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FEASIBILITYYOF GROUND-WATER FEATURES OF THE
ALTERNATE PLAN FOR THE MOUNTAIN HOME PROJECT,
IDAHO

By R. L. Nacg, S. W, WesT, and R. W. Mowgr

ABSTRACT

An early plan of the U. S. Bureau of Reclamation proposed to irrigate 183,000
acres on the arid Snake River Plain south of Boise, Idaho (Mountain Home
project) with Boise River water. That water would have been replaced to the
Boise Valley with water imported from the Payette River. An alternate plan,
proposed in 1953, would divert water from the Boise River to the plain; part of
the water would be replaced by pumping ground water in the Boise valley and by
importing water from the Snake River. Pumping of ground water in the Boise
Valley also would help to drain waterlogged land. The present report evaluates.
the feasibility of the alternate plan in relation to geology and the occurrence
and quality of ground water.

The mean annual temperature at Boise is 50.8° F and there is an average of
172 days between killing frosts. The annual evaporation rate from open-water
surfaces in the area is about 33 inches. Runoff in the Boise River is chiefly
from precipitation on mountain slopes at altitudes above 3,000 feet, east of
Boise Diversion Dam. The surface-water supply of the Boise Valley is more
than ample for the valley, owing to large upstream storage and regulatory dams
and reservoirs. The valley also contains a large volume of ground water in
storage, and the perennial rate of recharge is large. The computed consumptive
depletion of surface water in the valley is nearly 600,000 acre-feet a year. Ap-
parent depletion, computed from adjusted runoff at Notus, is 1,070,000 acre-feet,
The difference of 470,000 acre-feet represents ground-water underflow and
ungaged surface outflow from the area east of Notus.

After the beginning of irrigation, around the turn of the eentury, the water table
in the Boise Valley rose steadily; the amount of rise at some places was as much
as 140 feet. Shallow perched zones of saturation were created locally. More
than 100,000 acres of Boise Valley land now is waterlogged or threatened with
waterlogging, despite the presence of more than 325 miles of surface drains.

Suecessful operation of the alternate plan would depend, not only on providing
adequate water to replace that exported from the Boise Valley, but also on
satisfactory drainage of waterlogged land. That is, water management in the
valley would have to couple economieal pumping of irrigation water with effective
drainage by pumping.

The average of recorded yearly diversions from the Boise River is 1,280,000
acre-feet of live water (natural flow,in a stream) and 201,000 acre-feet of recycled
water. Gross diversions of record in some recent single years of ample water
supply reportedly exceeded 1,800,000 acre-feet. Ground water, on the other
hand is used on a relatively small scale, yearly pumpage being only about 150,000
acre-feet.

1
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The feasibility of exporting 600,000 acre-feet of Boise River water would depend
on the availability of replacement water in the Boise Valley and on the avail-
ability of the required surface water in the South Fork of the Boise River at the
proposed point of diversion to the Mountain Home project. In 6 of the 20 years,
1931-50, recorded diversions of live and return water from the Boise River
exceeded the live flow at the Boise Diversion Dam by 3,865 t6.107,640 acre-feet.
Moreover, although the average residual discharge in the river past Notus was
701,000 acre-feet, in most years some river reaches above Notus were dry at
times, owing to diversion of all water from the river. Much of the flow past
Notus is surface waste and effluent ground water, which averages about 422,000
acre-feet a year.

The total of potential yearly ground water recharge in the Boise Valley, derived
from precipitation, incoming underflow, and infiltration of irrigation water, is
about 554,000 acre-feet in the feasible exchange-pumping area and areas tributary
thereto. Identified and estimated consumptive depletion of ground water in
the valley is about 230,000 acre-feet a year, but not all that deplemon is Wlthm
the exchange area or area tributary thereto.

Five ground-water districts in the Boise Valley are defined, chiefly on the ba,sw.
of well capacities. Wells in the district around Nampa tap both artesian and
unconfined water and have the largest yields in the valley, averaging 1 efs for each
8 feet of drawdown. The average depth to the water table is between 10 and 15
feet and the maximum depth iz 50 feet. Much waterlogging of land in the
district is caused by upward leakage of artes1an water through imperfectly
confining layers of soil and caliche.

In the vicinity of Meridian and eastward the average depth to the water table
is between 10 and 15 feet and the maximum depth is about 50 feet. Artesian
aquifers underlie the district at various depths. Water-table wells yield about 1
cfs of water for each 22 feet of drawdown; artesian wells yield as much as 1.5 efs
by natural flow and 3 efs by pumping. Drainage conditions are mmﬂar to those
in the Nampa distriet.

The average depth to water and average yield of wells in the vicinity of Wilder
and Kuna are not known. The permeability of the aquifers around Wilder is
relatively low. Drainage is needed but the sediments do not drain by ground-
water pumping as readily as those around Nampa and Meridian. In much of the
Kuna area the depth to water is too great for economical pumping. The oceurrence
of ground-water north of the Boise River is too poorly known to be desecribed
adequately.

The apparent coeflicient of transmissibility of aquifers tested at key locations
in the Boise Valley ranges from 36,800 to 1,700,000 gpd per foot. Observed
coeflicients of storage of artesian aquifers range from 0.00007 to 0.001; those of"
nonartesian aquifers range from 0.001 to 0.43. The specific capacities of wells
range from 8 to 450 gpm per foot of drawdown.

Typical areas in the Boise Valley can be benefitted by ground-water pumping
for drainage, and appreciable lowering of water levels has been observed as
much as half a mile from pumped wells. Field tests show that drainage benefits
result also from the pumping and free flow of artesian wells under some circum-
stances. Discharge of ground water from shallow artesian aquifers would assist
drainage by diminishing artesian pressure and upward leakage of water. Dis-
charge from deeper aquifers does not produce noticeable local or immediate
drainage benefit, but may cause regional benefits. In some areas conditions do
not favor drainage by pumping ground water.

The amounts of dissolved solids in the surface water of the Boise Valley range
from 51 to 788 ppm in samples analyzed. The range in ground water is from 69
to 1,040 ppm. In general, the eoncentration of dissolved solids and the percent

it
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sodium, both in the ground water and in the surface water, increase westward
(downstream). Most exchange ground water pumped under the alternate plan
would be diluted with surface water, but some land would receive a preponderance
of ground water. Thus, the chemical suitability of the ground water for irrigation
is an important factor.

The sodium hazard (alkali hazard) and salinity hazard to soils from Boise Valley .
ground waters, represented by 88 samples, were evaluated by standard criteria.
Most of the samples are excellent to good, a few are permissible to doubtful, and
none are unsuitable. The surface waters generally are slightly superior in
quality to the ground waters. Parts of the valley seem to be on the verge of an
unfavorable salt balance, and whether depreciation in the quality of the water
can be tolerated requires careful study.

In order to determine whether the alternate plan is physically feasible, could
be operated successfully for an indefinitely long time, and would be advantageous
to execute, the principal features of water management embodied in the plan are
reviewed, one by one. Geologic factors suggest that the diversion requirement of
water per unit of land in the Mountain Home project would be appreciably
higher than that estimated in the alternate pian. If so, the area that could be
irrigated with the proposed amount of water from the Boise River would be
less than that stated in the alternate plan. The availability of 600,000 acre-feet
of Boise River water for diversion to the Mountain Home project, at the times
and places the water would be needed, has not been demonstrated. The run-of-
the-river supply in the South Fork of the Boise River was deficient in 6 of 20 recent
years. Holdover storage at Anderson Ranch Dam and modified reservoir opera-
tion would be necessary for operation of the plan and would reduce the amount -
of water available for generation of firm power. Snake River water is available
and the exchange for Boise River water is physically feasible to a limit of 300,000
acre-feet a year.

For the alternate plan to be acceptable to Boise Valley water users, an
undiminished supply of irrigation water presumably must be assured. Such
agsurance is not possible at the proposed exchange rate of 225,000 to 300,000
acre-feet of ground water for an equal amount of river water. Additional water
would need be pumped to compensate the effects of diminished surface water and
diminished ground water in storage. To offset.the effects of exporting surface
water, the amount of ground-water pumped would be substantially more than
300,000 acre-feet and might approach 400,000 acre-feet. In years of short water
supply the total might approach 500,000 acre-feet.

Net ground-water depletion under the alternate plan would be on the order of
100,000 to 150,000 acre-feet a year. Return recharge of unconsumed -ground
water would lag somewhat after pumping, and temporary depletion at the end of
the irrigation season would be less than gross pumpage but more than ultimate
net depletion. Thus, though water to operate the alternate plan is available in
the Boise Valley, it is not certain that the yearly demand could be withdrawn
during the pumping season without local or temporary mining of water. Nor is
it certain that mined water would be replenished each year before the onset of
another irrigation season.

INTRODUCTION
REASON FQR THE REPORT
On the Snake River Plain south and southeast of Boise, Idaho, and

east and north of the Snake River, is an area of about 750,000 acres
of forbidding, arid sagebrush desert, here called the Mountain Home
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plateau (fig. 1, pl. 1). It contains more than 400,000 acres of arable
land that is largely unused except for grazing. There are only a few
small irrigated tracts near foothill slopes, and a scattered few dry
farms. To bring water to the plateau has been the hope of two gen-
erations of reclamationists, public servants, and local citizens.

Adjacent to the undeveloped plateau is the fertile and prosperous
Boise Valley, containing one of the largest integrated areas of irrm-
gated land in Idaho, which has been reclaimed from wasteland similar
to that in the plateau. This valley, however, is marred by water-
logged land, alkalized soil, and spreading native vegetation, all caused
or aggravated by excess water. Conventional surface drains have been
only moderately successful and the continued presence of excess water,
chiefly in underground storage, has reduced the productivity of land
in substantial parts of the Boise Valley and threatens the agricultural
prosperity of the area. Industrial, business, and municipal operations
also are hampered at some places by shallow ground water.

Irrigation of 340,000 acres of land in the Boise Valley has disrupted
the original water balance. Irrigation water applied in excess of the
consumptive-use demand for crops and native vegetation has gone
into ground-water storage, has raised the water table, and has water-
logged thousands of acres of land. Records of ground-water levels,
dating from about 1910, prove the large increase in permanently
stored ground water. That water is the heart of the drainage problem
in the Boise Valley.
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Yrrigation ont the relatively undeveloped Mountain Home plateau
and drainage of the Boise Valley traditionally were regarded as umre-
lated separate problems. Formal proposals (herein called the original
plan) were made by Newell in 1949 (U. S. Bur. Reclamation, 1950b)
for & Mountain Home reclamation project to be constructed by the
United States Bureau of Reclamation. Water for the project was to
be obtained by means of extensive storage and diversion works, inelud-
ing a transmountain diversion from the Payette River basin.

An alternate plan, for partial irrigation of the Mountain Home
plateau, integrated with drainage in the Boise Valley, was proposed
by W. G. Sloan (1953), consulting engineer, retained by the Idaho
Power Co. to study problems of irrigation and drainage in relation to
. the electric-power market. Under this plan the Boise Valley would be
drained by pumping ground water, which would be used for irrigation
in order to release and replace Boise River water that would be diverted
to the Mountain Home plateau. Surplus water from the Boise River
also would be used. Additional replacement water for use in the
Boise Valley would be obtained from the Snake River.

The alternate plan proposal was brought to the attention of Con-
gress and was printed, along with an analysis by James K. Carr
(1953), engineering consultant to the Committee on Interior and
Insular Affsirs, U. S. House of Representatives. Carr’s analysis was
generally favorable but further study was suggested. Accordingly, in
fiscal year 1954, Secretary of the Interior Douglas McKay directed
the United States Bureau of Reclamation and the United States
Geological Survey to make engineering, geologic, and hydrologic
studies, and to evaluate the feasibility of the proposals in the alter-
nate plan.

This report contains the evaluation by the Geological Survey of the
feasibility of those parts of the plan that relate to geology and ground
watel, along with a summary of the basic information and principles
upon which the evaluation is based. The evaluation is by no means
exhaustive. The time allotted was too brief for more than nominal
new factfinding. Thus, of necessity, qualified conclusions are drawn on
points that could be resolved in full only after extensive and prolonged
field investigation.

FIELD WORK AND ACKNOWLEDGMENTS

Special field work and study by the Geological Survey for the pur-
pose of evaluating the alternate plan was begun in May 1953 and
completed in December 1953. The Bureau of Reclamation collabo-
rated in the field by contracting for drilling and pumping test and ob-
servation wells, by furnishing part of the essential equipment, and by
spirit leveling to many well sites. The Pioneer Irrigation District
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permitted the use of some of its wells and pumps for pumping tests;
the Idaho Power Co. supplied electric power and some equipment
for' pumping tests; and the Surface Water Branch of the Geological
Survey made special miscellaneous stream-discharge measurements,
made field checks of small reservoirs and diversions, checked and
evaluated compilations of surface-water records, and reviewed the
adequacy of surface-water data. Field work by or under the super-
vision of the authors consisted principally of geologic study and map-
ping, canvassing and measuring wells, operating observation wells,
logging and testing wells, making pumping tests, and collecting sam-
ples of water and geologic materials. The authors were assisted in
various|phases of the field work by F. E. Fennerty, R. C. Scott,
Eugene Shuter, and G. E. Brandvold, all of the Geological Survey.
T. R. Newell’and T. R. Miller assisted in the compilation, evaluation,
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and interpretation of surface-water data. Chemical analyses of water
were made in the Geological Survey’s laboratory at Corvallis, Oreg.

Records of the discharge of the Boise River have been collected by
the Geological Survey and published annually since 1896. Records
of ground-water levels, river-water diversions, and discharge from
surface drains, along with copies of unpublished maps and reports,
all representing nearly 50 years of water history, were made available
to the Geological Survey by the Bureau of Reclamation, the Boise
Project Board of Control, the Nampa-Meridian Irrigation District,
and the Pioneer Irrigation District. Records from intermittent and
short-term studies of ground water in local small areas, made in coop-
eration between the Geological Survey and the Idaho Department of
Reclamation, have been used. Civic officials, well drillers, and many
well owners furnished well records and logs and permitted access to
wells. Especially useful information was obtained from well drillers
A. E. Hosack and Son, Orval Harden, Jack Dir, and Leonard Davis.

WELL-NUMBERING SYSTEM

Water wells are referred to in this report by numbers that indicate
their locations within legal rectangular subdivisions of the public
lands, with reference to the Boise baseline and meridian (fig. 2). The
first two segments of a number designate the township and range.
The third segment gives the section number, followed by two letters
and a numeral, which indicate the quarter section, the 40-acre tract,
and the serial number of the well within the tract. Quarter sections
are lettered a, b, ¢, and d in counterclockwise order, from the north-
east quarter of each section. Within the quarter sections 40-acre
tracts are lettered in the same manner. Well 5N-4W-12c¢d1is in the
SE¥SWY sec. 12, T. 5 N,, R 4 W., and is the well first visited in that
tract.

BACKGROUND AND DEFINITION OF THE ALTERNATE-
PLAN PROPOSAL

In order to set the features of the alternate plan for the Mountain
Home project in proper perspective for evaluation, it is appropriate
to review the development of the Boise Valley and the general features
of the original plan for the Mountain Home project.

THE ORIGINAL PLAN FOR THE MOUNTAIN HOME PROJECT

The original plan for the Mountain Home project (U.S. Bur. Rec-
lamation, 1950b) proposed to irrigate a net area of 183,000 acres in
the Payette unit, divided between the Hillcrest and Long Tom divi-
sions, which would contain 83,300 and 100,300 acres respectively (pl.
1). From the proposed Garden Valley reservoir on the Payette River,
water for the Hillcrest division would be diverted through the Moore
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Creek tunnel, 30 miles long, to the Moore Creek arm of Lucky Peak
Reservoir in the Boise River watershed. Water would be diverted
to the Long Tom division from storage in Anderson Ranch Reservoir.
Most of the water from Anderson Ranch Reservoir, now used on the
Boise project, would be replaced with water imported from the
Payette River.

DEVELOPMENT IN THE BOISE VALLEY
IRRIGATION

Water for irrigation in the Boise Valley was first diverted from the
‘Boise River in 1864 with simple ditch diversions leading to valley
bottom lands (U. S. Bur. Reclamation, 1950a, p. 156). Cooperative
farmer groups later built small diversion dams and canals, and by 1900
about 148,000 acres of lowland was under irrigation. The Boise
project (pl. 1), one of the oldest Federal reclamation projects, was
authorized soon after passage of the Federal Reclamation Act of 1902,
and construction was begun in 1904. The project included a gross
area of 187,000 acres, containing 166,000 irrigable acres. Water was
first delivered in 1906, and the originally planned impounding and
diversion works were substantially completed in 1915. By 1927 the
feeder canals and other supplemental structures had been extended
to the full irrigable area of 166,000 acres. The estimated net area now
actually irrigated in the Government project is 150,000 acres. About
190,000 acres is privately irrigated and the estimated net area irrigated
with surface water thus is 340,000 acres (U. S. Bur. Reclamation,
1950a, p. 156). We estimate that at least 10,000 additional acres is
irrigated solely with ground water, and probably more than 40,000
acres under the surface-water system receives supplemental -ground
water.

The principal original government-project storage and diversion
works (see table 1) are Arrowrock Dam and Reservoir, Boise Diversion
Dam, and Lake Lowell (Deer Flat Reservoir). Anderson Ranch Dam
was erected later to provide supplemental storage for the Boise project.
Lucky Peak Dam is primarily a flood-control structure, but certain
water power and storage features can be integrated with the Mountain
Home project under either the original or the alternate plan. Barber
Dam, several miles below Boise Diversion Dam, is a diversion struc-
ture for private irrigation districts and for private power generation.
Hubbard Reservoir, near the point where Tenmile Creek enters the
Boise project area, has a reported capacity of 7,500 acre-feet, and is
filled with water for the project.

On the Mountain Home plateau the Long Tom, Meuntain Home,
Orchard, and Pleasant Valley Reservoirs store early spring runoff and
have a reported total capacity of 20,750 acre-feet. An intermountain
diversion from Little Camas Reservoir delivered an average of 9,000
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acre-feet of water per year to the Canyon Creek basin above Long
Tom Reservoir during the period 1931-50.

TasLE 1.—Principal Federal storage and diversion works, Boise River basin, Fdako

Storage capacity
?ur— o]?ate
A com
Name Nature or purpose Location (area) ,’;?‘e' Giross Neg)us—
ACres 10T abia
(acre-ft) | (aere-1t)
Anderson Ranch | Multiple purpose: ir- { On South Fork Boise | 4,740 | 1950 | 493,200 {464,200
Dam and Reser- rigation, power, River shout 65 mi
voir, ﬂm;d and silt con- upggeream from
tro oise.
Arrowrock Dam Irrigation storage..... On Boise River about | 3,150 | 1915 |1286,600 |286, 600
and Regervelr. %3 %ie upstream from
o18e.
Lucky Peak Dam use, flood | On Boise River about j....... 19585 | 280,000 3286, 000(?)
and Reservoir. control; secondary 9 mi upstream from
: use: m'igatmn, po- Boise,
tential power site.
Boise Diversion Irrigation  diversion | On Beise Riverabeut {..__._. 1908 04 o+
Dam. and power. %mi;e upstream from
oise.
Lake Lowell (reser- { Irrigation storage, fish, | Off-river strueture 9,835 {21911 | 190,150 {#169,200
volr). and wildlife. about 6 mi south of
Caldwell; fed by
canal.
L Y SO 1, 249, 950 |1, 200, 000

1 The original storage capacity of Arrowrock Reservolr was 276,500 acre-feet. The dam was raised 5 feet
in 1936, giving additional starage space for 10,100 acre-feet of water,
2 Dam and reservoir construction were suﬂieiently advaneed for operational use in ¥903.
8 Original usable capacity was 177,150 acre-feetf.

THE DRAINAGE PROBLEM

Many miles of drainage canals and ditches in the Boise Valley have
alleviated the drainage problem without solving it, and new drainage
works are constructed each year. The irrigated area is a maze of
interlocking drains and canals which occupy thousands of acres of
land that might otherwise be producing crops. Excavation of open
drains was begun in 1914 and by 1921 there were 127 miles of drains
in the valley. The number of miles currently in use is estimated to
be appreciably more than 325. Parts of the Boise Valley are organized
in drainage districts, counterparts of the irrigation districts, the costs
for which are in addition to the costs of irrigation and project develop-
ment.

After 1927 the Pioneer Irrigation District established a substantial
and satisfactory drainage-well field, and some drainage wells were
drilled in the Nampa-Meridian Irrigation District. Nearly 200 wells
for drainage and irrigation have been drilled in the valley by private
initiative, but there has not been concerted, systematic, valley-wide
action on the ground-water problem.

Records of water levels in wells in the Boise Valley show that the
water table began to rise markedly about 1912, nearly reaching a
maximum at some places within a few years (fig. 3). Apparently the
general, valley-wide buildup of ground-water storage nearly reached

386771—57—2
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a maximum in the middle or late 1930’s, shortly after most of the
irrigable area was brought under irrigation. Since then the buildup
has been less rapid, and in some localities there has been little net
change in water levels for many years (fig. 4). Nevertheless, water
levels have continued to rise gradually in some areas.
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FIGURE 4.—Water-level fluctuations and small cumulative net rise of water table in well 2N-2W-10acl,
1918-53.

' The importance of the ground water and its relation to the drainage
problem was pointed out by Steward (1919). Carter (1926) advocated
more efficient use of surface water to serve a larger area, drainage relief
by pumped wells, and use of pumped water to supplement surface
water for irrigation. He noted that beneath 125,000 acres of land in
the Boise Valley (more than one-third of the irrigated area) the water
table was less than 15 feet below the land surface and that ground
water might be pumped to relieve water shortages in drought years.
Marr! summarized some aspects of the problem and Carter? estimated
that about 40,000 acre-feet of ground water for irrigation could be
pumped annually in the Nampa-Meridian Irrigation District. A
proposal for more comprehensive water management, including pump-
ing of ground water, was prepared in 1936 by the Bureau of Reclama-

t Marr, J. C., 1936, Praliminary report on drainage requirements of Boise Valley, Idaho, with respect to
the proposed Salmon River development, Exhibit 8in Riter, J. R., and Keimig, J. A., Boise River Investi~
gations, U. S. Bur. Reclamation rept. (mimeographed), p. 207-212, April.

