west side of the Portneuf
River just south of Siphon Road in 6S/33E-lbasa. It was sam-
pled once and found to contain the normal level of dissolved
minerals and nutrients for Bottoms Spring water.

Twenty Springs East, Wide Creek East

Wide Creek has its source just north of Siphon Road in 58/33E-36c¢
in a group of small springs named Twenty Springs. The easterly
group of springs is here referred to as Wide Creek East, while
the westerly group is referred to as Twenty Springs East. A
small spring that Joins Twenty Springs East is referred to as
Twenty Springs West.

Both Wide Creek East and Twenty Springs East have nearly iden-
tical gquality, and represent approximately 90 percent of the
total flow from Twenty Springs. The levels of dissolved solids
are siighliy lower than the average Bottoms water guality. No
noticeable seasonal variations were evident, as the levels

were very uniform throughout the study period.

Twenty Springs West

The quality of thne water in this branch of Twenty Springs is
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Strikingly different from the other branches., whize the nu-
trient levels ang temperature are identical, the other para-
meters such as hardness, chleride, sulfate, and fluoride are
significantly kigher. There is 8180 &n erratie battern to
these levels, which tend to indicate higher concentrations
during the winter, 2lthough this ig nct completely consistent.

Willow Spring
oMW SprIing

Willow Spring is the name given to s small spring that flows
from the western valley wall of the Portneunr Bottoms at
53/23E~36cbh. The water containsg perhaps the highest levels
of dissolved solids found on the reservation. The nutrient
levels were slightly higher than those found in the other Port-
neuf Bottoms Springs. As with Twenty Springs West, the sig-
nificant increases are with hardness, chloride, sulfate ang
fluoride. The water is on the order of four times as mineral -
ized as Twenty Springs West. Sufficient sampling has not been
completed to detect any seasonal variations, although con-
tinued study has been underway by Goldstein (1979). It has

Wiliow Spring only discharges gz small amount of water, whieh
ponds on the Portneyf Bottoms before reaching Wide Creek. The
water apparently flows from the perched layer sbove the American
Falls Lake Beds.

Tindaha Spring

Tindaha Spring flows down the west side of the Portneuf Bottoms
and enters Wide Creelk. It was sampled twice at 58/33E-26cdcc,
and showed a near normal chemical quality relative to the Fort
Hall Bottoms water.

Wide Creek

Wide Creek was Sampled at the flow measuring station inp
58/33E~26bea. The water was found to be slightly less miner-
alized than the hormal Bottoms water, 2lthough it is still
classified ag hard. There was Lo discernible Séasonal variation
in chemistry levels. The chemistry here is similar to the up-
stream source springs of Wide Creek East and Twenty Springs East.
The very hard water in Twenty Springs West appears to have only a
slight effect on the downstream quality. The Spring was also
sampled by the USGS in 1970-71.
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Jimmy Drinks Springs

The East and West Branches of these springs, zlong with Wide
Creek, are the major springs of the Portneuf Bottoms area.
Both branches originale in the same area in 58/33E-27aa and
diverge to enter the Portneuf River at different locations.
The East Branch was sampled at the flow measurement station
where it enters the Portneuf River in 58/33E-22ddc; while the
West Branch was sampled at 58/33E-22cad. The water in both
springs is similar in quality, and neither exhibits a signi-
ficant seasoral variation. "The water is of fairly good qual-
ity. Although the water is classified as hard, it is the least
mineralized water found in the Fort Hall Bottoms. The spring
has also been sampled by the Bureau of Reclamation during a
1968 study of the American Fslls Reservoir. Both their sam-
ples and a 1952 sample by the State of Idaho indicate little
chemistry change during the past 25 years.

Dunn Spring

Dunn Spring is a very small spring that flows on the west side
0f the Portneuf Bottoms and enters the river below Jimmy Drinks.
It was sampled once in 5S/33E-22cce, and found to have similar
chemlistry with the Jimmy Drinks Springs, aithough with a higher
alkalinity level. :

Lower Ross Fork

The averaged chemical analyses of these four stations are listed
in Table 26. Individual analyses are found in Appendix D.