2 Carter, George N., 1936, “Pumping ground water for supplemental irrigation supply, Boise Valley,”
Exhibit A in Riter, J. R., and Keimig, J. A., Boise River investigations, U. 8. Bur. Reclamation rept.
{mimeographed), p. 174-206, April.
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tion.? Piper,* of the Geological Survey, proposed systematic investi-
gations of ground-water conditions. A comprehensive, valley-wide

.study of water resources, with special emphasis on the ground-water

and drainage problem, was proposed by the senior author,® also of the
Geological Survey.

THE ALTERNATE PLAN FOR THE MOUNTAIN HOME PROJECT

.~ The alternate plan for the Mountain Home irrigation and drainage
project, proposed by Sloan (1953), is defined, described, and given
preliminary analysis in Committee Print No. 4, House Committee on
Interior and Insular Affairs, 83d Congress (see Carr, 1953). The
Committee Print is the version of the plan upon which the analysis
in the present report is based.

The alternate plan contemplates comprehensive water management,

-including integration of drainage benefits in the Boise Valley with

development and irrigation of new land on the Mountain Home
project. Essential features of the proposal are to pump 225,000 to
300,000 acre-feet of ground water per year in the Boise Valley to drain
wet land and provide irrigation water; to pump 150,000 acre-feet of

" water yearly from the Snake River into Lake Lowell to supply irriga-

tion water to western parts of the Boise Valley; to divert 600,000
acre-feet of water annually from the Boise River system above the
Boise Diversion Dam for irrigation of divisions of the Mountain Home
project; to generate electric power at three installations. It would
include 12,000 acres in the Hillerest division and 111,000 acres in the
Long Tom division, or about 69 percent of the net available arable
area in the Payette unit.

SURFACE-WATER UTILIZATION

A diversion dam or pumping station below Lucky Peak Reservoir
would supply 60,000 acre-feet of water annually to a main canal and
laterals serving 12,000 acres in the Hillcrest division. The remaining
71,300 acres in the Hillcrest division of the original plan would not be
irrigated. Diversion from the South Fork of the Boise River, by
essentially the same means as in the original plan, would provide
540,000 acre-feet of water per year to 111,000 acres in the Long Tom
division. The total volume of diversions from the Boise River system
to the Mountain Home project thus would be 600,000 acre-feet a year.

The alternate plan proposes to pump 150,000 acre-feet of water
yearly from the Snake River into Lake Lowell, in exchange for an
equal amount of Boise River water diverted to the Mountain Home

3 Riter, J. R., and Keimig, J. A., 1936, Boise River Investigations: U. S. Bur. Reclamation rept. (mimeo~
graphed), 212 p., April.

4 Piper, A, M., 1936, Unpublished administrative report.

" Nace, R. L., 1948, Unpublished administrative report.
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project. Additional water would be pumped into Lake Lowell, using
low-value electric power during off-peak power-consumption periods.
During peak periods water would be discharged by gravity back down
the penstock to generate high-value power. In addition, generating
facilities at Lucky Peak Dam would have an installed capacity of
48,000 kilowatts and a production of 235 million kilowatt-hours in a
median year. An installation on the Long Tom diversion would have
an installed capacity of 23,000 kilowatts and an estimated production
of 81 million kilowatt-hoars in a median year.

PUMPING GROUND WATER N THE BOISE VALLEY

Under the alternate plan 225,000 to 300,000 acre-feet of ground
water in the Boise Valley would be pumped yearly in exchange for
Boise River water diverted to the Mountain Home project. About
450 wells would be drilled at quarter-mile intervals adjacent fo
existing principal canals in the valley, and water from the wells would
be pumped into the canals during an average yearly period of 125
days. Pumping the wells supposedly would drain waterlogged lands
by lowering the water table4% to 5 feet beneath 225,000 aecres of land-
in the Boise Valley. Wells supposedly would have an average depth .
of 60 feet and an assumed average yield of 2 cfs, giving a total installed -,
pumping capacity of 900 cfs. In years of short supply of surface’
water ground-water pumpage would be increased to as much as
300,000 acre-feet. The plan assumes that construction of new canals
would not be necessary in the Boise Valley because pumps would dis-
charge water directly to main canals. :

ENVIRONMENT IN WHICH THE ALTERNATE PLAN WOULD
OPERATE

POPULATION AND ECONOMIC DEVELOPMENT

The Boise Valley had about 131,000 inhabitants in 1950, or about
21 percent of the total State population. The populations of complete
counties that include parts of the valley, and the principal towns, are
shown in table 2. The basic economy of the valley is agricultural and
depends principally on the natural resources in land and water.
Farming by irrigation is done chiefly in parts of Ada, Canyon, and
Elmore Counties.

AGRICULTURE AND INDUSTRY

The irrigated area in the Boise Valley is served by several hundred
miles of canals and laterals, maintained and operated by about 14
organized irrigation districts. Smaller canal systems serve areas near
Mountain Home. Statistics (table 3) illustrate the relative importance
of agriculture in Idaho and in the principal two counties in the Boise
Valley. According to data in the office of the Ada County assessor,
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the value of farm production in Ada and Canyon Counties in 1953
was 24 million dollars.

The chief industries in the area are based on agriculture and include
food packing and processing, fertilizer manufacture, and fabrication of
farm equipment and machinery. There are also lumber mills, metal
foundries and machining-plants, and related industries.

TaBLE 2.—Population growth in Ada,ndC’anysn, and Elmore Counties, Idaho, 1940
and 195

[Based on data published by the U. 8. Bureau of the Census]

Year
County and town Eﬁeﬁg
1940 1950
70,649 40,2
34,393 3.6
1,810 23.5
764 |ooeee
534 20.5
53, 597 30.8
16,185 33.2
10,487 44.2
1,369 26.2
556 9.5
496 4.0
313 13.0
Elmore County . .. ccmeccc e cnaanca———— 5, 518 8, 687 21.2
Mountain Home .. .. e 1,193 1,887 58.2
L6353 1 T 0 1Y s 1,290 1, 518 17.4

TaBLE 3.— Agricultural statistics for the State of Idaho and for Ada and Canyon
Counties, 1950

[Based on data from U. S. Census of Agriculture, 1950}

State of Ada Canyon
Ttem Idaho County County
Farmland (including irrigated land):
Number of farms_ .. __._.. 40, 284 2, 503 3,985
Aiwerage size of farms.___._. 328.3 156, 1 74.3
Vaiue of land and buildin -
AVerage Per 8Cre. oo oo cememcmeceamanaaee $73.01 $123.10 $231.37
Total. o amn $965, 498, 257 |  $48, 053, 487 $68, 484,131
Irrigated land:
Number of irrigated farms. .o oo 29,413 2, 405 3,873
Average size of irrigated farms_ ..o ool acres. . 271.3 109.7 74.9
Value of land and buildings:
AVOTBge POr 0. - - e e e e e $83.71 $169. 90 $231.08
. Tatal. e $668, 026, 643 | $44, 828,624 $67, 062, 392
%Wesvoek: Total valtle - . oo e e eeem $146, 256, 660 $6, 838, 874 $8, 508, 562
TODpS:
Total ares in orops_ - oo acres. . 4,542, 454 73,103 148, 267
Valtue Of CroDS - o e o e cm e memmcm e cacmmemae $212, 937, 881 $5, 081,019 $19,136, 364

ELECTRIC POWER

The Boise Valley is served by an extensive power-transmission sys-

tem from which only new leads or laterals would be needed to supply
new pumping facilities. The Mountain Home plateau is traversed
on the northeast by a high-tension line and is ringed by transmission
systems,
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The electric-power pdtential of the Boise, Snake, and Payette-
Rivers is largely undeveloped (table 4). Low-head plants of the -
Idaho Power Co. at Boise Diversion and Barber Dams on the Boise
River generate interruptible power from water that is not diverted =
in the New York (Main) Canal: Interruptible power is generated by
Government plants at Anderson Ranch Dam on the South Fork'of
the Boise River and at Black Canyon Dam on the Payette River.
Firm (constant-rate) power is generated by plants of the Idaho Power
Co. on the Snake River at Swan Falls and at the C. J. Strike Dam.

TABLE 4.—Installed capacity and production from power plants
[Based on data furnished by Idaho Power Co. and on published reports of the U. S. Bureau of Reclamation}

Production
Installed in median

Name of dam capacity water year

(kw) (in million

kwh) .

Anderson Ranch. . .. mm———ee 127,000 121
Boise Diversion.. . oo e —m—mmmm e 1, 500 5.3
Barber Diversion ... e 1,050 |cooeeee
Swan Falls . e ——— e ——————————————— 11,325 133.8
C. T, Btrike e e 90, 000 734.9

Black Canyomn .o oo e e mcee e memmmeeceeme—ecmem———————————— 28,000 73

Mobal. e e 3138, 875 1, 068

1 Installed capacity for generation of firm power is about 5,500 kw.
2 Installed eapacity for generation of firm power is about 7,600 kw.
3 Total capacity for generation of firm power is about 114,300 kw.

WATER UTILIZATION

Irrigation exceeds all other uses of water in the Boise Valley (fig. 5;
table 5). The source of most irrigation water is the Boise River, but a
substantial amount of ground water also is used. Farm and rural
domestic water supplies are almost exclusively from wells, and public
supplies for all incorporated towns in the Boise Valley, Snake River
valley, and Mountain Home plateau are ground water.

TABLE 5.— Utilization of water in the Boise Valley and Mountain Home plateau, 1953

Acre-feet per year
Type of use
Surface Ground
water water
Frrigation:
Boise Valley e 1,481,000 | 132,000
Mountain Home plateau and Snake River valley (estimated) - .-cooooooooooo.. 25,0003=f 1,000—
M e DA IS - m e e e e e e oo e e e e 12, 000
Industrial (estimated) oo . e em <5,000 2, 000
Farm and rural domestic (estimated) e oooooooee___ . - JRN DO, 4, 000
Total ;e e meme e e cemmen e m—————————————————————————— 1,511,000 | 151,000

SURFACE WATER

The average yearly surface-water yield from the Boise River basin
above Boise Diversion Dam during the base period was about 1,760,000
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All cther uses |
10.4 percent)

Municival
(8 percent) an gther uses
(4 percent)

Irrigation
(88 percent)

fririgation

(99.6 percent}

Ground water

Surface water

F1eurE 5.—Utilization of water in the Boise Valley, Idsho.

acre-feet (table 6). The greatest recorded runoff was 3,488,900
acre-feet in 1943, and the smallest was 833,400 in 1924. ,

The average yearly volume of irrigation diversions from the Boise
River above Notus is about 1,481,000 acre-feet. According to records
of the watermaster and unpublished computations by the Bureau of
Reclamation, the average volume of diversions of live water from the
Boise Diversion Dam during the base period was about 1,280,000
acre-feet per year. The term “live water” designates natural flow
in a stream. The live water and the return flow together make up the
surface water that is available. Thus, about 200,000 acre-feet of the
total that was diverted directly from the river above Notus is made up
from return flow.

Probably the total of all nonirrigation applications of surface water,
except for power generation, is less than 5,000 acre-feet of water
per year. That demand is exceeded by ungaged contributions of
small streams tributary to the Boise River. Hence this requirement
is not treated here as a draft on the yield of the river at Boise Diversion
Dam. T
The yearly surface-water yield of streams on the Mountain Home
Plateau is not knowa and records of the area that is irrigated from them
are poor. The irrigated area is said to be about 10,000 acres, and the
supply of surface water is not adequate for late-season demands (U. S.
Bur. Reclamation, 1950b). The amount of surface water used for
irrigation probably does not exceed 25,000 acre-feet & year and may be
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less. A small but unknown amount of surface water is used for irriga-
tion in the valley of the Snake River. Little or no surface water is
used for purposes other than irrigation on the plateau or in the valley.

TaBLE 6.—Average yearly disposition of Boise River water, 1931-50, in acre-feet per
calendar year

- {Pgtasfrom U. 8, Geological-Survey. waterssupply, papers and records of Boise Project Board of Control]

Return-
Natural { Diversions | Undiverted! Observed | flow (gain)
discharge | between residual residual between | Net deple-

Year at Boiss Dowling natural discharge | diversion | tion above
diversion | Ranchand flow @ past dam and Notus
dam ! Notus 2 Notus ¢ Notus

963,051 | —&7,351 180,000 | 237,851 725, 700
1,587, 038 383,962 | 816,000 | 432,038 | 1,155,000
1, 507, 552 137,448 1 515,000 | 377,552 | 1,130,000

192,700 | 290,721 869, 300

105984 | 424,900 | 318,916 | 1,122,100

520,218 | 920,000 | 399,782 | 1,059,300
07, 640 309, 940

938,210 | 1,467,000 528,700 | 1,083,400
—3,865 358, 700 362,565 | 1,045,300
184, 568 581, 200 396, 632 995, 600
441,542 | 1,040,800

196, 600 656, 100 459, 500 , 029, 900
1,813,281 | 2,253,000 439,719 | 1,235,900
—89, 885 274, 600 364,485 | 1,013,300
117, 506 625, 200 507, 694 986, 000
613, 613 737,987 | 1,220,000 482,013 | 1,131,600
670, 991 210, 409 688, 200 477,791 | 1,193,200
524, 482 212, 718 642, 500 420,782 | 1,004, 700
709, 066 137, 634 683, 700 546,166 | 1,162,900
764, 186 315, 814 944, 300 628 486 | 1,135,700
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X117 35, 106,800 | 20,617,665 | 5,579,135 | 14,010,600 | 8,431,465 | 21,186,200
Moeah. .o 1,750,840 | 1,480,883 | 278,957 700,530 | 421,573 | 1,059,310
Rounded mean_________ 1,760,000 | 1,481,000 | 279,000 | 701,000 | 422,000 | 1,059,000

1 Sum of discharge of Boise River at Dowling Ranch near Arrowrock, and of Moore Oreek near Arrowrock.
2 Includes winter diversions in New York Canal. .
# Negative sign indicates no undiverted residual natural flow. The given amount of water was obtained
by diversion of return-flow water. )
N Resgduale]natural flow, plus residual return flow from surface drains, plus ground-water discharge into
river chammel.

GROUND WATER

The amount of ground water used for irrigation far exceeds the
combined volume of ground water used for all other purposes (fig. 5;
table 5). The estimated average pumpage and artesian flow from
irrigation and drainage wells of record in the Boise Valley is 128,000
acre-feet a year. Additional unrecorded wells, chiefly on the north
side of the river, probably discharge a few thousand acre-feet, and the
assumed aggregate discharge from drainage and irrigation wells is
130,000 to 135,000 acre-feet. Practically all the discharged water is
salvaged for irrigation. Pumping for irrigation generally is restricted
to a period of about 180 days and is largely within a period of about
120 days.

About 10,000 acres of land in the Boise Valley is irrigated wholly
with water from wells. Assuming a well-head delivery requirement of
4.0 acre-feet per acre, pumpage for this land would be 40,000 acre-feet.
The remaining 92,000 acre-feet of ground water supplements surface
water on an undetermined acreage. For the purposes of this report
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it is assumed that the supplemental ground water serves an equivalent
area of 23,000 acres with 4.0 acre-feet of water per acre and that the
total equivalent and actual ares served is 33,000 acres. The principal
area of ground-water pumping is in a north-south belt through the
central part of the valley (pl. 3). There are many private irrigation
wells on high lands adjacent to Lake Lowell, and many drainage
wells in the Pioneer Irrigation District and the western part of the
Nampa-Meridian Irrigation District.

A large but undetermined volume of ground water is collected in
gravity drainage ditches, and much of this water is salvaged for irri-
gation. The aggregate yield of the drains greatly exceeds that of
wells.

The municipal demand on ground water varies somewhat with the
seasons, being greatest in the summer. The amount pumped yearly
is about 12,000 acre-feet, chiefly in the Boise Valley. Figures for con-
sumptive use are not available but it seems likely that about 50 per-
cent of the water is discharged as sewage effluent to the Boise River
and to the ground through cesspools. ,

On the Mountain Home plateau only a few wells furnish water for
irrigation. The amount of water pumped probably does not exceed
700 acre-feet a year (rounded to 1,000). Little or no ground water is
pumped for irrigation in the Snake River valley. Pumpage for mu-
“nicipal and domestic supply is insignificant on the plateau and in the
valley.

PHYSICAL SUBDIVISIONS AND LANDFORMS

The area in which the alternate plan would operate includes.three
principal physical subdivisions: the valley of the Snake River, the
Mountain Home plateau, and the Boise Valley (pl. 1). Contrasting
aspects of the water situation in these subdivisions correlate directly
with their different landforms and geologic features. These aspects
control or influence precipitation and surface runoff, as well as ground-
water recharge, storage, and movement.

VALLEY OF THE SNAKE RIVER

Along the south side of the Mountain Home plateau the Snake River
flows northwestward in a canyon as much as 700 feet deep (see pl. 1).
Downstream the canyon diminishes in depth until at the mouth of the
Boise River, about 50 miles below Swan Falls, it passes into a bread
channel only about 100 feet below the general level of adjacent plains.
The altitude of the floor of the Snake River canyon at Swan Falls is
2,287 feet; nearby, the north wall of the canyon rises to an altitude of
about 3,000 feet. At the confluence of the Snake and Boise Rivers
the altitude along the river is about 2,200 feet and of the adjacent
plain, 2,300 feet.
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Cliffs, bluffs, and steep slopes along parts of the Snake River are
formed by several hundred feet of interbedded alluvial and lake sedi-
ments and volcanic rocks. Extensive landslide blocks contain mate-
rials of both types. Much of the narrow floor of the valley is covered
by Recent alluvial sediments.

MOUNTAIN HOME PLATEAU

The Mountain Home plateau is a rolling upland plain, much of
which is mantled by windblown sediments. These and other sedi-
ments subdue the comparatively rough topography and local sharp
relief on the volcanic rocks which form most of the plateau. The gen-
eral surface of the plateau slopes northwestward and southwestward
from an altitude of 3,200 feet near Mountain Home to an altitude of
2,700 feet near Kuna and Melba. 'The highest altitude on the plateau,
on the top of a volcanic cone about 5 miles northwest of Mountain
Home, is somewhat more than 3,800 feet.

The basalt flows, which are exposed in many parts of the plateau,
range in character from smoothly rolling to rough and broken. A few
extinct volcanic cones rise above the general surface of the plateau,
which contains also several volcanic explosion pits. Near the moun-
tains, along the northeastern border, alluvial sand and gravel overlie
volcanic rocks adjacent to foothllls and along intermittent water-
courses. In the northern part of the plateau there are extensive,
thick accumulations of compacted, poorly sorted gravel which were
deposited on a high alluvial plain in a pre-Recent stage of geologic
history.

BOISE VALLEY

The Boise Valley includes the lowland, terraces, and adjacent foot-
hill slopes along the western part of the Boise River, west of Boise
Diversion Dam. Above the dam the river and its tributaries occupy
narrow mountain canyons. The headwater reaches of small down-
stream tributaries also are in mountainous terrain.

The Boise Valley lowland is a broad alluvial plain having low relief,
adjacent to the Boise River. Southward, terraces form a transition
belt of low scarps and benches that rise steplike to the level of the
Mountain Home plateau. On the north and east the valley is bounded
by foothills. On the west it merges with the valley of the Snake
River.

Relief within the Boise Valley is generally low. The altitude of the
lowland plain in the vicinity of Boise is about 2,650 to 2,700 feet above
sea level. The surface of the Gowen Terrace at Gowen Field, a mile
and a half south of the Boise city limit, is at an altitude of about 2,800
feet. In the vicinity of Nampa and Caldwell local basalt ridges rise
as much as 100 to 400 feet above the bottom land. The altitude of the
valley floor at its western edge is slightly less than 2,200 feet.
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GEOLOGIC FACTORS IN THE OCCURRENCE OF WATER

The water aspects of the principal physical subdivisions and land-
form components of the area differ greatly because the materials form-
ing the physical features range from highly permeable to nearly im-
permeable. Within each subdivision, also, the earth materials differ
markedly in their capacities to accept recharge and to yield ground
water, and in their susceptibility to drainage by ground-water pumping.
The geologic factors thus are a critical element in the environment of
the alternate plan, and these factors would largely determine the
feasibility of pumping exchange irrigation water at places where pump-
ing would produce adequate drainage benefits. The principal geologic
formations in the area areidentified and described briefly in table 7,
which contains formation names that are in common use and a working
nomenclature for unnamed formations. The surface distribution of
the units is shown on the geologic map (pl. 2). Some formations do
not crop out at the surface in the area shown on the map but are present
at depth.

Beneath the entire area, from the mountains north of Boise south-
westward to the Owyhee Mountains, a huge basin is formed by a
troughlike, impermeable floor of consolidated ancient rocks, the
Idaho and Owyhee batholiths (table 7) and associated older rocks.
- Within this trough is a great thickness of Tertiary stream- and lake-

deposited sediments (Payette formation) and voleanic rocks (socalled
Owyhee rhyolite of Kirkham (1931c) and Columbia River basalt).
These rocks have generally low permeability but form a deep regional
artesian ground-water reservoir in which the water-bearing beds are
at depths of hundreds to perhaps thousands of feet. Resting on
- these materials is a younger group of sediments, the Idaho formation,
which is quite varied in its water-bearing properties but is somewhat
more permeable than the older sediments. The Idaho formation,
consisting chiefly of clay, silt, and sand, is a source of moderately
deep artesian water in the Boise and Snake River valleys. On the
ancient land surface formed by the Idaho formation, streams spread
a thick sheet of rather permeable terrace gravel. Lava flows formed
- the Snake River basalt, which rests on the lower part of the gravel
at some places and is covered by the upper part of the gravel at other
places. Bagalt accumulated chiefly on the Mountain Home plateau
-and in the south-central part of the Boise Valley, only a few sheets
- extending to the southern edge of the eastern part of the valley.
The Snake River then cut a deep canyon through the basalt and
sediments, forming the present course of the Snake River. Mean-
- while the Boise Valley was formed by alternate stream erosion and
deposition, which formed terraces underlain by permeable younger
terrace gravel, and bottom land occupied by highly permeable Recent
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alluvium. Recent local basalt flows are interbedded with terrace
gravel at a few places. Thus the younger water-bearing deposits in
the Boise Valley occupy a partly closed basin that was eroded in the
older terrace gravel and Idaho formation.

The resulting water situation in the Boise Valley is distinctive and
in complete contrast to that in the rest of the area. Most of the
earth materials within a few hundred feet of the surface are quite
porous and permeable. They accept recharge readily and can store
and yield moderate to large amounts of water. The valley is enclosed
on the north and east by mountains, and on the south by a plateau.
On the west the valleys of the Boise and Snake Rivers intersect at
grade. Thus the Boise Valley has a closed plumbing system, some-
what leaky at depth, but with free-running outlets westward only
at the surface and at shallow depth. Under the old natural water
conditions in the valley, the water table was at shallow depth in the
bottom lands and probably not more than 100 to 200 feet deep be-
neath the terraces and lowland slopes. Under the new conditions,
created by surface-water diversion and irrigation, there has been a
large amount of artificial ground-water recharge; much water that
formerly was discharged in the river now is discharged westward
through the ground. The earth materials to the west, however, are
generally less permeable than those to the east. Hence, ground-
water levels to the east have risen high to produce enough hydraulic
gradient to move the water westward.

The water situation in the Mountain Home plateau reflects directly
the special geologic fact that the plateau, built up largely by basalt
flows, remains but little changed from its condition when the volcanic

_eruptions ceased. The basalt is overlain in large areas by wind-
blown sand and silt, and locally by gravel deposits. All these mate-
rials are sufficiently permeable to accept readily most of the water
that is made available by the scanty rainfall. Recharge does not
build the ground water to high levels because the water drains out
rapidly at the lower end of the aquifers to the valley of the Snake
River, which funections as a ground-water drain. The deeply incised
valley literally cuts off the lower end of the plumbing system of the
plateau, leaving it open. Thus, in most of the plateau water can
be obtained from wells only at considerable depth. Moreover, much

. of the volcanic rock and sediment has only moderate to low perme-
ability and does not yield water copiously to wells. Toward the
edge of the Snake River valley, however, where ground water from
the east and northeast is being discharged naturally, substantial

supplies of ground water can be developed at some places from
relatively shallow depths.



TABLE 7.—SuMmary of the physical and hydrologic characieristics of geologic formations and other rock units

[Names of formations and other umts are used informally, Some names are in general use, but others are merely a working noi;_xenclature for the purpose of this report]

Formation :
Period or | Tipoch or and tiap T otess Physical characteristics and areal distribution Water-bearing characteristics
ym
o Unconsolidated clay, sand, and gravel; very coarse boulder | Porosity and permeability generally bigh but, ow.
gravel is common; poor to excellent sorting; beddin, to thg, thinness and lrregui;rity of ﬂ% beds, yigllg
Recent irregular tolenticular. Occurs as ‘‘shoestring’’ saudlan only small to moderate amounts of water to wells,
allgvium, 0-50% gravel at some places. Present only beneath flood plains Locally good aquifers, especiully where pumping
?Qal. of. the Boijse and Snake Rivers and their larger tribu- induces recharge from streams. The mest impor-
tayies. Overlies the Idaho formatiog in the Beise and tant water-bearing deposits are along the flood
Snake River valleys. No material other than local soil plain of the Boise River.
overlies this unit. ‘
Uneonsilidated clay, silt, sand, and fine- t> medium-grained | Entirely above the water table southeast of Nampa.
Recent. gravel; poor to medium sorting; bedding generally indis- Northwest of Nampa cannot be distinguished as an
tinct, but crossbedding loeally is prominent. Cropsout a(}uifer_;distmct from the younger terrace gavel.
in a narrow belt along Indian Creek and in a broad belt Of minor local importanes as an aQuifer the
Quaternary. Alluwium in the northeastern part of the Mountain Home plateau. vicinity of Nampa, where its impermeable lower
of Indian 0-100% Has boeen identified from subsurface cuttings in wells in part is'dn aciuiclude, beneath which grtesian ‘B_re&
. Creek, the vieinity of Nampa and southeast of Nampa. North- sure Is developed in water-bearing basalt. Wells
Qle. west of Nampa it is indistinguishable from late-formed commonly yield 1,300 to 2,300 gpm northwest of
%&tmce gravel. Lies ou Snake River basalt %outheast of Nampa where the beds merge with younger terrace
Nampa, and on the Idaho formation and late terrace gravel.
gravel northwest of Nampa.
Unconsolidated clay, sand, and fine to very coarse gravel, | Porosity anl permeability generally high. Chief
mostl}z well rounded; texture progregsively finer west- source of shallow, unconfined ground water in the
ward from Boise; good to excellant sorting; bedding indis- Boise Valley; individual-wall {vields range from 450
Pleistocene Younger tinet to distinet. Deposited on former flood plains ri\f to 800.gpm in the vicinity of Ustiek and Wilder,
. to terrd 0-100= the Boise River. Quterops limited to a broad belt | and from 2,100 te 3,000 gpm around Nampa.
Recent. gravel, adjoining the Recent allu vium along the Boise River to :
Qlt. the south and, locilly, to the north., Owing to its
physiecal position and the history of the area after deposi-
tion, younger beds occar at both higher and lower alti-
tudes. Overlies the Idaho formafion. Greatest thick-
ness is in central part of valley.
Olivine basalt, light- to dark-gray, vesicular; irregular and | Porosity variable; formational permesbility high
columnar jointing is typical; thickness of flow layers because of jointing, but rock permeability vary low.
. variable. Includes beds of bagaltic cinders at some Wells obtain excellent vields but at many places
Tertiary Snake River 5400 places. Crops eut in much ef the Mountain Home where the basalt is present it is above the water
and basalt, sb. Pplateau and lecally as canyon and valley flows in the table. Important as an aquifer in a narrow belt
Quaternary, Boise Valley, Loesally intertongued with younger southward from Nampa to the Snake River.
. i,erraoe gravei in the Boise Valley; lies on the Idaho Yield from individual wells ranges up to 3,000 gpm,

jormation elsewhere.

Weathering product is chiefly
clay.
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TaBLE 7.—Summary of the physical and hydrologic characteristics of geologic formations and other rock units—Continued ¥ ™

Formation
Period or Epoch or Thickness .
system. . series %t}n IgolgP (foet) Physical eharacteristics and areal distribution Water-bearing characteristics
Tertiary Pliocene to Clay, unconsolidated, and sand, and fine to very coarse | Entirely above the water table in all areas where
and Quater- Recent. gravel; grains rounded to subrounded; good to excellent mapped. High permeability permitsready ground-
nary—Con. sorting; bedding irregular to regular; stringers and lenses water recharge in northeastern part of Mountain
common. Cropsoutonhighest terraces in northeastern Home plateau and western part of Boise Valley.
Older terrace 1504- part of Mountain Home plateau and in western part of
gravel, QTet- Boise Valley., Owing to the physical history of the area
and mode of deposition, younger beds lie at lower alti-
tudes to the north, south, and west. Overlies the Idaho
formation.

Lake and stream deposits of clay, silt, and sand in alter- | Porosity and permeability variable, but formation is
nate beds; minor amount of gravel; sorting mostly good; chief source of artesian water in the Boise Valley.
bedding distinet but beds commonly interfingered. Yield to wells highly variable, ranging from a few

Pliocene (as Materials grade from rather coarse to fine from foothills gallons per minute from clayey beds to several

mapped may | Idaho for- Unde- southward. Formation crops out in the Snake River hundred gallons per minute from sand and gravel.

include beds {mation, QTi.| termined. valley and on the ridﬁe between the Boise and Payette Sand, interbedded with clay, is source of flowing

of Pleistocene Rivers. Underlies all the map area at relatively shal- artesian water at Bolse, Eagle Island, Nampa,

age). low depth. Lies unconformably on late Columbia Caldwell, and elsewhere. .
River basalt and related volcanic rocks.

Basalt, light- to dark-gray, dense and glassy; contains | Porosity and permeability generally low, but may be
augite orystals in & ground-mass of glass and minute high in local beds. Fractures and brecciated fault
feldspar erystals. Originated as extensive flood-type zones yield abundant water at some places. Im-
lava flows. Folded and faulted into a structural basin, portant source of artesian water in some localities

Late Colum- “Rhyolite’” (actually mostly latite), black, gray, and in southwestern Idaho. Probable source, by inter-
. bia River reddish-brown, compact, hard, resistant to weathering; formational leakage, of some hot artesian water in
Mioceneand | basalt and Undeter- thin, wavy flow banding is prominent. Originated as the vieinity of Boise. Forms a trough under the
X Pliocene (?) | Owyheerhy-| mined, thick, localized lava flows and extensive blankets of Idaho formgtion and retards ground-water outflow
Tertiary. olite of welded tuff. Folded and faulted. Both rbck types crop from the Boise Valley in the Idaho formation,
Kirkham, out on the fianks of the Owyhee Mountains and in the
Ter (1931a). foothills area between the Boise and Payette Rivers.
Weathering products include clay soil. Whether the
rocks oecur at depth beneath the report area has not
been determined.
Payette Consolidated beds of clay, sand, and voleanic ash, prin- | Water-bearing properties in Boise Valley undeter-
formation Undeters cipally lake deposits; carbonaccous material fairly com- mined. Source of artesian water in some adjoining
(No map mined. mon, Crops out on west side of Owyhee Mountains; areas,
symbol). does not crop out in map area but probably occurs at

considerable depth beneath the area. Folded and

faulted,
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Early Co- Basalt, black to greenish-black, diabasie to glassy in tex- | Has not been penetrated by wells in the area covered
lumbia River| Undeter- ture, Chief weathering product is clay. Crops out in by this report. .
basalt (no mined. western part of Owyhee Mountains and farther west.
map symbol). Folded and faulted. May occur at depth beneath the
area,

Late to Idaho and Quartz monzonite and granodiorite, light- to medium- | Porosity and permeability very low. Yield to wells
Cretaceous. | middle Cre- Owyhee Undeter- gray. The main mass of rocks in the mountains of small. Infiltration and ground-water movement
taceous. batholiths, mined. central Idaho and the center of the Owyhee Mountains, are slow. Low permeability is an important factor
Ki. Chief weathering products are clay and quartz sand. in runoff characteristics of Boise River basin above

Boise Diversion Dam.
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CLIMATIC FACTORS
PRECIPITATION

Precipitation in the report area is highly seasonal, being heaviest
in winter and lightest in summer (table 8). The maximum precipi-
tation recorded at the Boise weather station in a single year since
1900 was 18.10 inches, in 1912; the minimum was 7.43 inches, in 1949.
The maximum precipitation in a 24-hour period was 1.51 inches, in
May 1942, and the maximum for a calendar month was 5.39 inches, in
March 1904.

Inasmuch as precipitation is the original source of essentially all
the water supply, the total volume of precipitation is important.
The volume is estimated here on the basis of records from 9 stations
of the U. S. Weather Bureau and 17 upland stations of the U. S.
Forest Service. Records from these stations are reasonably adequate
for present purposes. The average annual precipitation at Weather
Bureau stations during the period of record (table 8) differs only
slightly from that of the base period (table 9). The mean values in
table 9 were used for the present report, thus reducing the preecipi-
tation and streamflow records to a common base period.

The volume of precipitation was computed on the basis of records
from 26 stations, for which the mean annual value was adjusted to
the base period (table 10). Mean values for stations at Lowman and
Anderson Ranch Dam, for which only short periods of continuous
record are available, were adjusted to the base period by double-mass
analysis (fig. 6). Other adjustments were made by direct ratio with
corresponding periods of record for the seven control stations included
in table 10. The adjusted precipitation values were used to construct
the isohyetal map (fig. 7), from which the area-volumes of precipitation
in table 11 were computed.

TABLE 8—Average monthly precipilation, in inches, al stations in Ada, Canyon,
and Elmore Counties, Idaho

[From published records of the U. S, Weather Bureau]

Aver- | Yegrs
Station Jan. | Feb.|Mat.| Apr.|May|June|July | Aug.| Sept. | Oct. [Nov.| Dec.| age of

annnal | recerd
Arrowrock Dam.._|2.64 |2.39 [1.93 {1.50 [1.25 [0.96 |0.40 [0.26 | 0.53 |1.24 |2.54 |2.57 18.30 | 191245
Boise.__ oo 1.33 (1.35 |1.34 {1.10 |1.09 | .84 1 .18 | .21 .46 1 .94 11.35 (1.29 11.48 | 1921-50
Caldwell .. ..___._. 1.26 |1.14 (1.04 | .94 | .98 | .77 | .33 | .22 .47 1 .78 11.14 |1. 14 10.21 | 1905-45
Glenns Ferry...... .14 | .97 .69 .76 | .86 | .61 | .31 | .12 .31 .5911.23 1 .99 8. 58 | 1918-45
Merjdian__________ 1.42 |1.25 (1.21 {1.11 |1.17 | .87 { .27 | .20 .51 (.98 1.35(1.34 11.68 | 1911-45
Mountain Home..[1.18 [1.11 [1.01 ] .94 | .00 | .70 | .87 | .17 .48 1 .90 |1.15 {111 10, 02 |11012-52
Nampa_._._____._. 1L06| .85} .8 | .98 1.11 | .81 | .16 .20 .30 | .89 11.03 {1.32 9. 55 |11894-52

i Records are intermittent.
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TaBLE 9.—Precipitation, in inches, ai weather stations in or near the Boise River
basin, 193150

{From published records ¢i the U, S. Weather Burgau]

Arrow- Moun- Ander-
Yeur rock | Atlanta| Boise Cald- Em- Idaho tain Low- son
Dam well mett City Home man Ranch
Dam
14.17 17.65 9.41 7.26 7.28 18. 95 5. 49
20.01 27. 44 13.09 10. 92 10. 41 22.33 12. 14
14.00 18.81 7.95 6. 93 6. 69 18. 64 6.86
15. 60 23. 40 10. 62 8.12 8.93 19. 51 6.37
10. 67 15.76 9.09 7. 55 6.26 12. 54 6. 49
17.29 28.11 9.79 8.25 B. 54 22. 95 7.50
19. 92 19.21 12. 60 11.82 13.15 26. 37 7.94
23.06 25.83 16. 40 12. 41 14. 49 26.79 11.72
12. 25 19.15 8.08 6. 30 6. 50 14. 66 4,90
22. 46 29, 47 13.77 15.02 18. 51 26. 58 11. 59
20. 91 30. 76 13.81 13. 54 15. 66 21.75 12. 36
23. 32 29. 88 14. 48 14. 65 15, 57 26.71 10. 49
16. 51 28.76 9.92 11.32 11. 60 21.93 8.96
15,11 | ... 10. 45 9.39 11.88 18. 50 9.43
24. 81 33.46 13.44 13.18 14.99 27.87 12. 77
19. 14 32.16 9.86 7.49 11. 68 22.47 12. 07
15. 96 23. 66 10.08 9.03 11.03 20. 37 6.21
20. 86 32.10 11.91 12.76 15. 29 26.22 6.48
15. 79 23.06 7.43 5.13 8.89 18.78 5.99
22. 91 38.06 13.99 12.45 16. 64 26.76 10. 94
Total.____..... 364.75 4096.73 | 226.17 | 203.52 233.99 | 440.68 176. 70 [ccocmeo oo
Mean.____.._.. 18. 24 26. 14 11.31 10. 18 11.70 22.03 8. 122.00 117.81

1 Mean adjusted to base period by double-mass analysis.

TABLE 10.—Precipitation af stations used for consiruciion of isohyetal map of Boisé
River basin

[Figures in columns for “years of record’”’ and “mean annual precipitation’ are as given in the Climatolog-
ical Records of the U. S. Weather Bureau and may represent fragmentary years of record and adjusted
normal precipitation. Those stations for which the period of record is not known could not be adjusted
to the base period and the published mean annual values were used]

Meanad-
Mean an- |
Station Altitude | Period of | Years of | nual pre- ]usgﬁi((l)go
o (feet) record record | cipitation P931—50
(inches) (inch )

Anderson Ranch Dam_..____ .. __._____. 3,882 | 1042-53__._ 12 18.93 17.81
Arrowroek Dam ' . ________._____ 3,238 | To 1953-_. 42 18.30 18.24
Atlanta ! . dicaecan 6,000 |___do..__._. 37 24. 51 26. 14
Atlanta Summit_____________ . 7,890 | (Doooeeaae 3 46.82 |
Bogus Creek. .o uoueooo wammmm e mmm e 4,200 | 1909-30_._. 22 24,91 23.66
Boise I e mm——eem———— 2,842 | To1953._. 89 11.48 11.31
BoiseKing_ . ______ .. . [P 4,000 | 1913-20_... 7 25.76 23.17
Caldwell 1 __ ool 2,372 | To 1953___. 49 10.21 10. 18
Deadwood Dam_______ ... 5,375 |- Q0aaao . 24 32.87 32,87
Emmett ! .l 2,500 |-._do.___... 47 11.45 11.70
Garden Valley_______________________________ 3,147 | d0.eeens 43 22.14 22.14
Ydaho City 1o o 3,940 |-__do___.___ 50 21.48 22.03
Jackson Peak . .o 7,050 | () ceaenan 4 47.92 oo
Lake Lowell ..o 2, 510 o 1958. .. 36 8.43 8.43
Little Camas_ ... 5,000 | 1909-26..__ 16 19. 48 18. 50
cLowman. e 3,870 | To 1953__. 44 22,95 22,00
Meridian. ... ... e~ m————— 2,607 [-._d0.ann-. 43 11.68 11.68
Moore Creek Summit_______________________ 5990 | ()-_-oeos 2 50.93 fecmoan
Mountain Home ' _____ ... 3,164 | To 1953 __ 48 10.02 8.84
Parma e 2,224 [...do-___.__ 31 8.62 8.62
Payette. e 2,159 |___do_.._... 60 10.87 10. 87
B e e oo oo me e 4,235 |___do___.__. 42 21. 48 21.48
Sheep HIM ____ . ___ . 5,000 | 1909-30.... 22 25.43 24,18
Trinity Lakes. .-« eeoacacaeee 7,400 | () oo 4 B7.57 |ccccmcana
Troutdale_ . s 4,376 | (2)ecacaee 4 23,25 |
Vienns. ..o “m— 8,800 | (Meomme-- 4 49.60 |_oae ..

! Control stations used for adjusting values of mean annual precipitation to the base perfod.

886771—5T7 3

(See fig, 6.)
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FIGURE 6.—Double mass plot for adjusting mean annual precipitation at two stations with short records.

Land areas in the lowland in the following table do not in all in-
stances agree with those in other tables, or with published areas.
Published data are unacceptable as a basis for computing recharge
from precipitation because the net irrigated area in the Boise Valley
substantially exceeds that reported. For example, much Boise
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F1GURE 7.—Provisional isohyetal map of the Boise River basin.
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River bottom land is irrigated or subirrigated; an appreciable mis-
cellaneous acreage also is irrigated by small cooperatives and by use
of ungaged waste water and ground water. In order to reach a reason-
able approximation of recharge from precipitation, gross irrigated
and nonirrigated areas, so far as they could be identified, were seg-
regated and their areas were determined by planimetric measurement
on maps.

TABLE 11.—Estimated volume of average annual precipitation on the Boise River

basin
Precipita-
Area tion (acre-
Subdivision (acres) feet)
Eastern upland above Boise Diversion Dam_________.___ . ________._____ 1,739,000 3,390, 000
Northern highland tributary to Boise River below diversiondam. .. _._...__.____ 109, 000 157,000
Boise Valley below diversion dam _ _________ .. .. 791,060 1708,.200
T 29,639,000 4,255 200
Noncontributing lowland___________ 430, 800 385, 100
Net contributing catchment area_ ... 2,208,800 3,870,100
Contributing area,? east of Notus:
Irrigated lowland (includes some Black Canyon project land and area irrigated
with ground water) ... 246, 400 220, 500
Nonirrigated lowland_____ . e 104, 600 93, 600
Lake Lowell (8.43 inchesa year). ... .. e 9, 800 6, 900
Northern highland . _ . 109, 000 157, 000
Total. o oo e 469, 800 478,000
Noncontributing area:
West of Notus, within ground-water divide (tributary to Boise River):
Irrigated lowland (includes some Black Canyon project lands)_._-._..__. 60, 300 54,000
Nonirrigated Yowland .. _ . 30, 600 27, 400
L U 90, 900 81,400
Area having surface drainage to Boise River but ground-water drainage to
Snake RIVer. e —— 339, 300 303, 700

1 Based on median between average precipitation at Boise and Caldwell.

2 Approximate total area. Available maps inadequate for accurate determination.
3 “ngltziibuting” area is that area, and area tributary thereto, in which ground-water recovery probably
is practical.

The volume of precipitation on the Mountain Home plateau can be
estimated only very approximately from the inadequate data on pre-
cipitation. For the purpose of the estimate an eastern boundary was
chosen arbitrarily at 115°30’ west longitude (pl. 1). The rainfall-
catchment area of the plateau, including the tributary mountainous
area along the northeast, is about 750,000 acres. The estimated
average annual rainfall—the median of the amounts at Boise, near
the north margin of the plateau, and at Mountain Home, in the south-
central part—is 10.08 inches (rounded to 10.1). The estimated
volume of precipitation on the whole area is about 631,000 acre-feet.