Ross Fork - Below Main Canal - Water samples were taken
just downstream of the Ross Fork Crossing of the Fort
Hall Main Canal. During the irrigation season, the creek
intermixes with the canal water. Consequently, the water
discharged downstream is that of Blackfoot River-Snake
River origin. All but two of the samples taken at this
site were essentially canal water.

The levels of most constituents are lower than the levels
of the Ross Fork station above the canal. Two samples
taken during the irrigation season by the EPA in 1974
showed similar levels to those found in this study.
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Ross Fork Spring #1 - This spring is located on the
north side of the Ross Fork valley west of Fort Hall
in 58/34E-4dbce. The flow was measSured at 0.08 cfs
on August 23, 19Y6. The water was found to be very
hard with higher than normal nutrient levels. It is
notable that the summer sample shows almost twice the
levels found during the winter. The two parameters
that should be noted are flucride arnd zmmonia nitro-
gen. Both are near or exceed the drinking water stand-
ards. While the water 1is not used for any domestic
supplies, it is available for stock water.

The spring 1s believed to originate from the perched
water layer that occurs just beneath the land surface
north and west of Fort Hall. It is locally known as
the Frog Pond area. The higher summer levels are pro-
bably due to the infiltratiomn each summer of irriga-
tion water into the perched zone. The chemistry of
the spring is similar to some of the ponds which ocour
to the north.

Ross Fork Spring #2 - This spring is lccated approxi-~
mately 1.7 miles downstream from Spring #1, again on
the north side of Ross Fork. This spring water, how-
ever, has none of the characteristics of the perched
water to the north, and may instead be discharged from
the main Snake Plain aquifer. The quality is similar
to the regionsl ground water for all of the parameters
tested.

Ross Fork - Above Clear Creek - The downstream reach

of Ross Fork was samplied at the flow measurement sta-
tion, near its confluence with Clear Creek. The gaul-
ity here is greatly influenced by the large amount of
ground water infiow in that area. Also, during the
summey, irrigation return flow from the Fort Hall Irri-
gation System enters the creek through the Tyhee Waste-
way. Consequently, the quality of the water is similar
to, but slightly more mineralized than, the majority of
the Bottoms Springs. The quality varied somewhat through-
out the year, depending on the various discharges of the
contributing flows.

Lower Portneuf River

Table 27 lists the averaged chemical analyses of the Lower
Portneuf stations.
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Portneuf River - Rte.-30 - As the lower Portneuf River
Teturns toward the reservation it recelves a large
amount of industrial and municipal waste water near

the Interstate 15W crossing. The Rte. 30 station is
above this discharpge area, and was sampled to determine
the magnitude of change due to these discharges. It

was found that the water here was somewhat similar to
the upper Portneuf River above the Porineuf Reservoir,
with only slightly higher nutrient and turbidity levels.

Portneuf River — Swanson Road - This station is located
Just downstream of the waste water discharge peints of
the two phosphate processing plants. Only one sample
was taken here in response to high levels detected
downstream at Siphon Road. Compared with the sample
taken the same day at the upstream Rte. 30 station,

the largest increases were found in the sulfate, phos-—
phate, nitrate, fluoride, and ammonia levels; chemicals
that can be directly attributed to the waste water. It
igs probable that at this station, complete mixing of the
waste water and river water is not complete, and this
maey account in part for the high levels. The phosphate;
ammonia, and fiuoride levels all exceeded the drinking
water standards, all by approximately three times.