TEMPERATURE

The mean annual temperature at Boise is 50.8° F. July has the
highest, and January the lowest, average monthly temperature. The
maximum temperature recorded at Boise was 109° F, in June 1940,
and the lowest was —17° F, in January 1950. The total range of
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temperature during 1921-50 was 126° ¥, but this complete range, of
course, never has been covered in any one year. Other pertinent
temperature data are summarized in table 12. ‘

The average number of days between killing frosts at the Boise
weather station is 172, which is a long growing season compared to
that of most farming areas in Idaho. The average date for the last
killing frost in the spring is April 26; that for the first killing frost in
the fall is October 15.

TABLE 12.—Average temperature, in degrees Fahrenheit, at stations in Ada, Canyon,
and Elmore Counties

[From records of the U. 8. Weather Bureau]

Mean | Years of
record

[~

3
:
£

. {Feb.Mar.|Apr. May{JunelJuly|Aug.| Sept. | Oct. Nov.

3

Station

Arrowrock Dam___| 24.0| 30.5] 30.0| 48.7] 57.1| 64.6] 74.5| 72.6| 62.2| 50.9) 37.4| 27.6 49,2 191245

1] 27.3] 34.0| 41.8] 40.9! 58.1| 65.1| 74. 8| 72.5| 62.4] 52.6| 30.6| 31.0 50.8| 1921-50
Caldwell.____.____ 28.3| 34.7| 42.8| 50.9| 57.9| 65.2) 73.5 70.3| 61.0| 52.1) 38.8| 30.4 50.5| 1905-45
Qlenns Ferry______ 29.2 35.4| 43.9| 51.6] 59.5| 68.0; 77.5 74.0| 62,8 51.3) 30.6| 30.8 52.0| 1918-45
Meridian._________ 28.6] 34.6| 42.7) 50, 4| 57.7| 65.0| 73.1} 70.7/ 61.2 51.6| 30.2! 30.6 50.4! 191145
Mountain Home._| 27.8| 33.4| 40.6| 48.6| 56.0/ 63.3| 72.2| 69.5| 50.9| 50.3| 38.2( 29.6 49.1) 11912-52
Nampsa..._________ 29.4| 36.0| 41.9| 52.0| 58.4f 64.2| 74.5 73.0f 61.3| 53.4| 39.9) 32.5 51.4] 1 1804-52

I Records are intermittent.
WIND AND EVAPOTRANSPIRATION

The prevailing wind in the Boise area is southeast, and the average
velocity is 9.5 miles per hour. The greatest velocity recorded at Boise
was 61 miles per hour in July 1944.

Evaporation from open-water surfaces in land pans has been meas-
ured at Arrowrock Reservoir and Lake Lowell during the growing
season (table 13). The estimated average yearly rate of evaporation,
adjusted to the reservoir water surface, is 33 inches at both stations.

Transpiration by plants is most rapid during the growing season,
though a small amount of water is transpired in other periods. The
wide range of transpiration rates for common crops in the Boise
Valley makes it difficult to determine an average rate for the entire
irrigated area in the valley. The rate commonly assumed is 2.2 acre-
feet per acre, which is adopted here. Consumptive use of water on
the nonirrigated lowland is assumed to be 0.6 acre-foot per acre per
year. This rate may be lower than that at which native plants would
consume water if it were available during the growing season, but in
the Boise Valley a large part of the yearly precipitation falls during
the nongrowing season. At Boise, for example, the long-term average
annual precipitation is 11.48 inches (table 8). Precipitation during
the growing season, April through September, however, is only 3.88
inches, whereas precipitation during the nongrowing season, October
through March, is 7.60 inches. Although winter precipitation restores
soil moisture, the native vegetation of the lowland is largely grass,
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sagebrush, and other common plains plants that grow well where the
total annual precipitation is no more than 6 to 8 inches.

TABLE 13.—Esiimated average evaporation from open-waler surfaces, Arrowrock
Reservoir and Lake Lowell

[Based on discontifiudus redords for class A land pans of the U. 8. Weather Bureau. Evaporation in inches
of water; temperature in °F]

Monthly average temperature and evaporation

from land pan
Month
Arrowrock Dam 1 Lake Lowell 2
Tempera- | Evapora- | Tempera- | Evapora-~
ture tion ture tion
24.9 *0 29.4 *1.0
30.5 *0 36.0 *1.5
39.0 *1.5 41.9 *2.1
48.7 3.70 52.0 *4.3
57.1 .6.39 58.4 *5.8
04.6 7.26 64. 2 6.91
75.5 10,64 74.5 7.95
72.6 7.47 73.0 6. 86
62.2 5.80 61.3 4,97
50.9 2.41 53. 4 *3.7
37.4 *.60 39.9 *2.0
27.6 *0 32.5 *1.0
Total (land pan) ... e e e 47,8 | oo 48.1
Total, adjusted to reservoir water surface_ ... - |o-ceoeoe_o 333 833

1 Records from 1916 to 1948 for season April through October.

2 Records from 1916 to 1925 for season June through September. Temperature record is for Nampa.

3 Adjusted by multiplying land-pan total times 0.69. (See Follansbee, 1934.) ‘

* Estimated by graphic comparison with records from stations at climatically similar locations in south«
western United States.

The vegetative cover on the eastern upland is not homogeneous,
and the average rate of consumptive use of water is here assumed to
be 0.9 acre-foot per acre per year. Fully forested areas consume con-
siderably more moisture, but proportionately little of the area is fully
forested. Substantial areas are occupied by upland shrubs, and much
of the region is grassland. An average consumptive rate of 0.9 acre-
foot per acre per year is believed to be reasonable.

Consumptive use of precipitation on the northern highland is as-
sumed to average 0.6 acre-foot per acre per year. Most of the area is
occupied by native grass and upland shrubs. Much of the soil is
coarse and permeable, having alower capacity toretain moisture than the
lowland soil. Inasmuch as there is little surface runoff, it is believed that
a substantial portion of precipitation percolates below the root zone
and recharges ground water.

TOPOGRAPHIC FACTORS INFLUENCING WATER SUPPLY

The chief topographic factors that influence water supply are alti-
tude and relief. Other things being equal, precipitation at higher alti-
tudes is greater than at lower altitudes, as is illustrated by records
from weather stations in the Boise River basin (fig. 8). The influence
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of relief and landforms on precipitation, on the other hand, is illus-
trated by weather records for Mountain Home, on the plateau, and
for the Arrowrock station, which is in a rugged mountain valley.
The altitude at Arrowrock is only 74 feet higher than at Mountain
Home, but precipitation at Arrowrock is nearly double that at Moun-
tain Home.

In the Boise River basin the range of altitude in the lowland is from
about 2,200 to 3,000 feet, but the mountainous watershed rises to
altitudes as high as 8,000 feet. As is generally the case, air masses
moving over the flat lowlands and plateau precipitate relatively little
moisture. The air masses are forced to rise, however, where - they
pass over foothills and mountains. The rising air is cooled, causing
condensation of moisture and precipitation in the foothills and moun-
tains. For these reasons precipitation in the Boise Valley is low, but
precipitation in the eastern upland is much greater. Thus the original
source of most runoff in the Boise River is precipitation at altitudes
above 3,000 feet in the eastern upland.

Surface altitudes in the Mountain Home plateau range from 2,200
to 3,200 feet and relief at most places is low. Air masses that move
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eastward over the plateau do not rise sharply until they are east of
it, and the plateau therefore receives little precipitation.

. The relief of the land surface influences also the rate and amount
of runoff and the amount of water that percolates into the ground.
The steep mountain slopes in the eastern upland are conducive to
rapid runoff and small infiltration. The relatively low relief in the
Boise Valley and on the Mountain Home plateau, however, favors
slower runoff and more infiltration. Depressions without surface
drainage are common on the plateau, and local surface runoff into
these is dissipated by evaporation and infiltration.

In areas where recharge of ground water is by downward percolation
to a homogeneous aquifer, the configuration of the water table tends
to be a subdued replica of that of the land surface. Commonly,
however, the rate of downward percolation is not uniform through a
large area; also, there are both horizontal and vertical variations in
the porosity and permeability of aquifers, so that the configuration of
the water table at many places is quite complex. In general, within a
limited area, the higher the land-surface altitude the greater the depth
to water, but this direct relation is modified by other factors (fig. 9).
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FIGURE 9.—QGeneralized cross section south of Boise River at Boise, showing relation of water table to land
surface in summer of 1953.

The Broadway terrace in the Boise Valley is about 60 feet lower than
the Whitney terrace, but the depth to water beneath each is about 5 to
15 feet. The ground water beneath the terraces is influenced strongly
by subsurface geologic factors and by rapid local recharge, but the
influence of topography seemingly is shown by the southward rise of
the water table toward the Sunrise terrace and the ground-water
divide. Farther south, however, the water table drops beneath the
plateau, though the land-surface continues to rise. Recharge in the
plateau is not sufficient to maintain there the near-surface water level
that exists in the Boise Valley. The depth to water in the Boise
Valley and the valley of the Snake River, where recharge is abundant,
is generally less than 50 feet (pl. 4), whereas the depth to water
beneath much of the Mountain Home plateau, an area of small
recharge, is several hundred feet.
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WATER MANAGEMENT

The discharge characteristics of the Boise and Snake Rivers are
influenced by storage, diversion, flood-control, and power-generation
dams and by return flow of water from irrigated areas. The flow of
many tributaries, including ephemeral streams, also is regulated.
Modification of the regimen of surface streams has a less obvious
counterpart in modification of the ground-water regimen. Irrigation
in the Boise Valley caused changes in the ground-water regimen by
increasing the amount of ground-water recharge and storage. The
water table at some places near Lake Lowell, for example, has risen
about 140 feet since the completion of the reservoir in 1911. The
cycle of annual rise and fall of the water table also has been altered.
The highest water levels in a natural regimen ordinarily would occur
in the late spring, immediately after the time of greatest natural
recharge. In the existing regimen the annual peak occurs near the
end of the irrigation season (fig. 10).
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Fiaure 10,.—Comparistii of total monthly precipitation at Boise Airport with water-level fluctustions in
well 3N-1E-5aal during 1953.

The rise of ground-water levels has been accompanied by an increase
in ground-water discharge to the Boise River, further changing the
regimen of that stream. Withdrawal of ground water through wells
and surface drains also affects the ground-water and surface-water
regimens. Inasmuch as additional wells and drainage works are con-
structed each year, alteration of the regimen is continuous, and an
equilibrium among ground-water recharge, storage, and discharge
never has been reached since irrigation began. Heavy pumping of
ground water in the Boise Valley under the alternate plan for the
Mountain Home project would be an additional disturbing influence,
and many years might be required to reach equilibrium. Application
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of water on the Hillcrest division would materially alter the regimen of
that area by increasing ground-water recharge and probably by
causing new zones of ground-water discharge to develop along terraces
adjacent to that division at the southern edge of the Boise Valley. A
change in the amount of Boise River water that is applied for irrigation
and exporting of river water from the basin, as proposed in the
alternate plan, also would alter materially the river and ground-water

regimens.
GENERAL WATER-SUPPLY PATTERNS

The water-supply patterns in each of the three subdivisions, Boise
Valley, Mountain Home plateau, and Snake River valley, are dis-
tinctive and characteristic. Water utilization under the alternate
plan, to be effective, would have to be designed within the limitations
imposed by the existing supply patterns, especially in the Boise Valley.

VALLEY OF THE SNAKE RIVER

The Snake is one of the most thoroughly regulated rivers in North
America. A series of storage and hydropower reservoirs and irrigation
diversions on the river for several hundred miles above Swan Falls
regulates the river so thoroughly that during some dry seasons the
flow past the Mountain Home plateau is derived chiefly from large
springs a few miles above Glenns Ferry. The river has but few
perennial tributaries in the reach here discussed, and the surface
increment from these and many intermittent tributary creeks, chiefly
on the south side of the river, is relatively small. On the north side
the only perennial tributaries are very short ones, fed by minor springs
in the canyon walls and slopes. The average calendar-year annual
discharge of the Snake River at Swan Falls during the base period
was 7,164,000 acre-feet. There are no gaging stations on the river
between Swan Falls and Weiser, Idaho, about 100 miles downstream,
and there are few records for local tributaries, so that gains in
the river reach adjoining the Mountain Home plateau cannot be
segregated.

Ground water in the Snake River valley has not been studied.
Small supplies are obtained locally from shallow aquifers. Deep
wells in lake beds at several localities tap warm artesian water, but
the potential of this source has not been explored. In the canyon
and valley slopes there are a few small springs, and locally wells have
tapped rather large supplies of ground water in basalt aquifers. This
water is believed to be recharged chiefly by local irrigation.

MOUNTAIN HOME PLATEAU

The Mountain Home plateau lacks perennial streams. Several
small mountain-fed streams, such as Long Tom Creek, extend for
short distances onto the northeastern part of the plateau, where the
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flow terminates because upland discharge is too small to maintain
the streams across the plateau. Most precipitation on the plateau
becomes soil moisture, and perennial runoff is neglibible. Rattlesnake
and Canyon Creeks flow intermittently southwestward to the Snake
River across the southeastern part of the plateau. Tenmile and
Indian Creeks flow intermittently northwestward to the Boise Valley
across the northern part of the plateau. The discharge volume of
these creeks on the plateau is not known. Most precipitation that
is not absorbed as soil moisture percolates through permeable ma-
terials and becomes ground-water recharge.

Ground water in the plateau has not been studied. Available
information indicates that in much of the plateau the depth to water-
bearing materials is great, ranging from a few hundred feet to nearly
1,000 feet. There seems to be artesian pressure at some places but
water does not rise in wells more than a few score or hundreds of
feet above the level at which it is tapped. Pumping lifts therefore
generally are high. Locally, as in the vicinity of Mountain Home,
there is an appreciable amount of perched ground water in shallow
gravel aquifers. This water is recharged by underflow from adjacent
mountain slopes and by losses from irrigation water that is obtained
from local streams. Natural discharge of ground water from the
plateau is through springs and seeps in the valley of the Snake River.
The contribution, however, is such a small percentage of the total
flow of the Snake River that the increment probably could not be
detected by ordinary stream-gaging methods.

The perennial supply of ground water in the plateau is adequate
for farm and rural domestic supply, and for local irrigation develop-
ments. The high pumping lifts and expense of deep-well drilling,
however, would be an important factor to homesteaders on reclama-
"~ tion farms.

BOISE VALLEY

The Boise Valley is the gathering ground for water collected in a
catchment area several times its own size. The factors that influence
the occurrence of water in the valley—geology, climate, topography,
and water management—all favor a large perennial surface-water
supply, a large volume of ground water in storage, and a large volume
of perennial ground-water recharge and discharge. Moreover,
aquifiers at relatively shallow depth yield water copiously, at low
pumping heads, to wells of comparatively simple design. Neverthe-
less there is considerable local variation in the capacity of aquifers
to yield water and in the susceptibility of shallow saturated zones to
drainage by pumping. The pattern of these variations, in relation
to the patterns of water demand, water availability, and drainage
needs, is a decisive element in the feasibility of the alternate plan.
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With Anderson Ranch Dam and Lucky Peak Dam completed,
substantial regulation of the Boise River after 1955 is assured. In
Arrowrock and Anderson Ranch reservoirs the total active storage
capacity is 709,000 acre-feet according to records of the Bureau of
Reclamation in 1954, and the gross capacity of Lucky Peak reservoir
is 280,000 acre-feet. During future operation it is expected that space
in all reservoirs will be used jointly for irrigation, flood control, and
power generation.

During the base period the average yearly discharge of water by
the Boise River to the head of the Boise Valley was 1,760,000 acre-
feet (table 6); the average diversion of live water at Boise Diversion
Dam was 1,280,000 acre-feet, or nearly 73 percent of the total dis-
charge (Bureau of Reclamation records, 1954). About 201,000 acre-
feet of live and return water was diverted from the river between the
diversion dam and the Notus gaging station, so that the average
recorded diversion from the river was 1,481,000 acre-feet (table 6),
equivalent to 84 percent of the total live discharge. The observed
residual diseharge past Notus was 701,000 acre-feet.

Lands in the irrigation districts are served by a complicated net-
work of canals (pl. 3) and an equally complex net of drainage ditches.
The drains acquire surface waste and effluent ground water, and much
of this is diverted and reused. The lower reaches of Tenmile and
Indian Creeks function as drains for waste irrigation water and effluent
ground water. Discharge records for the drains are available for the
months of April to September; a small amount of natural runoff is
included in the reeords.

Available estimates from the Bureau of Reclamation (1954) of
water-diversion requirements and duty of water indicate the following:
(1) the recorded average diversion of 1,280,000 acre-feet of live water _
does not represent a full supply of water for all irrigated land. (2)
About 1,400,000 acre-feet of live water, plus return-flow diversions,
would be a full supply. (3) In recent years of ample water supply,
live-water diversions have approached the full requirement; the total
volume of diversions, including live and return water from the Boise
River, plus recorded diversions directly from drains, has exceeded
1,800,000 acre-feet per year; unrecorded mass return directly into
canals and laterals probably raises the gross volume to at least
2,000,000 acre-feet. (4) The average net diversion requirement from
all sources for a full supply of water is not less than 5.8 acre-feet per
acre, and probably is about 6.0. These and related data were the
basis for original-plan estimates of water requirements for the Payette
unit, Mountain Home project.

Based on the above data, the average duty of various classes of
water for the entire irrigated area of 340,000 acres has been computed
(table 14).
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TasLe 14.—Duty of surface waler for irrigation in Boise Valley

Duty!
Amount
Class of water (acre-ft/
{aere-ftfyr) acre/yr)
Live water: .
Recorded diversions (base period). ... . 1, 280, 000 3.3
Full supply, base period (also for eurrent operation) . ... ___ 1, 400, 000 4,1
Mixed water (live plus return):
Recorded diversions from river above Notus (base period)_ ... _________ 1,481, 000 4.4
Total recorded diversions from river and from drains (years of ample water
L350 47 03 5 TSy SO RS 1, 800; 000+ 53
Total recorded diversions, plus unmeasured mass return to canals and laterals
(estimated; years of ample water SUPPIY) - o oo oo ccmmm e e 2, 080; 000 5.9

1 Computed on basis of 340,000 acres. No allowance is made for supplemental ground-water supply which
is sufficient for an equivalent area of 23,000 acres (see p. 17). Much of the pumped ground water goes into
drains and laterals and probably is included in the recorded diversions,

The preceding discussion does not take into account the contribu-
tion of live water from small Boise River tributaries west of Boise
Diversion Dam. The supply from them is not accurately known but
is a negligible percentage of the total surface supply. Most of the
tributary flow during the irrigation season is diverted before it reaches
the Boise River.

A substantial percentage of land in the Boise Valley requires drain-
age. Data on the acreage involved are fragmentary, but the map
(pl. 4) showing the depth to water in the Boise Valley in 1953 suggests
the magnitude of the problem. In general, where the depth to water
is less than 10 feet there is potential danger because, in fine-grained
soil, the capillary fringe may reach to or near the surface or a period
of rising water levels may bring the water table dangerously high.
The depth to water is less than 10 feet in about 100,000 acres south
of the Boise River, or about 29 percent of the irrigated area. The
Pioneer and Nampa-Meridian Irrigation Districts probably contain
the largast proportion of damaged or threatened land. 1In the Pioneer
district about 19,000 acres out of 34,500 (55 percent) requires drainage.
Generally satisfactory results have been obtained by pumping wells.
In the Nampa-Meridian district about 29,000 acres, or 36 percent of
its total area, needs drainage. The district has a very active drainage
program, including both wells and gravity drains.

Many wells are present already in the Boise Valley within the area
of potential heavy draft under the alternate plan (pl. 3). In parts of
this area the most prolific aquifers are artesian, but nonartesian water
also is the cause of much waterlogging. Existing wells in the valley
annually withdraw nearly 150,000 acre-feet of artesian and non-
artesian water, including 132,000 acre-feet that is used for irrigation.
Many of these wells, and thousands of farm and domestic wells, are
constructed and operated on the basis of a very shallow water table
or high artesian-pressure surface. Great lowering of water levels and
artesian pressures, caused by a concentrated heavy draft on ground



38 THE ALTERNATE PLAN, MOUNTAIN HOME PROJECT, IDAHO

water under the alternate plan, would affect existing use of ground
water, and that effect would have to be considered.

Most existing water wells are in the central part of the valley, in
a wide belt extending northward from Lake Lowell to Nampa and
Caldwell, thence across the river to Notus and Parma (pl. 3). Impor-
tant groups of wells occur also around Meridian, Eagle, and Boise,
and there are many wells west of Nampa and Caldwell.

The alternate plan proposes to pump replacement ground water
only on the south side of the Boise River. Diverted river water,
however, is divided between the north and south sides and about 17
percent (58,000 acres) of the irrigated land is on the north. Pre-
sumably about 17 percent of the diverted surface water goes to the
north and roughly the same percentage of ground-water recharge
from irrigation occurs on the north side. Moreover, an undetermined
large percentage of the north-side lands needs drainage. Water in
major drains, such as Elijah drain, is gathered south of the river and
diverted across to serve land on the north. Further, some of the
water pumped from drainage wells in the Pioneer Irrigation District
is discharged to canals that carry water to downstream irrigation
districts.

Such is the pattern of water supply and water use which the alter-
‘nate plan proposes to modify by exporting 34 percent of the total
live water in the Boise River basin, by importing replacement water
from the Snake River, and by pumping from the ground twice the
amount of water that already is being obtained from wells. These
modifications obviously would be substantial and bold.

TOTAL WATER SUPPLY

The total water supply of an area consists of all the surface water
and all the ground water. The available supply is the portion of the
total that can be recovered before it passes from the area. The
usable supply is the amount that can be economically recovered and
used. Among irrigators ‘“usable’”” has the connotation of being eco-
nomically divertible and usable for irrigation. However, water that
is unusable for irrigation may be available and potentially usable for
industrial and other purposes. Inasmuch as some water may be
used and reused several times before it leaves the basin, each reuse
may be treated as an addition to the total usable supply. In this
report the word ‘““usable’” means accessible and divertible for any use,
and the total is called the effective potentially usable supply.

The alternate plan is concerned directly only with irrigation, drain-
age, and power, but industrial development is a necessary part of the
economy and also is dependent on the water supply. Inasmuch as
practically the entire yield of surface water in the Boise Valley that
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is usable for irrigation already is being used, the success of the alter-
nate plan would depend upon the availability of a total water supply
sufficiently plentiful to allow export of 600,000 acre-feet of water
yvearly. An estimate of the total supply for the Boise Valley follows;
the Snake River supply is not discussed because obviously it far ex-
ceeds the maximum draft that would be imposed on it under the
alternate plan; the relatively insignificant surface-water supply on
the Mountain Home plateau has little bearing on the water-exchange
problem and there is no provision in the alternate plan for pumping
ground water for irrigation on the plateau. The ground-water supply
on the plateau is adequate for farm and domestic supply on new lands.

SURFACE WATER
USABLE SUPPLY

The average surface-water yield of the Boise River basin above
Boise Diversion Dam during the base period was 1,760,000 acre-feet.
a year (table 6). About 480,000 acre-feet of live water was spilled
past Boise Diversion Dam. Part of that spill served downstream
river rights and part was unused winter flow. Not all the spill, there-
fore, was surplus that would have been usable for irrigation. The
usable surplus of river water depends on the timing of natural flow
and on reservoir and diversion operations. According to Bureau of
Reclamation reservoir-operation studies, the average surplus usable
for irrigation during the base period was 365,000 acre-feet a year.
The figure, 330,000 acre-feet, which has been published (U. S. Bur;
Reclamation, 1950b), was based on older operation studies for the
period 1922 through 1946. :

Evidently, the average upstream surplus is more than adequate to
meet the alternate-plan demand for 225,000 acre-feet of surplus
Boise River water (to which would be added 375,000 acre-feet of non-
surplus water, to be replaced as described). The average surplus at
Boise Diyersion Dam, however, does not mnecessarily indicate an
adequate surplus in the South Fork of the Boise River at the point
where diversion to the Mountain Home project would be made.
This would be especially true in years of low flow. Moreover, in 6 of
the 20 years from 1931 through 1950, the volume of recorded diversions
from the Boise River above Notus exceeded the flow at Boise Diver-
sion Dam in amounts ranging from 3,865 to 107,640 acre-feet. In
those years there was little or no surplus river water above B01sé
Diversion Dam.

During the base period the average residual discharge of the river
past Notus was 701,000 acre-feet (table 6). Nevertheless, in many or
most years, there was a reach of the river between Eagle Island and the
eastern boundary of Canyon County where there was essentially no
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flow. Obviously, in such years all live water is diverted upstream and
the discharge past Notus is surface return and discharged ground water,
Records of inflow, and of rediversion and reuse of water from drains,
are incomplete and the quality of some records is poor. The live
discharge of small tributary streams between Boise Diversion Dam
and Notus also is poorly documented. Thus the water budget for
the valley cannot be accurately balanced. Using river records for the
base period only, the apparent average net gain of water in the river
above Notus was 422,000 acre-feet a year (table 6). Assuming that all
water in the river above Notus is potentially usable, the average
potentially usable supply in the river above Notus is 2,182,000 acre-
feet (recorded diversions of 1,481,000 acre-feet plus residual flow of
701,000 acre-feet past Notus).

The residual flow of water past Notus includes a small amount of
Live water from small tributary streams. Runoff in Cottonwood Creek
was 2,380 acre-feet in 1940 and 1,680 acre-feet in 1941. A tributary
of Dry Creek yielded 4,200 acre-feet from December 1911 to May 1912.
The total runoff of north-side tributaries may be on the order of 10,000
to 15,000 acre-feet a year, largely during seasons when the water is
not usable for irrigation.

Most of the water supply above Notus is available for use because
very little water is needed in the river channel to dilute industrial
and sewage waste. The Boise sewage-treatment plant is a large source
of sanitary waste, but effluent from this plant is virtually innocuous.
(Clare, H. C., Idaho State Department of Public Health, oral com-
munication, 1954). At Caldwell and vicinity untreated sewage and
industrial waste require dilution with river water. The minimum
desirable river flow has not been determined but depletion of the
flow at or below Caldwell might create a health hazard.

SURFACE-WATER DEPLETION

. The estimated average consumptive use of water by irrigated crops
in the Boise Valley is 2.2 feet a year, of which about 0.4 foot is soil
moisture supplied by direct precipitation, and about 1.8 feet is diverted
é;urface water. The ratio between consumed precipitation and con-
sumed irrigation water varies from year to year, depending on the
weather and on the relative patterns of irrigation and precipitation.
Accurate values for the ratio are not available but, so far as is apparent
from published data, the assumed total consumptive use of 2.2 feet
is reasonably accurate. The principal importance to this report of
the volumes of precipitation and irrigation water that are consumed
is for the related computation of the volumes of ground-water recharge
by unconsumed portions of the water (see p. 41-47). If it is desired
to assume a ratio different from 0.4 to 1.8, the computations can be
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adjusted readily. In any event, the total volume of potential ground-
water recharge from precipitation and irrigation is the same, regard-
less of the ratio, so long as the total consumptive-use requirement of
crops is being met. '

Farm delivery of surface water in the Boise Valley ranges from about
4.0 to 4.5 acre-feet per acre. The area under surface-water irrigation
is 340,000 acres, but supplemental ground water from wells is suffi-
cient to supply the equivalent of 23,000 acres (see p. 17). The net
area dependent on surface water thus is 317,000 acres, on which the
estimated consumptive use is about 571,000 acre-feet a year.

The estimated rate of evaporation from Lake Lowell is 33 inches a
year (table 13), of which 8.43 inches is available from precipitation;
the remainder is Boise River water. The volume of evaporation
from 9,835 acres of lake surface is about 27,000 acre-feet, of which
6,900 acre-feet is from precipitation and 20,100 acre-feet is Boise
River water. The computed net consumptive depletion of surface
water thus is 590,700 acre-feet.

The observed net depletion of Boise River water above Notus is
1,059,000 acre-feet. The actual net depletion probably is somewhat
greater because outflow at Notus includes flood and storm runoff from
small tributary creeks whose contributions are not gaged. Inasmuch
as live-water contributions by these streams may be appreciable,
depletion of Boise River water above Notus is here assumed to be
1,070,000 acre-feet a year.

GROUND WATER

The perennial yield of ground water in the Boise Valley can be
approximated roughly from precipitation and streamflow records,
consumptive-use requirements, water-bearing characteristics of geo-
logic materials, peculiarities of the local hydrologic cycle, and obser-
vational ground-water data.

WATER FROM THE EASTERN UPLAND

About 70 percent of the Boise River basin is above an altitude of
3,000 feet. Precipitation on the upland is relatively heavy, chiefly
as snow; there most of the water supply of the Boise Valley originates.
Precipitation on the eastern upland above Boise Diversion Dam is
largely on steep mountain slopes formed by granitic rocks of the
Idaho batholith and local volcanic rocks. These rocks store and
transmit relatively little water, owing to their low porosity and
permeability, The mountain soils are mostly thin and coarse, holding
only moderate amounts of soil moisture, so most snow melt runs off
rapidly into the valleys. Some valleys contain a fairly large quantity

386771—57——4
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of ground water stored in substantial accumulations of sand and
gravel, from which the water is fed gradually into streams.

At the junction of Moore Creek and the Boise River, about 5 miles
below Arrowrock Dam, practically all the water from the mountainous
eastern upland is funneled into a narrow valley that is bounded on
either side by granitic and volcanic rocks. These rocks form a nearly
impermeable floor beneath accumulations of permeable alluvium, and
most of the water originating in the eastern upland apparently is at
the surface in the river channel from the vicinity of the mouth of
Moore Creek to Boise Diversion Dam. Ground-water underflow
probably is relatively small, owing to the small cross-sectional area of
saturated permeable alluvium. Below the dam the river debouches
anto the floor of the Boise Valley.®

The amount of water that leaves the mountains as ground-water
underflow can be computed approximately from available precipita-
tion and runoff data and consumptive-use estimates. That is, pre-
cipitation, less consumptive use and export diversions, less surface
discharge equals ground-water recharge and underflow. A rough com-
putation (table 15) indicates a theoretical water yield of 1,795,000
acre-feet, which is 35,000 acre-feet greater than the measured surface
discharge in the Boise River. The excess, equivalent to an average
continuous flow of about 48 cfs, apparently is ground-water underflow
in the vicinity of Boise Diversion Dam and through the highland
north of the dam. Rocks in the vicinity of the dam do not seem to
be capable of transmitting a large quantity of water. Substantial
westward flow through the northern highland seems unlikely, and no
area is known where a large amount of water could escape by under-
flow. The apparent small discharge from the eastern upland, there-
fore, is consonant with observable hydrologic characteristics of the
rocks and sediments through which the water must pass. Owing to
the approximate nature of the computations in this report, the ap-
parent rate of ground-water discharge—48 cfs—has no factual stand-
ing. It serves chiefly to indicate the general order of magnitude of
ground-water underflow. Although the volume of water concerned
is relatively small, it would be adequate for the farm-delivery require-
ment of nearly 9,000 acres of land and therefore is of significant concern
to the alternate plan.

8 After this report was completed construction of Lucky Peak Dam advanced sufficiently to allow partial
operation. At peak stage, water in the reservoir risss a few feet on the downstream face of Arrowrock Dam;
backwater also extends a few miles up the valley of Moore Creek. Much of the stream-valley areas here
described are submerged during parts of the year. Owing to the geologic nature of the valleys, the im~
pounding of water does not materially alter the substance of this paragraph.
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TaBLE 15.—Estimated disposition of precipitation on Boise River Basin

fArea-volume of precipitation from table 11]

Volume
of water
: Area and disposition (acre-ft)
Eastern upland:
Evapotranspiration (estimated average rate, 0.9 £t) o e 1, 558, 300
Consumed on farms and exported from Basin . C o e em 15, 000
Evaporation, Anderson Ranch and Arrowrock Reservoirs (estimated rate, 2.75 f£) aceeeeee— 21, 700

Total consumed . e e e
Total precipitation e
Unconsnmed residnal (theoretie total water yield). .o
Surface-water yield (runoff at Boise Diversion Dam) . e
Apparent ground-water underflow . e

Northern highland:
Total precipitation ... ____
Counsumed by native vegetation (assumed 0.6 ft) .. _____._.____
Runoff (assumed) ... .
Residual, available for ground-water recharge in highland
Lowland ground-water recharge from highland runoff.. ... . ..
Total recharge contributed by highland__________ ________ e

Boise Valley:

Contributing area:
Total precipitation ... oo 321, 000
Consumptive use:
Irrigated land. e 98, 600
Nonirrigated land__ . ____________ e 62, 800
Evaporation, Lake Lowell (8.43in.a vear) .o« e, 6, 900
Total consumPtive WS . e 168, 300
Residual (potential ground-water recharge) - - v ooooe oo 152, 700
Noncontributing area:
Area where ground water is tributary to Boise River:
Total precipitation_ e 81, 400
Consumptive use:
Trrigated land .. e 24,100
Nonirrigatedland._______ ______ e e e et e e e e 18, 400
Total consumptive Use—— .. . e 42, 500
Residual (potential ground-water recharge) . e 38, 900
Area where ground water is tributary to Snake River:
Total precipitation: disposed as runoff, recharge, and consumptive use.__.______..._.__ 303, 700

WATER FROM THE NORTHERN HIGHLAND

The area of foothills and mountains north of the Boise Valley is
mostly above an altitude of 3,000 feet, but surface runoff is small,
occurring chiefly as flash discharge after heavy rainstorms and rapid
snow melting. Topographic influence on precipitation and geologic
influence on runoff are evident.  In the northern highland the rate of
precipitation is less than in the eastern upland but appreciably
greater than in the Boise Valley. The foothills are not forested,
indicating that the amount of precipitation available as soil moisture
is less than that required for forest survival. Heavy snow cover
accumulates in winter on the higher ridges, which are partly forested
and contain typical small mountain creeks. Small springs and seeps
occur in the foothills.

Permeable beds of the Idaho formation compose most of the foot-
hills in the northern highland, where they overlap the Idaho batholith.
The sediments as a whole are coarser toward the batholith, containing
many beds of gravel and coarse sand. These geologic features
decisively influence the runoff characteristics of the area. The foothill
sediments absorb most precipitated water except during heavy rain-
storms. Small streams that drain the higher mountains lose water
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rapidly in the foothill sediments, especially in the coarser zones near
the batholith, Water not needed to restore soil moisture percolates
downward and becomes stored ground water, some reaching the Boise
Valley in shallow aquifers, and some entering artesian aquifers and
migrating to the valley at considerable depth.

Ground-water underflow from the northern highland reaches the
Boise Valley far enough east to be practicably recoverable in the
Iowland. The contributing highland area is about 109,000 acres, on
which the estimated volume of precipitation is about 157,000 acre-feet
a year (table 11). The estimated disposition of this water has been
shown in table 15.

RECHARGE FROM LOWLAND PRECIPITATION

Natural surface runoff in the Boise Valley is small, and most
precipitation on the lowland enters the ground, where part of it
restores soil moisture and part becomes ground water. The estimated
disposition of precipitation shown in table 15 applies to the entire
Boise Valley, including the part of the Black Canyon irrigation project
that is within the Boise Valley ground-water basin, but which is
irrigated with imported Payette River water. The area that con-
tributes ground water that would be practicably recoverable from
wells or drains east of Notus is segregated in table 15 from other areas.

Within the contributing area actual exchange of ground water for
surface water under the alternate plan probably would be largely in
an area east of Notus (fig. 11), for reasons that are discussed later in
this report. That area, herein called the exchange area, includes about
233,700 acres, lying both north and south of the Boise River. The
disposition of precipitation in the exchange area is estimated below,
assuming that 0.6 foot of water is consumed on nonirrigated lowland
and that all but 0.4 foot of the consumptive requirement on irrigated
land is met by irrigation water.

Area Precipita- | Consump-
(acres) tion tive use
(acre-ft) (acre-it)
Irrigation area (water from all SOUFees) oo oo ooooeeooceoo 218, 800 195, 800 87, 500
Nonirrigated aref .. oo oo 14, 900 13,300 8, 900
bR e et e et m e —————————— 233, 700 209, 100 96, 400
Net potential recharge (rounded) . .o rm e ca e cc e memcmamm——— 113,000

The summation shows that the net potential recharge from precipi-
tation within the exchange area is about half the supposed minimum
ground-water pumping requirement of the alternate plan. The
amount of actual recharge from precipitation, unfortunately, is not
known. Recharge is not areally uniform in the lowland because local
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areas of saturated soil and impermeable soil reject recharge and allow
local runoff. Much local runoff, however, reaches areas where

recharge occurs.
RECHARGE FROM IRRIGATION

Water stored in surface reservoirs, which otherwise would run out
of the basin, contributes to recharge of ground-water reservoirs
during irrigation. Irrigation increases the amount of land in contact
with potential-recharge water, and relieves the consumptive-use
demand on precipitation, thus increasing potential recharge from
precipitation. Diverted surface water that becomes ground water
has been counted once already as part of the surface-water supply
of the Boise Valley. The recharge water, nevertheless, is available for
reuse and is a part of the usable effective total water supply. The
recharge water, therefore, is treated as a basic supply.

A qualitative deduction about the volume of recharge from irriga-
tion may be made on the basis of water-level fluctuations in wells.
Recharge from precipitation causes water levels in shallow wells to
rise shortly after heavy rainfall or rapid snow melting. TIn the Boise
Valley the effects of precipitation are largely masked by water-level
fluctuations induced by recharge from irrigation. The well repre-
sented by the hydrograph in figure 10 is 2 miles northeast of Meridian
in the heart of the irrigation district. The water level reached a
peak in mid-September 1953. Without recharge from irrigation the
peak would be expected in the spring, but at that time the water
table still was on the downward trend that followed the previous
irrigation season, and a general rise did not begin until after irriga-
tion water was turned into canals in April. The graph illustrates
that in the vicinity of the well the amount of recharge from precipita-
tion is substantially less than that from irrigation water. This
condition probably pertains throughout the irrigated area. Hence,
if actual recharge approaches the amount of the preceding estimate
(that potential recharge from precipitation is about 113,000 acre-feet
in the exchange area), then recharge from irrigation is substantially
more than 113,000 acre-feet in the same area.

The complicated pattern of use, rediversion, and reuse of water
in the Boise Valley makes most methods for estimating ground-water
recharge from irrigation unmanageable. Potential net recharge from
irrigation is here estimated simply on the basis of live-water diversions
and consumptive use on irrigated land.

Consumptive use of surface water in the irrigated area is about
591,000 acre-feet a year (rounded amount; see p. 41). Recorded
live-water diversions at Boise Diversion Dam during the base period
were 1,280,000 acre-feet. The difference between the two amounts,
689,000 acre-feet, includes ungaged surface outflow, but may be con-
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sidered as potential ground-water recharge. With a full supply of
Live water (1,400,000 acre-feet; see p. 37) the volume of potential
ground-water recharge would be 809,000 acre-feet a year. This
amount apparently represents recharge that would occur if it were
not rejected, and that might be accepted in the future if aquifers
were dewatered by pumping. If the estimate is correct, potential
recharge from irrigation over the entire irrigated area during the
base period was 2.0 feet of water per year. With a full live-water
supply the amount would be 2.1 feet. According to this method of
computation the average potential recharge from Boise River water
in the 186,000 irrigated acres of the exchange area, during the base
period, was 2.0 times 186,000 or 372,000 acre-feet a year.

The New York Canal loses a few percent of live-water diversions,
according to records of the Boise Project Board of Control, but some
of the reported loss is believed to be surplus water at ditch ends.
The water actually lost by percolation out of the canal becomes
ground-water recharge, undoubtedly influencing the position of the
ground-water divide (pl. 5) which approximately follows the canal.
The division of the recharge water between the two sides of the
divide is here assumed to be on a 50-50 basis. If the total volume
of loss is 40,000 acre-feet, 20,000 acre-feet of water that was credited
above as potential recharge to the Boise Valley, is actual escape
recharge to the Mountain Home plateau. The residual potential
recharge in the Boise Valley exchange area then is 372,000 minus
20,000 or 352,000 acre-feet a year.

The computations confirm qualitatively a previous deduction from
the evidence of water-level fluctuations; namely, that in the irrigated
area recharge from irrigation substantially exceeds that from precipi-
tation. Therefore, irrigation recharge in the contributing area is
much more than 113,000 acre-feet, but undoubtedly is less than the
potential of 352,000 acre-feet. For later use in evaluation of the
alternate plan, the average potential recharge from irrigation within
the exchange area is assumed to be 320,000 acre-feet, or about 1.8
acre-feet per acre.

GROUND-WATER DEPLETION

The amount of ground water that already is being withdrawn, as
well as the Jocation and concentration of withdrawals, may limit the
feasibility of the alternate plan. The yearly gross withdrawal cur-
rently is about 150,000 acre-feet (rounded amount), of which 128,000
acre-feet is pumped for irrigation and drainage. Consumptive use
on the 33,000 acres of equivalent and actual area irrigated with
ground water (see p. 17) is about 66,000 acre-feet. Consumptive
use of ground water for purposes other than irrigation is assumed to
be 25 percent of the pumped amount, or about 5,500 acre-feet.
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Large tracts of land in the Boise Valley where the water table is at
shallow depth are occupied by distinctive groups of water-loving
plants. Some (the phreatophytes) characteristically send their roots
down to the water table or the capillary fringe. Others (hydro-
phytes) live where the water table is at the land surface or where
there is ponded water. The most prevalent water-loving speeies in
the Boise Valley are saltgrass, wire rush, threadleaf sedge, Nebraska
sedge, cottonwood, willow, cattail, and rushes. They have little or
no economic value. The estimated aggregate area occupied by water-
loving plants in the Boise Valley is 40,000 acres. The principal
tracts of phreatophytes are in a narrow belt, as much as 3 miles wide,
adjacent to the Boise River. Assuming that the average yearly con-
sumptive use is about 4 feet (a conservative figure), these plants
waste each year about 160,000 acre-feet of ground water, or more than
twice the amount of ground-water depletion by all beneficial uses.

Several hundred miles of open surface drains in the Boise Valley
discharge a large volume of surface and ground water in undetermined
proportions. The exact volume of discharged ground water is not
known but it far exceeds the amount withdrawn from wells. Dis-
regarding drain discharge, the identifiable volume of current ground-
water depletion is about 231,500 acre-feet (rounded to 232,000), an
amount approximately equal to the proposed minimum withdrawal
under the alternate plan.

Table 16 gives values which are believed to be reasonably approxi-
mate for the effective potentially usable water supply in the Boise
Valley. The table and the preceding text ignore water imported from
the Payette River to the 50,000-acre Black Canyon project, a large
part of which is within the Boise River basin. This imported water
and additional irrigated area materially affect the water situation in
the northwestern part of the valley and would have to be given full
consideration in comprehensive plans for water utilization. Irriga-
tion- on the Black Canyon project is directly related to drainsge
problems on the north side of the Boise River west of Middleton.
Analysis of the relation of the Black Canyon project to the water
situation in the Boise Valley is beyond the scope of this report.