Portneuf River - Siphon Road

The river at this point shows the impact of the waste-
water discharges in the phosphate, nitrate, fluoride,
and ammonia levels. These levels show a fairly erratic
pattern over time, not necessarily in eonjunction with
variations in the other parameters. The ammonia levels
are commonly over the recommended level for drinking
water (0.5 mg/l) while the fluoride levels occasionally
exceed the standard. ’

Another impact on the guality of the Portneuf River in
this area is the inflow of Batiste Spring, which enters
the river from the west, downstream of the Interstate.
This spring also contributes high concentrations of
sulfate, phosphate, nitrate, ammonia, and hardness. The
origin of these chemicals appears associated with the
phosphate plants' waste disposal ponds.
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Several government agencies test the Portneuf River
at this point. These include the USGS, the Buresu
of Reclamation, the EPA and the Idaho Department of
Health and Welfare. Their data show similar levels
to those found in this study. It should pe noted
that a sample taken on August 10, 1877, by the Idaho
Department of Health and Welfare indicated a mercury
level 0f 0.0054 mg/1, almost three times the level
recommended for drinking water.

Portneuf River at Wide Creek - One water sample was
taken on the Portneuf River above its confluence
with Wide Creek. Between Wide Creek and Siphon Road
there appears to be no major spring inflow. Conse-
quently the water chemistry remains fairly unchanged
along this stretch.

Portneuf River - Below Clear Creek - This station

is located below the confluence of Clear Creek, Ross
Fork, Wide Creek, and the Jimmy Drinks Springs, which
contribute at least 400 cfs to the river. Conse-
quently the quality of the river water more nearly
resembles the spring water quality. The variations

in the river chemistry are more stabilized. Occasion-
ally a noticeable increase in fluoride and ammonia
occurs at this station, which probably originates with
the waste discharges upstream of Siphon Road. This
station is usually submerged by the reservoir during
the spring and early summer. ’

Portneuf River - Mouth - Two samples were taken at

this station when the reservoir was drained during 1977.
The river at this point contains all of the spring flow
from the Fort Hall Bottoms, except that which enters

the Snake River directly near Ferry Butte. Consequently
the Portneuf River water accounts for only about 20
percent of the flow in this area. The chemistry, as
expected, resembles the average Bottoms water chemistry.

Surface Water Quality Impacts

Except for the Snake River, the Portneuf probably receives the
heaviest use of any river associated with the reservation.

The upstream pertion, within the reservation, has minimal land
use impacts on the river quality. Nevertheless, the water is
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harder than average, primarily due to spring water inflow
such as Qeedup that is very high in dissolved solids. Most

of the tributary streams, however, are very low in dissolved
solids, particularly those flowing from the Mt. Putnam region.

Just downstream of the reservation, the river is impounded
within the Portneuf Reserveir for irrigation use. This ac-
tivity acts to increase the dissolved solids and turbidity
levels of the river. In the main reach of the river between
Chesterfield and Pocatello, the Portneuf also receives treated
municipal wastes from each town along its channel. The com-—
bined impact of irrigation return flows and municipal wastes,
along with non-point source runoff from agricultural lands,
contributes to a bulldup of nutrients, bacteria, and turbidity,
particularly with the inflow of Marsh Creek. These impacts
are to a degree mitigated by the inflow of several tributaries
that are low in turbidity and dissolved solids. 1In the reach
between Pocatello and the reservation border, the river re-—
ceives treated municipal waste and storm-water runoff from
Pocatello and industrial wastewater from the phosphate pro-
cessing plants operated by FMC and the J.R. Simplot Co.
Additional impacts in the form of heavy metals and nutrients
are contributed by springs such as Batiste that are contami-
nated by the waste disposal ponds of the.phosphate plants.

The Portneuf in this area has been studied extensively in
recent years, with sampling done by both the State of Idaho
and several Federal Agencies. Efforts are now being made %o
remove both the Pocatelle municipal waste and phosphate pro-
cessing waste from the river. Additional effort should alsc
be directed to the spring flow contamination in that area.