According to the summary of estimates in table 16 the effective
potentially usable supply of surface water is about 2.5 million acre-feet
a year, compared to a live-water supply of 1.77 million. The ground-
water potential seemingly approaches 0.6 million acre-feet, from a
total perennial yield of nearly 1 million. The ratio of potential to
total is less for ground water than for surface water because recharge
and natural discharge of ground water are continuous whereas pump-
ing is not continuous and could not economically intercept the total
perennial yield. The ecomputed effective potential yearly water sup-
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ply from all sources is 3.0 million acre-feet, from a total perennial yield
of 2.7 million. These figures have no standing as proved fact, but are
merely crude estimates. The chief significance of the summation is
that the net potential water supply is very large; the gross supply of
ground water above Notus far exceeds the demand of the alternate
plan. \

TABLE 16.—Estimated effective total water supply of Botse Valley above Notus,
excluding area where ground waler is tributary to the Snake River

[Rounded quantities, in thousands of acre-feet a year]

Effective
Avagil- | Usable poten-
Source of water Total able (any tially
purpose) | usable
supply
Surface water:
Boise River ... 1,760 1, 760 1,760 12,501
Small tributaries of Boise River. oo 11 11 6 6
Total, SUrface Water- - - oo oo 1,771 1,771 1,766 2, 507
Ground water: ® Q)] ®
Underflow fromeasternupland . __..__.._________ ... 35 35 35 36
Underflow from northern highland__________________________ 86 50 20 30
Recharge from precipitation:
Contributinglowland _ . ________ . 153 76 75 100
Noncontributingarea._ . _ .. oo o 39 15 15 20
Recharge from irrigation:
Contributing lowlandarea_._____.______________________ 513 300 300 350
Noncontributing ares.. _ - .o 125 50 50 50
Total, ground water_ ... .o oo 951 525 495 585
Net total, all water. ..o 2,722 2, 296 2,261 3, 092

1 Effective potential in the Boise River (see text, p. 40) is 2,182,000. Effective potential in the valley was
computed as 1,800,000 (diversions plus rediversions), plus observed residusal flow (701,000 acre-feet) at
Notus (from table 6).

2 Amounts necessarily assumed arbitrarily.

LIMITATIONS TO THE ALTERNATE PLAN IMPOSED BY
THE ENVIRONMENT o

The feasibility of the alternate plan is limited by the environment,
especially the ground-water features. Success of the plan would de-
pend upon developing, at a definite time and place, a specified amount
of usable ground water that could replace an equivalent (but not neces-
sarily equal) amount of surface water originating at a remote place and
at a different time. Concurrently, the ground-water pumping would
have to accomplish satisfactory drainage of waterlogged land in spec-
ified areas.

Successful operation of the alternate plan would depend upon the
“safe’” perennial water yield of local and regional aquifers, the opti-
mum spacing of wells, the depth and construction characteristics of
wells, the pumping lifts, the local and regional effects of pumping on
the flow in canals and surface drains, and on water levels generally.
The economy of water management would depend upon the degree to
which economical pumping of water for irrigation could be coupled
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with effective drainage. Economical water production depends on
low pumping lift and small drawdown. Effective drainage may re-
quire heavy drawdown and hence greater pumping lift.

LIMITING GROUND-WATER CONDITIONS

The unconfined aquifers in the Boise Valley generally are recharged
readily and would be a principal source of water in the alternate plan.
Artesian aquifers also would be an important source of water because
some of the artesian zones are shallow, highly permeable, and contain
a substantial part of the total ground-water supply. Moreover, at
shallow depth artesian and unconfined waters are not sharply differ-
entiated and in part merge one into the other. Reduction in ground-
water storage by heavy pumping under the alternate plan would
convert some artesian to nonartesian aquifers.

The Boise Valley is divided on the map (pl. 5) into five ground-
water districts. The names applied to these districts are not related
to the somewhat similar names of irrigation and drainage districts.
The Nampa district is the most favorable for ground-water pumping,
and well records from the district are sufficiently good that the prob-
able average depth of wells under the alternate plan can be estimated.
Wells having an average depth of about 120 feet (twice the valley-
wide average estimated in the alternate plan) would produce 2 to
3 cfs of water with a drawdown of about 25 feet. For other districts,
records are less complete and the probable average depth of proposed
wells cannot be estimated. These generally less favorable districts
are compared to the Nampa district, which is taken as a roughly

standard area.
NAMPA DISTRICT

Wells in the Nampa district have the largest yields in the valley,
owing to the generally high permeability of the younger terrace gravel
and the alluvial tongue in the Indian Creek valley (see pl. 2), which
constitute the principal unconfined aquifer in the district. Copious
supplies of unconfined water are obtained in the southeastern part of
the district from basalt and cinders (Snake River basalt). Artesian
water also occurs in the basalt and sustains flowing wells in low areas,
where the basalt is confined beneath caliche, impermeable soil, or
impermeable beds at the base of the alluvium of Indian Creek. Uncon-
fined water occurs in Recent alluvium along the Boise River bottom
land, but there the deposit is too thin for wells to develop large yields.
Artesian water underlies the entire district in sandy beds of the
Idaho formation, such as those tapped by flowing wells at Nampa,
Caldwell, and elsewhere.” Both the unconfined and the artesian aqui-
fers would be competent sources of water for an intensive pumping
development.
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The average depth to unconfined water is between 10 and 15 feet
and the maximum is less than 50 feet. The average yield per well is
about 3 cfs with a drawdown of 25 feet, or 1 cfs for each 8 feet of draw-
down. The average well depth necessary to develop 2 to 3 cfs of
water is about 120 feet—that is, the well must be drilled about 100
feet below the water table.

Shallow artesian aquifers yield a few to several hundred gallons of
water a minute by natural flow. Deeper wells at some places have
large yields; some of them tap warm water.

A thin accumulation of alluvial and windblown clay and silt mantles
much of the district. Owing to the low permeability and high specific
retention of this material, canals constructed in it lose little water but
gravity drains are rather ineffective. Upward leakage of artesian
water through soil and caliche (hardpan) causes much of the water-
logging in the district; pumping that relieved artesian pressure would
alleviate this condition.

MERIDIAN DISTRICT

Wells in the Meridian district yield somewhat less water than those
in the Nampa district, owing to the lesser saturated thickness of the
younger terrace gravel, which thins eastward. Basalt is inconse-
quential as an aquifer because it is rare in the zone of saturation.
Locally, especially in the eastern part of the district, Recent alluvium
is highly permeable and an excellent aquifer. Artesian water occurs
at a wide range of depths in the Idaho formation, which underlies
the entire district. In wells on Eagle Island artesian aquifers were
penetrated at depths of 80 to 125, 155 to 205, and 230 to 412 feet.
In general the Idaho formation is more firmly cemented in the eastern
part of the Meridian district than in the western part, and the per-
meability in the east is correspondingly less.

The average depth to the unconfined water is between 10 and 15
feet and the maximum is less than 50 feet. Most good wells yield
about 2 cfs with 45 feet of drawdown, or 1 cfs for each 22 feet of
drawdown. The average well depth needed to produce 2 to 3 cfs of
water is at least 120 feet. Artesian wells yield as much as 1.5 cfs by
natural flow and 3 cfs by pumping. Larger yields could be obtained
by means of improved construction and development and larger
pumps. |

Drainage conditions are similar to those in the Nampa district,
but unlined canals tend to lose more water because the impermeable
soil mantle is thinner or absent, especially to the east. These condi-
tions, however, favor rapid recharge of ground water.
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WILDER DISTRICT

Too little information is available to permit estimation of the
average yield of wells in the Wilder district. The water-bearing:
formations are similar to those in the Meridian district but are some-
what less permeable owing to finer texture, and more variable because
beds of flood-plain clay and silt intertongue with the younger terrace
gravel and Recent alluvium. A larger percentage of poor wells is
expected in this district. The Idaho formation underlies the district,
but little is known about its local water-bearing properties. Appar-
ently it is finer in texture and less permeabie than in other districts.

A large amount of ground water is pumped for high lands above
the canal system near Lake Lowell, where the aquifer is the Idaho
formation. Irrigation pumping from basalt aquifers in the south-
eastern part of the district has not been attempted but may be feasible.

The depth to unconfined water is as much as 200 feet, but in the
western part of the district the average depth is less than 50 feet. The
average drawdown in wells for which data are available is about
30 feet per cubic foot per second of water. The average well depth
needed to produce 2 to 3 cfs of water is considerably more than 120 feet.

Natural soil drainage is poor in much of the district because fine-
grained flood-plain clay and silt are underlain by similar beds in the
Idaho formation. Gravity drains are weakly effective because of
high specific retention of water by the fine-grained sediments. Drain-
age wells would be ineffective in some parts of the district for the
same reason. Installation of drainage wells in this area would call
for intensive preliminary investigations. The district as a whole is
less favorable for drainage benefit and for ground-water recharge
than are the Nampa and Meridian districts, because a large per-
centage of the surface is covered by fine-grained sediments.

KUNA DISTRICT

Some wells in the Kuna district yield water more copiously than
do wells in other districts, but there are few wells because the great
depth to water discourages drilling and pumping. Some water is
pumped from the Idaho formation, where it underlies early terrace
gravel southeast of Liake Lowell, to irrigate several hundred acres of
high land. The average drawdown in existing wells is about 30 feet
per cubic foot per second of water. Flowing wells that penetrated
basalt south of Melba yield 0.5 to 13.3 cfs by free flow. Klsewhere in
the district basalt is mostly above the water table.

The depth to unconfined water ranges from 50 to more than 300
feet. Well depths averaging much more than 120 feet would be
necessary to obtain yields of 2 to 3 cfs.
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NORTH SIDE DISTRICT

The alternate plan excludes the area north of the Boise River, but
the features of ground-water occurrence in the North Side district
resemble those in the south. The same aquifers are present in both
and ground-water underflow off the northern highland must pass
through the north-side tract. There is not enough information to
permit subdividing the district hydrologically. Within the district
wells have almost the full range of characteristics noted in other
districts, except that no wells yield as copiously as those near Melba,
in the Kuna district.

Recent alluvium is similar to that on the south side. The Idaho
formation tends to be coarser and more permeable northward from
the Tiver toward the foothills. Artesian pressure in the beds of the
Idaho formation is low, because of their increased altitude and near-
ness to the outcrop area. Flowing wells are uncommon except locally,
chiefly near the Boise River, but a great deal of unconfined water is
pumped from sand and gravel in the Idaho formation near Parma
and Notus. Springs and seeps are common along the foot of a high
river terrace at the boundary between Recent alluvium and the
Idaho formation.

Wells of the Boise Water Corp. in Boise tap water in the Idaho
formation, mostly at depths of several hundred to a thousand feet.
Hot artesian water is yielded by wells 800 to 1,200 feet deep along the
foothills north of Boise.

WITHDRAWAL CAPACITY AND DRAINAGE EFFECT OF WELLS

The alternate plan presumes that 225,000 to 300,000 acre-feet of
water a year could be pumped from 450 wells within a limited water-
exchange area. The soundness of this presumption depends directly
on the capacity of wells to withdraw water efficiently from the ground
because that capacity determines the number of wells required, their
comstruction characteristics, their efficiency as combined water-
production and drainage facilities, the electric-power demand, and
other factors. Those factors, in turn, will affect both the initial and
the operating costs of the plan. The withdrawal capacity depends
both on the water-bearing characteristics of the aquifers and on the
efficiency of the well.

The alternate plan presumes further that the pumping would lower
the water table 4 feet or more beneath 225,000 acres of land—that
is, within an area substantially more extensive than the lands to be
served by the pumped ground water. Assuming that the area in-
fluenced by pumping will be 225,000 acres, that the yearly withdrawal
will be 225,000 to 300,000 acre-feet, and that the sediments to be
dewatered have an average specific yield of 25 percent, then pumpage
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during 1 year would equal the volume of water stored within a zone
of the valley sediments 4.0 to 5.3 feet thick. However, in part
because recharge is not considered, this fact does not justify a con-
clusion that, when pumping equilibrium has been reached in future
years, the water table will have been lowered 4.0 to 5.3 feet within the
area of influence—either uniformly or on the average.

In this context, specific yield is that volume percentage of water
that will drain from saturated sediments by gravity; in other words,
it is essentially equal to the coefficient of storage, or the volume
percentage that can be drawn from an unconfined aquifer by pumping
from wells. . Specific yield varies widely among the heterogeneous
sediments of the Boise Valley. The well-sorted coarse sediments
yield their water readily, almost completely, and in a large percentage
volume. The fine sediments yield water only slowly, incompletely,
and in a smaller percentage volume. Clay and clayey silt, which are
widespread in the waterlogged areas of the valley, yield little or no
water. Thus, pumping a given amount of water from a fine sediment
may lower the water table several times farther than pumping the
same amount of water from a coarse sediment. However, in fine-
grained sediment such lowering of the water table may not dewater
the soil sufficiently to eliminate waterlogging. In a sediment having
a given uniform texture, lowering of the water table diminishes with
increasing distance from each pumped well. All these variations
mean that the degree of drainage benefit under the alternate plan
would vary greatly from place to place in the valley.

AQUIFER CHARACTERISTICS

Fourteen aquifier tests were made by pumping at key locations in
the valley. For that purpose, 2 production-test wells and 8 observa-
tion wells were drilled, and existing irrigation and drainage wells were
used where feasible. The resulting data on hydraulic characteristics
of the aquifers are given in table 17; computed values of probable
drawdown of the water table after several intervals of pumping and
at several distances from the wells are given in table 18; and the aqui-
fer characteristics are summarized in table 19. For the drawdown
estimates in table 18, it is necessary to assume homogeneous aquifers
extending through large areas, which do not exist in the Boise Valley.
The estimates also do not allow for the offsetting rise of the water table
caused by recharge during irrigation. Actual lowering of water levels
will differ from, but probably will not substantially exceed, the com-
puted lowering. x .
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The coefficients of transmissibility and storage (table 17) were
determined in accordance with Jacob’s approximation (1947) of the
nonequilibrium method (Theis, 1935). The coeflicients of transmis-
sibility for all aquifers tested range from 36,800 to 1,700,000;;that is,
from moderate to uncommonly large coefficients. The observed co-
efficients of storage of artesian aquifers are of ordinary magnitude,
ranging from 0.00007 to 0.001. The observed coefficients of Istorage
(essentially, the specific yields) of nonartesian aquifers range from
0.001 to 0.43—that is, from small to unusually large. The values in
table 17 are approximate for the aquifers tested, within small areas;
although useful as guides to estimate effects of pumping, as in table 18,
they should not be applied blanketwise to large areas.

TABLE 17— Approximate hydraulic coefficients of some aquifers in the Boise Valley

[From drawdown and recovery curves based on pumping-test data] i

Average
WellN a Pump- ooeﬁic%;esnt Aveizi?ge A\{erage
e B ing of trans- effi- ) per-
loeat?on' Owner Date of test rates | missibil-. c‘i}gnt off Jf?l@egb%?%y
(gpm) ity storage | (gpd/it?)
(gpd/ft)
North side district
SN—4W-28cel_... Oaﬁ_ly,(ln County Drainage Dist. | June1953____| 1,030 | 324,000 0.025 | oo
0.4. '
Nampa district
4N-3W-25dal1____| Pioneer Irrigation Dist........._. Oct.1953_...| 1,550 | 208,000 | 0.004 5,000
3N-3W-3bb1_____j..._. QO ees Nov.1953___ 2,110 | 960,600 | - 23 23,000
a1 | ____ do. oL Oct. 1953 .| 2,175 |1,200,000 | .006 25, 000
3N-2W-8ecl.._...]._... s L S S [ I— 1,480 | 136,000 { .0006 ... ______.
9dd4._...] Amalgamated SugarCo_._______ Feb. 1953 ___| 1,830 { 276,000 | .0001 . 5, 900
SN-1W-7bbl._____ Pioneer Irrigation Dist.. .. .._.. Nov.1953.__| 1,060 | 165000 [ .003 3, 700
oN-1W-7bod____ U. 8. Bur. Reclamation_________ Sept.1953___| 2, 900 1,700,000 | .004 18, 000
Meridian district
4N-1W-18dcl-. .| StateFishHatchery___ . . __|-_cooaco_ o .. 1480 | 154,000 | ... 1300
13d Mar.1951.._ 660 120,000 | 0.001 660
3N-1E-53b1. . Nov.1953...| 2125 37,000 | .001 900
Do N _ oI, do.______ 5600 | 188,000 [ .006 2, 400
J6a Sept. 1953 .. 980 | 270,000 ; .00007 1, 500
3N-2E-25bbl Nov.1953__ | 1,380 130,000 | 443 2, 500

1 Data are averages of three separate tests in July and November 1950 and Mareh 1951.

2 Well taps only artesian water in sand aquifer in lower part of well; well screen in aquifer.

3 Well taps artesian aquifer near bottom and unconfined water at shallow depth.

4 Apparent high coefficient of storage caused partly by induced recharge from nearby unlined canal.
True coefficient of storage probably about 0.30 or 0.35.



Tasre 18.—Estimated drawdown of water table or artesion-pressugle surface at given times and distances from pumped wells in
Boise Valley

[Computed from test datal )

Estimated drawdown (feet) after pumping

After 30 days After 60 days After 120 days After 180 days
Well No. and Owner ing
location rate Radial distance from Radial distance from Radial distance from Radial distance from
(gpm) well well well well
’ 500 1t | 1,320 £t 12,640 ft; 5001t | 1,320 €t |2,640ft | 5001t |1,320ft | 2,640 ft | 500ft | 1,320 ft | 2,640 ft
(i mb | (3¢ mi) (34 mi) | (4 mi) (4 mi)| (3¢ mi) (4 mi) | (35 mi)
North side district
SN-4W-28ccl Canyon County Drainage Dist, No.4...] 1,030 2.2 1.6 1.0 2.5 1.8 1.3 2.7 2.0 1.5 2.8 2.1 1.6
Nampa district
4N-3W-25dal Pioneer Irrigation Dist_ ... ______.____. 1, 550 6.3 4.7 3.5 6.9 5.2 4.1 7.5 5.8 4.6 7.8 6.1 5.0
3N-3W-3bbl  |____. Lo TS 2,110 1.2 .8 .4 1.3 .9 .6 1.6 1.1 .8 1.7 1.2 .9
11dal .- s ¥ T PN 2,175 1.8 1.4 1.1 2.0 1.6 1.3 2.1 1.7 1.4 2.2 1.8 1.5
3N-2W-8cel  |.._.- L [ TSI 1,480 11.2 8.7 7.0 12,0 9.6 7.8 12.8 10,4 8.7 13.2 10.9 9.0
9dd4 Amglgamated Sugar Co.. ... ________._ 1, 830 8.5 7.0 6.0 8.7 7.6 6.5 9.5 8.1 7.0 9.8 8.3 7.3
SN-1W-7bbl Pioneer Irrigation Dist.__ . .. 1,000 5.6 4.1 3.2 6.1 4.6 3.6 6.5 5.2 4.2 6.8 5.4 4.4
2N-1W-7bc4d U. 8. Bur Reclamation (Ellis tarm).__.. 2, 900 1.8 1.4 1.2 2.0 L7 1.3 2.1 1.8 1.5 2.2 1.8 1.5
Meridian district
AN-1W-13dc2 Idaho Dept. of Fishand Game._________ 460 5.3 4.0 3.2 5.7 4.5 3.6 6.1 4.9 4.0 6.4 5.1 4.3
SN-1E-5abl U. 8. Bur. Reclamation. ____. ... _____ 1125 2.8 2.0 1.5 3.1 2.3 1.8 3.3 2.6 2.0 3.5 2.7 2.2
2 600 2.6 2.0 1.3 2.8 2.1 L6 8.1 2.4 1.8 3.2 2.52 2.0
36ad2 M. S, AYTeS oo 980 4.9 4.1 3.5 5.1 4.2 3.7 5.4 4.5 4.0 5.6 4.8 4.2
3N-2E-25bbl Ada County Drain Dist. No. 8- ..o 1,380 2.9 .9 .1 3.8 1.5 .4 4.5 2.2 .9 5.0 2.6 1.2

1 Well tapped artesian water in sand, through well screen; unconfined water at shallow depth cased out.
2 Well tapped artesian water near bottom and unconfined water at shallow depth.

OHEVAI ‘LOHrodd @WOH NIVINAOW ‘NVId TIVNYILIV §HL 9C
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TaBLE 19.—Aquifer characteristics in typical areas

Ustick-Meridian— Eagle Island
Pioneer Well 3N-1E-5ab12
Irriga- Ellis
Aquifer characteristics and well data tion farm
Distriet? First Second Well ‘Well
test test 4N-1W- [ AN-1W-
13del 13de2
Pumping rate. coocmcccmecmccees gpm.__ 1,675 2,900 125 600 3480 3660
Durationof test.. . ... hrs. |-.._.._. 28 45 ¢ 2N O JR
Specific capacity of well __.__..._. epm/ft._. 80 150 3 19 27.6 33
Coefficient of transmissibility___._ gpd/ft_.} 506,000 |1, 700, 000 34,000 | 170,000 53, 900 120, 000
Coefficient of storage. .. . oo .048 . 0044 . 00095 L0054 jocee .o . 00098
Coefficient of permeability._._..__ gpd/ft3__| 14,000 17, 500 850 2,180 297 660
Drawdown:
In pumped well at end of test_ . _feet.. 23.8 20 40 (O] 17 20
In observation well (computed)
500 feet distant:
After 30 days of pumping
feat . 5.45 1.8 2.8 2.6 | eaae 5.3
After 180 days of pumping
feet__ 6. 62 2.2 3.5 | 2 2 6.4
2,640 foet distant:
After 30 days of pumping
feet._ 3.10 1.2 1.5 L3 |ceeomaeee 3.2
After 180 days of pumping
feet__ 4,30 1.5 2.2 2.0 [cccmcee 4.3

t Average from five pumping tests.

2 Artesian aquifer alone was pumped during first test. The casing was perforated in the unconfined-water
zone for the second test, and pumping was from both aquifers.

8 Natural fiow of well,

¢ Not measured, owing to failure of equipment,

When an expanding cone of depression around a pumped well
reaches a hydraulic boundary, such as an impermeable bed (left side
of figure 12), drawdown in the well increases and the cone of depres-
sion lowers more than it would if the boundary did not exist. The
effect is similar to that of interference between wells (fig. 13). Con-
versely, if the cone of depression reaches a more permeable zone, or
intercepts a source of water such as & stream or unlined canal (right
side of figure 12), drawdown in the pumped well is less and the cone
of depression lowers less than if the boundary did not exist. All these
conditions, and many variations of them, would be encountered dur-
ing pumping under the alternate plan, and would affect the efficiency
of both water production and drainage by pumping.

PERFORMANCE OF WELLS

Suitably constructed wells withdraw water in amounts near the
capacity of aquifers to transmit and yield water, but improperly con-
structed wells produce less than the capacity of the aquifer. Hence
the specific capacity of a well—that is, its yield in proportion to draw-
down—represents the combined effects of aquifer and well character-
istics. Poor wells do not necessarily indicate poor aquifers. The
specific capacities of wells in the Boise Valley (table 20) range widely
(from 8 to 450 gpm per foot of drawdown), owing to the diversity of
aquifer characteristics and variations in well construction. General-
ization of this information and other data indicates that wells in the

386771L-—bT——b
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Figure 12,—Schematic sectional diagram illustrating the influenee of impervious and recharge boundaries
on the eone of depression around a pumped well.
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F1GURE 13.—Schematic sectional diagram illustrating the effects of interfering cones of depression around
two pumped wells.

several ground-water districts would perform about as shown in table
21 if the aquifer were capable of supplying the water, and if well
construction and development were suitable.
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TaBLE 20.—Specific capacity of wells in the Boise Valley, in gallons a minute per

[Computed from reported drawdown. Duration of pum

foot of drawdown

longer than 24 hours]

ing not known. for most wells, but was generally

Specifie
Weig th. and Owner Date of measurement | capacity
cation (gpm/tt)
North-side district
5N-5W-9cel_....| Cityof Parma______________ . ___._ 1946 e 20
1lacl.._| Boise Project Board of Control _________.__._._. July 1931 ... 50
Madl_ . |- QO e e [ 1 TS 20
5N-4W-15¢el...-{-____ L o U R Ao - 27
2laal _ | .. ._ Ao e e do .. 30
24dbl___}_____ A0 e e A0 19
27bdl ... 2P SO (o 1 30
28aal . fooaae doooee RS R (G U, 27
28ccl. .. .. L SV S (o 1+ S 41
Do. = e QO June 1953 ___._____.______ 45
20bal___|_____ QO e July 1931 ____ ... 29
30bal . .f..__. [ SRR SV 6 L T, 35
36cbl. |- _-._ L o U FEYOU A0 35
S3N-2E-2bbl._...| J. R. Simplot - o oo oo June 1947 . . ... 18
10abl.._.| Mountain States Telephone & Telegraph Co_.._| 1950 . ... _________. 13
10bbl. .1 Boise Water Corp.__ | iiioeo 9
18bel___|_____ Q0 e January 1950 .. _____._. 17
1aal_.__|_.___ A0 et e et | e 12
l4aa2_ . ... __ A0 | ——————— e 10
14adt. ... |._... QO e e e | m e ————————— 450
Wilder district

4N-4W-22dd1...| Pioneer Irrigation Distriet. .. ... July 1987 o 28+
25bd2.. - QO | 1988 .. 35
26ad1.__|-____ A0 July 1937 . 30
AN-3W-6ebl___.| G. W, Browning__ . f I 37
8de2.__.| E. M. Carter__ .. _e__ July1949_ . _____________ 39
27aal.. | K. W, Baker.._ ... .. (2 SN 65
30ddl...| Lester F. Walker_. ... ___.__________________ 1950 .. 27
38dal___| J.R. Babeock ... ... 1952 s 16
2N-8W-9cbl_ | Q. C. N DD e oo e e e 29

Nampa district

4N-3W-22ccl._.| Cityof Caldwell.. ... ... _______..___. November 1950_.____.... 26
25dal. .| Pioneer Irrigation District. . . . __.__..__ October 1953 . _________ 50
4N-2W-26cal ___|____. do. e July 1937 __ .. 48
27bal._.| .___ [ o U SRR (R do. .. 32
27del -|-oon A0 e e o e July 1939______________. 12
33abl.._|-_-._ O | e A0 32
3dedl ... & o Aungust 1939 __________. 41
35edl___|_____ do. e July 193t __ .. . 58
36adl._.).._._ QO el August 1939_____________ 39
36acl .| T July 1939 __ . __.____ 53
36ecal-.. -__‘__do ___________________________________________ August 1939, oL 26
AN-1W-30ed1.__j____.do e doo 21
IN-3W-2¢d3...-| Lloyd Peterson. - oo 108 60
3bbl...| Pioneer Irrigation Distrlet_ .. . o ooo.__ November 1963 . 131
aal._.{J, G.Burback__ . |98 . 85
adl .| D.J. Herdt________ August 1953_. .. __.__ 3
1idal._.| Pioneer In'igation Distriet - - oo October 1953. . _____.____ 100
1db2.. L, Walker. . e __ 1048 . 125
3N-2W-1dbl__..| Pioneer Imgatlon Distrlet . oo oo July 1931 ... .. ____ 41
2ebl oo __ Ao el Ao . 58
4cbl___. -__;_do ___________________________________________ July 1939 _________._____ 42
27T WA SRS ¢ (o Y October 1953 .- . ... 39
9dd3-... Amalgamated Sugar Co.o oo February 1953 __________ 52
9dd4 .. ). Ao e 3 T 30
10acl. .. P:oneer Trrigation Distriet. .- ... ... August1939_..._________ 58
Tledl__j-_.__ [ July 1939 ... 45
1ed2 .. ... QO e e July 193 _____ .. 66
B T 3 O SR « s TR August 1939 . ____. 185
15del | ... __ Ao i mmmccacaoa July 1939 . _.________ 687
19881 - e e Q0 et July 1981, et 52
P L R i T A4 13 18
21ba2...| Rioneer Irrlgation Distrlet. . __________. July 1931 .. . 63
21ba3_..| John May._ .. e 3 (/T 18
21bbl...| Pioneer Irrigatxon Distriet . v oo oo J uly 1989 .. __ 86
22bbi__.} City of Nampa._ ..o e 14T s 90
3N-1W-Tbbl_.__| Ploneer Imgatlon Distriet- oo ool October 1958 .. 52
29dd1...{ Freeman CoxX. ... .. ___..| 1048 . o 33
2N-1W-7bed....| U. 8. Bur. of Reelamation_____ ... ._____...____ September 1958 e 150
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TaBLE 20.—S8pecific capacity of wells in the Boise Valley, in gallons a minute per
Soot of drawdown—Continued

. Specefic
w'igcg‘.?é;‘nd Owner Date of measurement capacity
(gpm/ft)

Meridian district
4N-1E-27Ad1...{ Charles Silliman. . ____ .. | 1958 e 1
3N-1E-3abl..__{ U. 8. Bur. of Reclamation_._____________________ N ovember 1958 ______ 19
3N-2E-8aal..._| Boise Water Corp-.oo- oo remcnaaan February 1947 coeee_.o 8
gbdl___|_____ do. . May 1951 o 18
15bbl_ | ... do ___________________________________________ November 1047.__.______ 25
16bbl. | QO e e 73
25bbl._. Ada Co Drainage Dist. No. 3. oo .. November 1953_____.___. 50

Kuna district

3N-1E-36ad2...] M. S, A¥res .. eemm———— September 1053.._. .- 66

TaBLe 21.—Estimated potential yield from pumped wells in the Boise Valley

Potential yield (efs) with specified Average potential
drawdown vield 8
Average | Approz- (acre-feet/year)
specifie imate
Ground-water district1| capacity area
(gpm/ft) | (sq mi) | 30-foot drawdown | 50-foot drawdown | 30-foot 50-foot
draw- draw-
down down
Min | Av | Max | Min| Av | Max
23 103 0.5 1.5 4.9 0.9 2.6 8.1 47,000 79, 000
58 1201 0.8 3.9 10.0 1.3+ 67167 138, 060 230, 000
33 130 1.0 2.2 4.3 1.8 3.7 7.3 85,000 142,000
40 92 0.7 2.7 4.7 1.1 4.5 7.8 73000 121, 000
Total .. | 445 | i e e 343, 000 572, 000

1 Districts correspond to those outlined on the map, plate 2

2 The ““average potential yield” from the districtsis a theoretic quantity Whlch is based entirvely on aquifer
characteristics, assnming one well per square mile and a well- % mping season of about 5 months each year,
tl‘iceehaulge to the districts may or may not be sufficient that these potential yields could be obtained con-

nuously.

The average performance of wells under the alternate plan probably
would be somewhat better than that of existing wells in the Boise
Valley, because many of the existing wells are of substandard design or
were not fully developed. For example, most aquifers in the Boise
Valley are poorly sorted sediments and for efficient water production
they require well screens or gravel packing, or both. Few existing
wells contain screens, and artificial gravel packing is uncommon. For
natural gravel-packing the slot sizes in well screens ordinarily should
pass about 75 percent of the grain sizes comprising the sediments
adjacent to the screen. About the smallest slot size that can be used
in the Boise Valley, however, is 0.03 inch; otherwise small mica flakes,
which are abundant in most of the sediments, tend to pack around the
screens and obstruct movement of water into the well. Accordingly,
it is especially difficult adequately to screen and develop the finer
grained sediments.
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Wells in silt and sand in the Boise Valley commonly require 50 to
60 hours of development; longer periods are necessary under some con-
ditions. Very little development is required for wells constructed in
the coarse sediments. Improved well construction and development
would increase somewhat the unit construction cost of the alternate
plan but probably would not increase the total cost because fewer
units would be needed.

GROUND-WATER MOVEMENT

The source, route, and destination of ground water determine its
availability. Water is not available if it moves only through or to
areas where it cannot be practicably recovered. Some waterlogged
areas cannot be reclaimed by relief drainage but can be helped by
interception drainage—that is, by intercepting excess water before it
reaches the area of concern. Thus the regional and local movements
of ground water are intimately involved in the practicality of the
alternate plan. The general directions of ground-water flow in the
Boise Valley can be inferred from the water-table contour map (pl. 5).
Movement is down-gradient at right angles to the contours. In local
detail the form of the water table and the direction of ground-water
movement doubtless are somewhat complicated. Such complications
can neither be shown at the scale of plate 5 nor be resolved from
available data.

A well-defined ground-water divide approximately follows the New
York Canal near the southern margin of the irrigated area. North of
Melba the divide leaves the canal and, passing about 2 miles north of
Bowmont, extends northwestward near the south side of Lake Lowell
The significance of this divide in the water budget of the valley has
been shown (p. 47); briefly, about 20,000 acre-feet of ground-water
recharge from the New York Canal escapes to the Mountain Home
plateau south of the divide. Changes in the water regimen of the
valley, especially by pumping adjacent to the canal as proposed in
the alternate plan, might cause the divide to shift.

In a considerable area south of Lake Lowell the surface drainage is
to the Boise River but the ground-water drainage is to the Snake.
Thus, although ground-water recharge from all sources in that area
probably is several hundred thousand acre-feet a year, it does not
contribute to the supply in the Boise Valley.

North of the ground-water divide and south of the Boise River the
general direction of ground-water movement is northwestward, Thus
most ground water that originates south of the river and east of Cald-
well moves northwestward through the exchange area. Very little of
it passes through the Wilder ground-water district.
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DEPTH TO WATER AND WATER-LEVEL CHANGES

The cost and depth of wells under the alternate plan would be
determined by the depth to water and by aquifer characteristics
(p. 54). The depth to water also would determine the amount of
lowering necessary to effect drainage. The seasonal and yearly range
and rate of water-level changes would determine the time when
drainage pumping is necessary. Such tim e, if not simultaneous with
the need for exchange water, would be a critical feature in the opera-
tion of the alternate plan.

The depth to water throughout the Boise Valley in 1953 is shown
by plate 4. Like plate 5, the depth-to-water map is only approximate
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Fi1guRrE 14.—Hydrographs of wells 2N-3W-9bal and 2N-1W-4dd1 for the period 1915-53, showing long-term
net rise of water table.
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FiGURE 15.—Hydrograph of well iN-2E-31ccl for the period 1914-52, showing seasonal and other fluctuations
and long-term net rise of water table.

because the maps were drawn on the basis of sparse data, and because
the water table is changing constantly in form and position.

The maps showing the depth to water in 1914 and 1953 (pls. 6 and
4) suggest the large and widespread changes and trends in water
levels during 40 years of irrigation. In much of the valley the trend
has been upward for many years (figs. 3, 4, 14, and 15). Comparison
of well hydrographs with precipitation graphs shows that the trend
in water levels is not closely related to climatic changes (fig. 16), but
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the relation to irrigation is obvious. An extreme example of the
influence of irrigation practice is in the vicinity of Lake Lowell, where
the water table rose 140 feet from 1912 to 1921 (fig. 3, well AN—4W-
34bcl). These water-level fluctuations and trends indicate changes
in the amount of water in storage; hence, permanent storage has been
increasing for many years. The graphs and maps illustrate also the
continued seriousness of the drainage problem which the alternate
plan proposes to solve.

The observed yearly range of fluctuation of the water table at
many places in the valley is about 5 to 8 feet (figs. 16 and 17). Water-
level fluctuations caused by current pumping can be interpreted to
suggest the long-term effects of the more extensive and more intensive
pumping under the alternate plan (table 18,), including interference
when the cones of well influence overlap (fig. 13). These effects bear
directly on the practicable location, arrangement, and spacing of
wells under the plan. Interference causes reduced yield with given
drawdown, or more drawdown and greater pumping lift at given rates
of pumping. Minimum drawdown is desired during pumping to
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F1GURE 17.—Seasonal water-level fluctuations in wells 2N-2W-13bal and 1N-2W-4bel.



~we

LIMITATIONS IMPOSED 'BY ENVIRONMENT 65

obtain usable water, but maximum drawdown may be necessary for
effective drainage. At most placesiin the Boise Valley, a combination
irrigation-and-drainage well cannot achieve maximum efficiency for
both purposes, and may not achieve it for either. A critical concern
in the alternate plan is whether reasonable efficiency can be achieved.

EXAMPLES FROM TYPICAL AREAS

Drainage problems in various degrees of seriousness and complexity
exist in practically all irrigation districts in the Boise Valley. An
essential feature of the alternate plan is its proposal to rectify this
condition for 225,000 acres of land by changing the water-supply
pattern. The field tests of the drainage and water-production ef-
ficiency of wells (table 19) were made in part to throw light on the
problem involved.

PIONEER IRRIGATION DISTRICT

Early study of the performance of wells in the Pioneer Irrigation
District by Kulp, 1931-41, seemed to indicate that in much of the
district pumping held the water-table at a level about 4 to 10 feet
lower than that to which it would have risen otherwise. Five of the
wells in the district were among those tested in 1953 after the pumping
season; the derived data are shown in table 19. The computed effects
of pumping (table 18) do not indicate the combined effects of pumping
All 5 wells simultaneously, nor do they show the combined effects
of pumping the entire battery of about 30 wells. Obviously, however,
the tests confirm that geologic conditions in the area are suitable
for drainage by pumping. Individual wells have substantial influence
at distances of more than half a mile, and sustained pumping gives
sustained benefits.

In the Pioneer Irrigation District the chief aquifer is sand and
gravel interbedded with clay. The wells are 66 to 232 feet deep and
average 132 feet. Most wells tap more than one aquifer; some are
artesian, but the principal yield probably is from unconfined water
at relatively shallow depth. The depth to water in the wells is 3 to
23 feet at the beginning of the pumping season and about 27 feet
at the close. The average depth to water in the district as a whole
was about 10 feet in the summer of 1953.

ELLIS FARM

The Harry Ellis farm is in sec. 7, T. 2 N., R. 1 W,, in the Nampa-
Meridian Irrigation District. Waterlogging on the farm is caused
by upward leakage and capillary rise of artesian water through con-
fining layers, and the average piezometric, or artesian-pressure, surface
apparently is about 1 foot below the land surface during the irrigation
season. Generally similar conditions are common in the Boise Valley.
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A block diagram (fig. 18) shows generalized subsurface conditions
from the vicinity of the Ellis farm northward toward Nampa. Ground
water is confined in basalt and gravel beneath hydraulically tight thin
soil and caliche. Recharge to the aquifer possibly occurs locally, south
and east of the Ellis farm. The western part of the Ellis farm is
crossed by a shallow topographic trough in which waterlogging is
chronie during the irrigation season. An open drain, 4 to 5 feet deep
along the axis of the trough, does not dewater the soil effectively be-
cause the surface materials are fine-grained and the drain does not
relieve the artesian pressure that causes the waterlogging. Six
wells, 33 to 42 feet deep, were drilled in the floor of the drain in 1951
and 1952, with discharge openings 3 to 4 feet below the level of the
adjacent land surface. The wells jointly yield several hundred gal-
lons of water a minute by artesian flow. Waterlogging in adjacent
land was materially relieved by these wells but was not eliminated.

A production-test well 103 feet deep, and two observation wells
107 and 103 feet deep, respectively, were drilled in this district in
sec. 7, T.2N., R. 1 W. Several adverse factors reduced the accuracy
of the results from subsequent tests: The wells tap water in both
gravel and basalt, materials having widely differing hydraulic charac-
teristics; the Ridenbaugh canal and an open drain ditch, both con-
taining a large amount of water during the test, are near the pumped
well; flowing artesian wells in the vicinity were allowed to flow freely
during the tests, because experimental antecedent shut-in of one well
for 3 days caused prompt waterlogging in nearby fields. Canal, drain,
and flowing wells affected water levels during the tests and the effects
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FI1GURE 18,—Block diagram showing generalized subsurface conditions from the Ellis farm northward,



LIMITATIONS IMPOSED BY ENVIRONMENT 67

could neither be eliminated nor be adequately estimated. Therefore

the calculated coefficients (table 19) are unreal. Nevertheless, the

effects of pumping that were computed from these coefficients are-
essentially the effects that could be anticipated in this area from pump- -
ing drainage wells (table 18).

During the test pumping the amount of water discharged by the
nearby open drain dropped from 12.3 to 10.6 cfs after 4% hours, and
to 10.2 cfs after 22 hours. The rate of discharge from individual
artesian wells ranged from 186 to 317 gpm at the beginning of the test,
but diminished until it was 146 to 238 gpm at the end of the test.
Relief drainage by pumping wells under conditions like those at the
Ellis farm is feasible. The pumping lift would be low and the wells
would have high specific capacities. Beyond the relief-drainage effect,
a substantial amount of usable water can be obtained. In the test
here cited the diminution of flow in the open drain and from flowing
artesian wells was about 35 percent of the pumped-well discharge.

USTICK-MERIDIAN AREA

Between Meridian and Ustick, on Ustick road, is a waterlogged
area on the Whitney terrace. To a depth of about 35 feet the water-
logged earth is clay, sand, and gravel; below are partly cemented silt
and sand. The average depth to the regional water table is less than
10 feet. Temporary perched ground water causes saturation to the
land surface each year during the irrigation season.

Test well 3N-1E—-5ab1, 123 feet deep, was drilled through an upper
water-bearing zone and an underlying nonpermeable zone, and bot-
tomed in silt and sand containing water that rose to about 10 feet
below the land surface. Casing was set to a depth of 81 feet to shut
out the upper water, and a 25-slot screen (slots 0.025 inch wide) was
installed in the lower aquifer. A first test under these conditions was
not promising so the casing was perforated to allow entry of the
upper unconfined water from sand and gravel. Results of the two
tests are shown in tables 18 and 19. A later and third test confirmed
the second test.

The computed drawdown at distance from the pumped well is
somewhat less for the second test, despite the greater pumping rate,
because during the second test: drawdown in the pumped well was
about 10 feet less than during the first test, back pressure against the
“artesian’’ water by the water column in the well was correspondingly
more, therefore the amount of water yielded by the ‘“artesian’ aquifer
was less, and the two observation wells registered only the effects in
the “artesian’’ aquifer. Obviously the hydraulic coefficients computed
from the second test (table 19) are unreal, being correct for neither
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the lower nor the upper aquifer. They are included here to show-
that computations, even though based on measurements during a
pumping test, can be entirely misleading if informsation -about the
subsurface geology and sources of water is lacking. During this test
observations were made also in a nearby shallow domestic well that
taps only the upper shallow aquifer. Pumping had no observable
effect on that well.

Conditions at the Ustick road site illustrate other facts and con-
ditions that are highly pertinent to .drainage problems. Here, the
water of the lower aquifer is believed to be artesian only in a loose
sense of the word; when discovered by the drill it rose in the well,
but only to about the level of the regional water table. The tight
sediments between the upper and lower aquifers appear to be no more
than a local separating layer, rather than an extensive confining bed.
Casing seated in the separating layer probably excluded the shallow
water from the well only during the early stage of the tests.

Separating layers such as that found in this well are common in
alluvial sediments; ordinarily they are lenticular and feather out at
varying lateral distances. Pumping from an underlying aquifer
probably would not have a discernible effect on the water table until
the cone of influence reached beyond the separating layer, and there
would be no dewatering until that event occurred. During the
pumping tests here summarized the behavior of water levels con-
sistently indicated that a hydraulic-recharge boundary was reached,
at an apparent distance of about 500 feet to the west, and that the
cone of influence may have reached an edge of the separating layer in
that direction. The tests apparently did not dewater enough of the
aquifer to be noticeable at the domestic well, 1,300 feet distant.
Later the test well was pumped for about 3 weeks, but, even so,
effect 'in the domestic well was not detectable.

Pumped wells in the Ustick-Meridian area, where the geologic
conditions resemble those at the test site, would provide some drainage
benefit. Pumping artesian aquifers would lower pressure and reduce
upward leakage through imperfect confining beds. Pumping uncon-
fined water might dewater appreciable amounts of saturated materials,
but wells would be less effective and less productive than in areas like
the Pioneer Irrigation District and the Ellis farm. Moreover, well
construction and development would be more costly. The cost of
pumping, per unit of water produced, would be relatively high because
of the relatively lower specific capacities of wells.