Downstream of Siphon Road, the Portneuf receives practically
21l of the springflow of the Fort Hall Bottoms before joining
the Snake River. This springflow amounts to several times
the flow of the Portneuf. Thus, with the succeeding inflows
of Jimmy Drinks, Clear Creek, and Spring Cresk, the Portneuf
approaches the quality of the spring water. However, the ob-
Jectionable materials in its flow are still delivered to the
American Falls Reservoir.

A major impact on the Bottoms Springs water guality is the
presence of PCB (pelychlorinated biphenyls) and pesticide
residues found accumulated in the fish of the Bottoms Springs.
This was studied subsequent to the Teton Flood of 1976 by the
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Idaho Department of Health and Welfare (Perry, 1977). At
present, the origin of this contamination has not been
pinpointed. Possible contributers include the flood waters
that partially inundated the Bottoms area in 1976, the ag-
ricultural chemicals used on the Gibson Terrace area which
may drain into the Bottoms, and a general buildup of contami-
nants in the ground water from sources upstream of the reser-
vation. Additional study to delineate the sources is recom-
mended .

Regarding surface water that flows across the Snake Plain
area of the reservation, the EPA classifies both the Portneuf
and Upper Snake Rivers as polluted and not able to meet
Federal quality goals. 1In their Idaho technical supplement
for the Environmental Quality Profile (1976, p. 22) they
state that these two rivers are "probably too polluted to
meet federal goals for water guality sufficient for propaga-
tion of native fish and for unrestricted recreational use."

For the Portneuf River, they list bacteria, turbidity, phos-
phate, and a dissolved oxygen deficiency as the contributing
factors to this condition. For the Upper Snake River, they
list bacteria, turbidity, phosphate, heavy metals, pesticides,
and a dissclved oxygen deficiency. They c¢lassify these
parameters as presently stable, but with no improvement likely
within at least five years. The condition of these rivers
heavily impacts the guality of the water in American Falls
Reservoir. .

GROUND WATER QUALITY
Water chemistry of the Snake Plain aquifer in the Gibson Ter-
race area was sampled at 29 locations and found to be somewhat
variable over the area (Table 28). Conductivities ranged be-
tween 440 and 780 pmhos/cm, and hardness generally between
200 and 300 mg/1l. However, most of the analyses tended toward
& quality similar to the Bottoms Spring water. The higher
levels of mineralization tend to be located in specific areas,
such as just south of Blackfoot and near Reservation Road,
The area near Reservation Road may be affected by geothermal
activity that has been reported in the Tyhee-Chubbuck aresa.
Several warm-water and highly mineralized wells have been re-
ported in this are=z.
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Insufficient informaticn is available at this time to corre-
late different chemical characteristics with different zones
of the aquifer. The majority of the irrigation wells in this
area penetrate into the basalt, while most of the domestic
wells tap the higher gravel =one. There is also little in-
dication of a significant seasonal variaftion in chemical
character, which corresponds to the behavior of the Bottoms
Springs water quality.

On Michaud Flats, the chemical quzlity of the Snake Plain ground
water is slightly less mineralized than that found in the Gib-
son Terrace area (Table 28). The water is generally similar

to the lower Portneuf Bottoms springs such as Jimmy Drinks.

In comparison with the Gibson Terrace ground water, the con-
ductivity, alkalinity, and hardness were gensrally lower,

wnile the chioride, sulfate, and fluoride were generally higher.
Most of the wells in this area withdraw water from the gravel
aquifer above the basalt.

Again, there was little indication of seasonal variations in
water chemistry. Also, the quality was fairly uniform over
much of the Flats, with two areas of higher mineralization near
the southern edge. One area is located west of Bannock Creek
as it enters the Snake Plain. The water in this area was found
to be higher in hardness and chloride. Wells in this area are
generally 200 to 300 feet deep, withdrawing water from sand-
stone or volcanic ash. The second area of high mineral c¢on-
centrations is north of the phosphate processing plants and is
discussed below.

The two areas where human impacts appear to be affecting the
quality of the ground water are in the perched zone northwest

of Fort Hall known as the Frog Ponds, and the area north of

the phosphate processing plants on Michaud Flats. Both of

these impacts are predominately confined to the upper levels

of the aquifer. This has an effect on the quality of the spring
water where these aquifers discharge into the Bottoms area. At
present, these areas are apparently confined to the upper Port-
neuf Bottoms and the Ross Fork Valley area. Both situations are
summarized here,

Frog Pond Area

The Frog Pond area, north and west of Fort Hall on the Gibson
Terrace, has developed some unususl water quality characteristics,
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partially due to the irrigation agriculture practiced in

that area. A perched water zone exists on top of the Ameri-
ean Falls Formation in that area, and has risen above land
surface in many low areas. This increase is due to the itrri-
gation systems developed in recent years. Associated with
this has been an apparent buildup of chemicals added to, and
resulting from, the irrigation process. The following areas
were sampled to investigate the preblem; with the averaged
chemical analyses listed in Table 30.

Gibson Pond - This pond is located at the end of a
lateral ditch and receives excess canal water from
the Main Canal System. The pond drains after each
irrigation seasor, and is a probable source of part
of the perched water. The water was sampled once in
48/34R-23dced, and was found to contain a fairly low
level of dissolved minerals and nutrients, indicative
of the surface water irrigation system.

Rio Vista Frog Pond - One sample was taken from a pond
near Ric vista Read in 58/34E-5bbb, and is fairly repre-

sentative of the perched water zone in this area. Levels
of most parameters tested were usually high. The ammonia

nitrogen level exceeds the drinking water recommended
limit, although is not a danger to livestock at present
levels.

Emma Canal - This is a branch of the Gibson Canal that
channels excess irrigation water into the Bottoms area.
One sample taken at 4S/34E-30cdc indicated fairly low
levels of minerals, somewhat similar to the Gibson Pond
sample.

Gibson Drain - This drain collects water from both a small

Epring draining the perched layer and excess irrigation
water from the Gibson Canal. Coansequently, the quality
was found to be significantly better during the summer.
The two winter samples taken at Sheepskin Road exhibit

the increased levels in hardness, sulfate, nitrate, and
ammonia indicative of this perched zone.

Drain Wells - Two drain wells in 48/34E-28 collect the

perched water and were found to coatain the highest levels

of dissolved chemicals found in the perched zone. These
wells are located near the center of the Frog Pond Area
and are closest to the active farming areas. The water
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here contains high levels of hardness, chloride, sul-
fate, nitrate, and alkalinity.

In summary, it appears that the sources of the perched
water zone themselves contain no unusually high levels
of chemicals. These sources include the ground water
pumped for the irrigation systems and the overflow and
leakage from the surface water canal system.

The high levels probably result from the addition of
agricultural chemicals to the irrigation water, and
the evaporation of the water which concentrates the
chemicals in the remaining water. The perched water
probably discharges into Ross Fork and Clear Creek
through numerous small seeps. The quality found in
Ross Fork Spring #1 supports this.

Michaud Flats

A serious water quality problem exists in the upper zones of

the alluvial aquifer in the Michaud Flats area. Water quality
has been seriously degraded in an area of about seven square
miles bounded by the Portneuf River to the northeast, the Poca-
tello Municipal Airport to the west and the phosphate processing
plants (FMC and J.R. Simplot, Ine.) to the scouth. Current
investigation has been limited to sampling wells and springs in
the area to determine the magnitude and extent of the affected
area, and the study of the water gquality history of the area.

This study has shown various wells and springs to have very

high concentrations of hardness, chloride, sulfate, phosphate,
nitrate, and ammonia in this area. Additional investigation by
the State of Idaho has also detected very high levels of arsenic,
cadmium, manganese, and fluoride.

The springs that exhibit these characteristics are Batiste

Twenty Springs West, Willow, and possibly Papoose. These have
been described eariier. The affected wells sampled in this

study are the Lindley domestic well (68/33E-12ccde), the Crockett
domestic well (63/33E-2caba), and possibly the Lindley irrigation
well (6S/33E-12bbec), and the Pocatelio Airport well (65/33E-15accd).
Additiconal wells found affected by the State of Idaho include
the Pilot House Cafe well (63/33E-12dade} and numerous phosphate
plant industriazl wells.
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The most serious problem in the aresa appears to be with ar-
senic. A study conducted by the Idaho Department of Health
and Welfare in 1972 and 1973 closely monitored the water
guality in that area. The highest arsenic concentrations
occurred in the FMC area. Table 31 lists the arsenic levels
found during their study in that vicinity. The highest values
were detected in the Pilot House Cafe well, which continually
exceed the allowable limit for drinking water of 0.05 mg/l

for over a year.

Drinking water standards were also exceeded for cadmium, man-
ganese, fluoride, and total solids in numerous wells in the
area. The highest levels continually cccurred in the Pilot
Eocuse Cafe well and the phosphate industries wells. Despite
these numercus violations, the Department of Health and Wel-
fare stopped sampiing in 1973, apparently toock no corrective
action, and did not notify the well owners of their water
quality problems. This situation existed until 1976 when

the Pilet House Cafe well was copndemned for an arsenic con-
centration of 0.056 mg/l.

Based on an analysis of the existing information, it appears
that two aquifer zones contain contaminated water. The cne
zone 1s apparently a semi~-perched layer on top of the American
Falls Formation. This water is not tapped by any known wells
in the area, but is believed to supply severazl of the springs,
including Batiste and Willow. The second zone is below the
American Falls Formation and is the upper part of the main

Raft Formation aquifer. This zone is tapped by several of the
shallow wells in the area, including the Pilot House well,
Lindley well, and probably the Crockett well. The ccntaminated
water travels mainly in a horizontal direction, with some seep-
ing lower into the aguifer in a diluted form.

The obvious sources ¢f the contaminaticon are the industrial
waste ponds maintained south of the two phosphate processing
plants. Accordinrg to the Department of Health and Welfare, none
of the ponds are tined. - Both industries store liquids in the
ponds that contain very high levels of those chemicals contami-
nating the aguifer.

The ponds are maintained at the base of the foot hills of Michaud

Flats. It appears that the clay layer of the American Falls
Formation thins out as it reaches this hill, indicating the
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southern extent of the ancestral American Falls Lake. Any

pond leakage would therefore be able to enter both above

and helow this formation. The new Pilot House well was drilled
to a depth of about 200 feet, almost twice the depth of the

old well. No indication of contamination was found at that
level, indicating a probable surface scurce of the contamina-
tion.

The concentrations of contaminants found in the 1872-1873 study
are not as high at present. However, sampling of the Lindley
domestic well and Batiste Spring over a two year period indi-
cated large fluctuations in chemistry. Present investigations
of the area by Goldstein (1979) continues to document the pre-
sence of trace metals in the aquifer.
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GLOSSARY

acre-foot The volume of water that covers one acre to a
depti of omne foot.

alluvial fan A fan shaped deposit of sediments formed where
a stream flows from a mountainous area onto a lowland.

andesite A fine~grained igneous (volcanic) rock midway in
composition between rhyolite and basalt.

aquifer A geologic unit that is capable of transmitting water
through its pore spaces, in enough guantity to yield water to

wells or springs.

pasalt A fine-grained, dark colored, igneous (velecanic) rock.

baseflow The discharge of a stream that originates from ground
water infilow to-the channel.

caldera A roughly circular, steep sided, volcanic basin.

channel migration The lateral movement of a stream channel
by erosion and deposition of the floodplain sediments.

cinder zone A zonée of uncemented volcanic ejecta that separates
individual basalt flows. They are noted to contain large ground
water flows,

consumptive use- Water used during the irrigation process thrcugh
transpiration and evaporation.

cubic foot per second The principal unit for measuring stream
discharge. One cubic foot per second equals 1.98 acre feet
per day.

delomite A sedimentary rock composed of calcium and magnesium
carbonate,

drawdown The lowering of the water table caused by pumping.

effiluent A discharge of water degraded by physical, chemical
or biological contaminants.
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ephemeral stream A stream that flows only during certain
times of the year, such as during snowmelt or rainfall periods.

evapotranspiration The amount of water that evapcrates directly
plus the amount ihat is used by plants. The remaining water is
avaiiable for runoff as ground water or surface water,.

gaging station The location on a stream where the discharge or
water height is measured.

gaining stream A stream that lies below the water table and
receives ground water discharge to increase the streamflow
along its course.

ground water Subsurface water that is contained in an aquifer
system. Ground water is usually in a state of motion and moves
down gradient from areas of recharge to areas of discharge.

hydrograph A graph that shows a property of water with respect
to time, such as flow, or water level.

infiltration The flow of water through the scil into the
ground water supply.

joint A fracture in the rock, usually near vertical, along
which ground water may flow.

jimestone A sedimentary rock that is composed chiefly of
calcium carbonate.

loess A homogeneous, nonstratified deposit of silt deposited
by the wind. Commonly forms the scil in the higher elevations.

loosing stream A stream that flows above the water table and
contributes water into the ground water system.

mean annual discharge The average flow of a stream during a
one year period.

metasedimentary rock Sedimentary rocks that have been par-
tTialiy metamorphosed due to deep burial within the earth.

non-point source A pollution source that is distributed over
& wide area, such as sediment erosjon from agricultural runoff.
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perched water table The upper surface of a body of ground

water that is separated from an underlying ground water hody
by an impermeable rock or clay zone.

perennial stream A stream that fiows throughout the year.

permeability The capacity of a rock ‘or soil to transmit water.
Tt depends oa the size and shape of the pores and interconnec-
tions within the rock.

porgsity The ratio of the total volume of void spaces within
2 rock or soil to its total volume, expressed as a percentage.

precipitation The input of water, both as rainfall and snow-
fall, to the hydrologie cycle.

pumping level The water level in a well when the pump is
running.

quartzite A metamorphic rock composed chiefly of guartz.
Usually formed by deep burial of sandstones within the earth.

recharge The process by which precipitation or surface water
is added to the ground water.

return flow Excess irrigation water and runoff that re-enters
a stream,

rhyolite A fine-grained, generally light colored, igneous
{volcanic) rock.

sandstone A sedimentary rock composed mainly of cemented sand
grains.

sedimentary rock Rocks formed from the accumulation and com-
paction of sediment in water. Usually has a layvered structure.

shale A sedimentary rock composed mainly of clay.

solution cavity Void spaces in rock, usually limestone,
caused by Lhe removal of rock when dissolved by the ground water.

specific capacity The yield of a well expressed as gallons per
minute per foot of drawdown.
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stage The elevation of the water surface above a chosen
datum.

static water ievel The water level in a well during non-
pumping conditions.

stratigraphy The relationship of different rock units to one
another.

surficial material The unconsolidated sediments lying on top
of the bhedrock.

transmissivity The mathematical definition of the abiiity of
an aquifer to transmit water. Expressed as gallons per day
that would flow through a one mile wide section of the entire
agquifer thickness, when subjected to a gradient of one foot
per mile, and at field temperature.

tributary A stream that contributes water to another . .stream.
tuff A rock formed by the compaction of volcanic ash.
underflow The movement of ground water through an aquifer.

volcanic ash The unconsolidated deposits of volcanic material
less than 4 mm in size.

water table The upper surface of a ground water body under
unconfined conditions.

water year A year that begins on Qctober, 1, and ends on

September 30. (Water year 1976 began on October 1, 1973, and
ended on September 30, 1876).
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