In much of the Ustick-Meridian area very shallow ground water is
perched intermittently on silt, clay, and caliche. Recharge seems to
be largely or entirely by local infiltration of irrigation water. The
perched water table or its capillary fringe are at or near the land



. LIMTTATIONS IMPOSED BY ENVIRONMENT ‘60

surface and much of the land is suitable only for pasture.:Open
surface drains in these areas are unsatisfactory because the saturated
material is very fine grained and has a low specific yield. Wells like
the one tested would not withdraw the perched water. Wells that
penetrated only the thin perched zones of saturation would be ineffec-
tive because those zones are low in permeability and can not afford
adequate entrance area at a well screen. - '

Undeér conditions like those in the Ustick-Meridian area it would
be difficult to drain the land and the water production would "be
relatively inefficient. Pumping from the principal aquifers, either
unconfined or artesian, would alleviate waterlogging somewhat, except
where there is perched ground water. The principal hope for such
areas is general relief by ground-water pumping, plus extremely
prudent use of irrigation water to minimize recharge to perched
aquifers.

EAGLE ISLAND

‘Eagle Island covers about 5 square miles in the Boise River about
half a mile south of Eagle in the east-central part of T. 4N., R. 1 W.
(pl. 2). Tests of wells on the island clearly show the characteristics
of artesian aquifers in the Idaho formation at depths down to & few
hundred feet. About 50 flowing artesian wells provide water for stock
and domestic use, irrigation, and a trout hatchery of the Idaho
Department of Fish and Game. Most of the larger wells produce for
irrigation, but the largest two produce for the fish hatchery. The
discharge rates of domestic and irrigation wells range from 2 to 280
gpm and_average less than 100 gpm. The estimated aggregate
vield of seven wells at the hatchery in 1951 was about 2,000 gpni, or
about 20 percent of the total ground-water withdrawals on the island.

The chief artesian aquifers developed on Eagle Island are beds of
sand and gravel between confining layers of clay and silt. At the
hatchery such aquifers occur at depth intervals of about 80 to 125,
155 to 205, and 230 to 412 feet. Most wells tap the middle aquiferj
The shut-in pressure ranges from 3 to 27 feet above the land surfacg,
being least in the uppermost aquifer and progressively greatex;alax)l
deeper aquifers. o ‘ dt ai

Most of the wells have open-end casing, and silting of the alzﬂmr
part of the casing has caused the yield of many wells to ngaQ.C Big%
steadily. _

The advantage of proper construction and development is 'iﬁ%%a%%;%ggvé
by two wells (4N-1W-13dcl and —dc2) that were drﬂlaégeg}% agi‘ﬁ
hatchery in 1950 and 1951. These wells are 375 and 41 f%eﬂth(fl%e
respectively. During drilling the upper aquifer yielded p. gpm
artesian flow and the middle aquifer yielded about 0" spar: ¢
upper aquifer was cased out of both wells; one finished we I{éaﬂ:)ﬁ e
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middle and lower aquifers and the other taps only the lower. Each
'well was finished with an 8-inch screen and a natural gravel pack was
formed by development.

During the development work the aggregate natural ﬂow of the
two wells increased from 792 to 1,140 gpm, exceeding the combined
flow of the five older open-end Wells at the hatchery. The two de-
veloped wells were test pumped at rates up to 1,500 gpm. The
hydraulic coefficients are shown in table 19, and the calculated time-
distance drawdowns are shown in table 18.

SUITABILITY OF THE WATER FOR IRRIGATION
GENERAL CHEMICAL FEATURES AND TEMPERATURE

The water-exchange proposals of the alternate plan would alter the
chemical character of the water supply of a large acreage because
most ground water in the Boise Valley has a higher mineral content
than the basic surface-water supply. Although the ground water at
most places would be diluted with surface water, some lands might
Teceive a preponderance of ground water. Hence the chemical
suitability of the ground water for irrigation is considered here.

Little is known about the quality of ground water on the Moun-
tain Home plateau. Inasmuch as most of or all farm and domestic
supplies in that part of the area covered by the alternate plan pre-
sumably would be ground water, their potential quality merits inves-
tigation. This is especially true because, locally in southwestern
Idaho, ground water associated with certain rocks contains fluoride
in amounts sufficient to cause mottling of the tooth enamel of children
who use the water during the period of calcification of the permanent
teeth (Dean, 1936).

" Available ground-water analyses are contained in table 25, at the
end of this section. Samples that are represented graphically on
plate 7 are thought to represent the principal chemical types of ground
water in the Boise Valley, because the samples were from water-
bearing materials of a wide variety in a considerable range of depths.
Analyses of surface-water samples, which are included for comparison
(see pl. 7 and table 24), represent seasonal and geographic variations
in the chemical quality of river and canal water.

. The variation in chemical characteristics shown by the available
analyses is summarized in table 22 and in figure 19 and plate 7,
separately for ground water and for surface water. Both the ground
waters and the surface waters range moderately in concentration of
dissolved solids, the range for ground waters being from 69 to 1,040
ppm and that for surface waters being from 51 to 788 ppm, among
those analyzed. Both categories range substantially in composition,
from calcium-magnesium bicarbonate waters to sodium bicarbonate
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and sodium bicarbonate-sulfate waters, In general, sodium concen-
tration and percent sodium increase toward the west, or downstream.

TasLe 22.—Summary of chemical analyses of water
[Chemical constituents in parts per million]

Surface water Ground water
Constituent or property
Maximum | Minimum | Maximum | Minimum
Temperature. e cemmmeccm— e ——— °F._ 75 59 80 52
12 923 14
.00 1.4 0
7.9 87 7.9
.3 41 .3
3.7 250 275
16 12 20
36 476 53.7
2.7 309 .8
.8 97 0
.2 7.0 .2
.3 4] 0
BOTOR, B.. ..o LI .04 2 . .02
Dissolved 801AS v m oo e e 788 51 1,040 69
Hardness:
............................................... 251 21 386 24
Noncarbonate.___. ... ____ 1 I (R 214 0
Sodium percentage..._.. . e em—————— 60 14 82 5
Residual sodium carbonate—milliequivalents per liter.. R {7 SO 4.24 0
Specific cenduetance_...__....__ micromhos at 25° C..| 1,160 67 1,510 112
PH . . eeemm o emom———————— 8.6 6.9 8.8 6.6

! The range in caleulated content of sodium and potassium is from 3 to 172 ppm.
? The minimum caleulated content of sodium and potassium is 1 ppm.

80 * <
Mean annual air temperature
is-about 50.8°F /

- Inferred thermal gradient,
in sediments, in Boise
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FIGURE 20.—Variations of ground-water temperature with depth, and comparison to typical and inferred
thermal gradients.
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The temperature of water from 93 wells in the Boise Valley ranged
from 52° to 83° F. Owing to the natural increase of temperature
downward in the earth’s crust, water from deep sources tends to be
warmer than that from shallow sources. For sedimentary materials
in general, the temperature gradient commonly is about 1° F for
each 50 to 100 feet of depth. In the sediments in the Boise Valley the
gradient is variable but seems to average about 1° F for each 20 feet
of depth (fig. 20). Along the north side of the valley lowland, near
the foothills, deep artesian wells tap water whose temperature is as
much as 122° F. Even warmer water is reported in wells within the
foothills area. Thus some ground water in the valley obviously is
too warm for agricultural use directly from wells.

Water leaking from the warm wells and aquifers raises the water
temperature in shallower zones. At most places, however, water
having temperatures detrimental to agricultural use occurs at depths
greater than are likely to be reached by wells that would be drilled
under the alternate plan, or in areas distant from that involved
in the plan. :

CLASSIFICATION OF THE WATER FOR IRRIGATION USE
PRINCIPAL FACTORS

The chemical suitability of water for irrigation depends chiefly on
four factors: the amount of dissolved solids; the amount of sodium in
proportion to calcium and magnesium; the ratio of bicarbonate to
calcium and magnesium; and the concentration of boron. Assuming
ordinary amounts of boron and low concentrations of bicarbonate
relative to calcium and magnesium, the dissolved-solids content and
the proportionate content of sodium are prime controlling factors.
Specific conductance, a measure of the electrical conductivity of
water, is useful in the evaluation of irrigation water because it is an
approximate index to the concentration of dissolved solids. In some
classification systems it is taken as a general index of suitability.
Also, where zalvanic conditions exist, highly conductive water speeds
the process of electrolytic corrosion in well casings and pipelines.

Among the four principal factors, the amount of disselved sodium
in proportion to the amount of calcium and magnesium largely
determines the suitability of water for irrigation. In favorable pro-
portions, calcium and magnesium maintain good tilth and structure
(texture) in soil. Calcium, one of the most common alkaline-earth
elements, is readily soluble in slightly acidic water and is relatively
abundant in all waters of the Boise Valley. In contrast, a high
proportion of sodium in irrigation water tends to destroy the friable,
granular condition of soil by dispersing the mineral particles, causing

386771—57——6
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FIaURE 21.—Classification ot Boise Valley waters according.to percentsodinm and concentration (modified
after Wileox). Numbers refer to locations in tables 22, 23, and 24. Solid circles indicate ground water,

open ci

the soil to become impermeable.

rcles, surface water.

Excessive bicarbonate tends to

aggravate the effects of a high sodium proportion (Eaton, 1950).
Soil thus damaged will not drain freely once it is wetted, even where

it i1s above the water table.

Some soil types of the Boise Valley and
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the Mountain Homeplateau are susceptible to damage by sodium
bicarbonate. (In many chemical analyses potassium and sodium,
which have somewhat similar chemical properties, have been reported
together as a computed value as sodium. In most natural water the
amount of potassium is relatively small.)

Three criteria for evaluating the sodium hazard (“alkali’”’ hazard)
of irrigation waters are widely used. These are the percent sodium
(Wilcox, 1948), the sodium-adsorption ratio (U. S. Salinity Laboratory
Staff, 1954), and the residual sodium carbonate (Eaton, 1950).
No one of these is an absolute criterion by itself, because the suita-
bility of a water is influenced in some degree both by soil-drainage
conditions and by water-management and soil-amendment practices.

CLASSIFICATION ACCORDING TO PERCENT SODIUM

The percent sodium is the percentage ratio of the milliequivalents
per liter of Na+ to the sum of the milliequivalents per liter of Na-,
K+, Ca++, and Mg++. The percentage ratio is then plotted
against electrical conductivity on a standard diagram that defines
the suitability classes. From the available analyses of Boise Valley
waters, values of percent sodium are given in table 23 and the irri-
gation-suitability classification is derived on figure 21.

According to percent sodium most of the 89 analyzed samples of
Boise Valley ground water are excellent to good, a few are permissible
to doubtful, and none would be unsuitable (fig. 21). By the same
-criterion, the suitability of the surface waters for irrigation generally
is slightly superior to that of the ground waters.

TaBLE 23.—Classtfication of irrigation waters in Boise Valley

“Letter symbols indicate suitability for irrigation as follows:
Percent sodium: E, excellent; G, good; P, permissible; D, doubtful,
Sodium-adsorption-ratio classification: Salinity hazard—C, low; Cp, medium; Cs, high. Sodium or
“alkali” hazard—S8;, low; S, medium.
Residual sodium carbonate classification: 8, probably safe; M, marginal; U, unsuitable.

'[From analyses by U. 8. Geological Survey, U, 8. Bureau of Reclamation, Idaho Department of Public
Health, and University of Idaho Agricultural Experiment Station]

Sodium adsorp-
Percent sodium | tion ratio (sa-~ Residual
linity-sodium Na2COs
hazard)
.Sample! Well or spring No. or | Date of collection .
No. location Milli- Mini-
Suit- | equiv- | Suit- | equiv- | Suit-
Percent| ability | alents | ability | alents | ability
! symbol| per |symbolj per |symbol
liter liter
Ground water
1 68 G 3.13 | Cafy 1.67 M
2 70 G 3.32 | CaS1 2.11 M
3 70 G 3.67 | 5 2.42 M
4 44 G 2.53 | Ci& 1.36 M
5 32 G 1.33 ] C28 0 s
6 66 D 6.63 | O3S 3.18 U
7 50 G .19} CS .60 S
8 72 D 7.45 | C352 3.23 U
9 51 G 2.37 CsS, 1.17 S
10 47 G 2.74 | C:8 0 8
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TaBiE 23.—Classification of irrigation walers in Boise Valley—Continued
Sodium adsorp-
Percent sodium | tion ratio (sa- Residual
linity-sedium Na:COs
hazard)
Sample| Well or spring No. or | Date of collection
0. location Milli- Milli-
Suit- | equiv- | Suit- uiv- | Suit-
Percent| ability | alents | ability | alents | ability
symbol| per |symbol| per |symbBel;
liter liter
Ground water—Continued -
11 | AN-4W-15d51 oo} i [ 68 G 3.45 | Cs% 165 M
12 26bd2. e Sept. 23, 1953 ___. 46| G 2.97 | Ci$ 0 8
13 25bd2. . ___ May 6, 1054 _.__. 50 P 3.36 | Csd 0 8
14 26adl.. . _..... Sept. 18, 1953___... 59 P 4.14 | Cs8 210] M
16 | AN-8W-15aal ...l eeeos 5{ E 07) CiS) .36 8
16 . T U 5| E 071 CiS .44 8
17 22661 o emeeem 17| E .27 CiSy 1.33| M
18 25dal_ .. .ooe. July 13, 1953__.__ 571 @ 2.84 | 028 111 8
19 274@1 . e e 12 E .2 | Ci& 1.16 S
201 2B e m 13 E 2B O 1.20 S
21 | AN-2W-6del .o oocnoeo July 13,1953 _____ 35 E 601 Ci§y 7 8
22 26cal._________._ Sept. 15, 1953_.. .. 30 G 1.39 | Cs8 .22 8
23 27d€1. e Aug. 17,1953 ____ Bl G 3.00 | Cif .50 8
24 S4cdl_ ... May 7,1054_____. 57| G 3.76 | G 210 M
25 35edl_ e Sept. 15, 1953___._ 8| G 1.793 | Cafy ¢ S
26 S6adl_____......|__.__ T [ TR 48 G 2.86 | Cs8 .48 8
27 36DC .o Sept. 23, 1953..___ 54 G 3.26 | CsS .76 S
28 | aN-1W-11ddi_.____.____ Oct. 29,1953 _____ 30 E .68 | Ci8 .26 8
29 13del. ... _.. Mar, 25, 1952 _. 28 E 55| Gy .20 8
30 | AN-1E-10a81___..__.._.. Ang. 21, 1963 ... 44 G 1.67 | Cz9 .98 8
31 10bbl_ ... May 16, 1954 ____ 43 G 1.66 | CsS .78 8
32| AN-2E-34dal. | e e e e 0 8.
831 0 86eAL e 19 G .62 | €4,y 0 S
34 | SN-BW-12edl.___________ May 10, 1954 __. 39 G 1.98 | Ca8; .01 8
35 | AN-4W-4bbl._..____.... May 6, 1954______ | G 13| Ca8 0 8
36 12del. ... .___..| Aug. 17,1953 __.. 50 G 3.57 | Cs8 0 8
37 14882 _________ May 10, 1954 ____ 51 E 1.8 | CaS; 1.00 8
38 25031 . -...co-| May 6, 1954 ... 33 G 1.50 | Ca8; .20 S
39 | AN-3W-3bb1_ ... .. ... Sept. 25, 1953_____ 65 P 3.85 | C38; L] M
40 3bbl_ .. _____.. Nov. 10, 1953._.__ 56 P 3.821 G 25| U
41 10bet ... July 14, 1983.____. 34 G 157 | Cu8y 0 8
42 Tdal_ ..o i ] [ P 45 G 3531 CsS 1751 M
43 11dal. ... Oct. 27,1958 ____ 64 G 3.8 | C:§ L47| M
4 1eddl______.___. Qct. 1,1953_______ 8 4 2,121 08 LB IS
45 | 3N-2W-2cel. . oooeovnnn- Sept. 15, 1953_____ 57 P 3.7 | (38 130 M
46 | SN-2W—4ebl________.._. Aug. 17,1953 ... 63 P 4.37 1 i 24| M
47 - I July 13, 1958 ____ 45 G | 204 Co§ 14 8
48 19381 ... __. Aug. 10, 1953 _____ 27 G | 129 C:8 0 S
49 21bbl_ . July 14, 1953_____ 32 G | LW| C& o 8
B0 | 22 82 G | 606 CS 1.86| M
51 | aN-1W-7bb1. _____...___ Sept. 23, 1053.__.. 52 G 3.23 | Ci& .2 S
52 (_.__. QO Nov. 10, 1953_____ 52 G 3.24 | CsS .42 8
53 |meu-- Q0 May 10, 1954_____ 58 P 3.81 | Os& .78 8
. 54 10e€1 oo May 29, 1047_____ 34 G 1.96 | CaS; 0 S
55 12dd1 50 E .08 CS; .41 8
56 |aeoon O e Oct. 29, 1953______ 37 E .82 | Ci% .10 8
57 | 4N-1E-5ab____.._____. Nov. 2, 1953______ 58| G 3.58 | C:S 244 M
58 el oo e 18 E | AT Gy 0 3
59 1iddl o July 14, 1953_____ 34 G | L57| O . 60 8
60 19edl_ . __. July 13, 1953 __ __ 28 G I 1.33] Cif 0 8
61 36802 oo Sept, 22, 1053_.___ 65| E ) 2.35 | Ci8 6] 8
62 |._.. QO do_ - 64 E | 2.18 | G158 .40 S
63 | 3N-2F- 4bal. | 42 G | 187 G 0 S
64 dedl__ . 39 E 1.00 | Ci§ .42 8
65 Raal . |l a| 6 | 1| G 46| S
66 Obal 3l E | el as 2| s
67 18bel | ] E | .97 CiS A8 8
68 S N 60 g | 260 CaS .37 8
69 14882 | .. 30 E . .8 | C:8 ] 8
70 Mdadl_ . 34 E | .59 O:8 .19 |
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TaBLE 23.—Classification of irrigation waters in Boise Valley—Continued

Sodium adsorp-
Percent sodium [ tion ratio (sa- Residual
linity-sodium NazCO0s
hazard)
Sample{ Well or spring No.or | Date of collection .
No. location Milli- Milli-
Suit- | equiv-| Suit- | equiv.| BSuit-
Percent| ability | alents | ability | alents { ability
symbol | per [symbol] per |symbol
liter liter
Ground water
71 N-2E-15bb1.. ... _. Sept. 22, 1953.__.. 31 E .92 | Cs§ .26 8
72 1644 . s 48 E .22 18 .45 S
73 20bb1.____ Oct. 30, 1953. ... 42 G 2.01 | Ca5 .78 S
74 25bbl._.___ Nov. 10, 1953_._.. 16 E .38 1 Ci8y 0 ]
75 | 2N-3W-22cbl_. ... May 6, 1954_.__.. 47 G 2.13 | Cs8y 1.07 S
76 | 2N-1W- 7hbl_____.____.|l._ ... do_ s 48 G 2.40 | CoSy .81 I
77 7bed . . Sept. 15, 1953.-. .- 36 G 2.21 1 G, 0 3
78 | (6 Sept. 25, 1963..... 37 G 2.19 | Cs& 0 3]
79 12bbl. ... May 6, 1964__ .. _. 64 P 4.73 ] C 1.61 M
80 18bbl_.__._____. May 10 1954 . .. 43 P 2,99 | Oy 0 S
81 Aadl .. Oct. 29, 1953...... 81 G 419 | Ci& 1.79 M
82 | aN-3E-7cd2_.______.__ Oct. 30 1953 __. 40 E 1.17 | Ca8 .24 S
83 | IN-2W- 3¢cbl .. ._.... May 10 1954 ... 45 E 1.35 | Ca8 .45 S
84 16ebl__ ... . May 8, 1954 ...... 34 G 1.82 | 088 0 S
85 | IN-1E4a8l ..o facans s [ S, 41 E 1.22 | Ci8; 0 S
86 N—2E—ﬁab1 ____________________________ 70 E 3.19 | G5 1.25 M
87|  e6ddl....__...__. Nov. 17 1963.. .- 61 a 2.79 Cs8, . 69 8
88 18—2W—3dd2 ____________ Oct. 29, 1953 ______ 41 G 2.41 CsS; 0 )
89 8&det .. _. May 6, 1954_____ 86 D 7.74 | CiSg 4.24 U
Surface water
90 Snlz;k% River at Marsing | Sept. 25, 1953...... 26 G 117 Ca8 0 S
ridge.
91 | Boise River at Dowling | Apr. 1-10, 1939___ 24 E 351 C1Sy .10 8
Ranch near Arrowrock,
92 ... [+ 1 T June 21-30, 1939__ 20 E .25 Ciy .05 ]
93 |eccnn 5 L T Sept. 21—30 1939__ 28 E .48 1 C18 .18 S
04 |.___. [ 1/ T Dec. 21-31, 1939. _ 24 E .47 Ci8; .15 8
95 | Moore Creek-Boise River..| Aug. 10, 1648 - 14 E .27 Ci$y 0 8
‘96 | Boise Riverat Diversion | Mar, 29-Apr. 14, 22 E 561 CiSy .08 8
a1, 1948
97 {acuen A0 e June 7-21, 1948 .. 23 E .65 C18; 0 S
88 |____. do. . Sept. 6-20, 1948 ___ 24 E 671 CiSy .26 8
99 {.__.. (s [ T Dec. 1, 1948-Jan. 21 E .65 Ci8 .05 S
24, 1949,
100 joao- {3 1 S, M:?.g!‘4 921—Apr 11, 18 E 491 G118y 0 S
101 ... A0 . June 1-17, 1949___ 16 E .42 0 C1S 0 S
102 ... {5 o N Sept. 9-23, 1049_.. 18 E 47| C18 .07 8
103 | Main south side Canal..| Sept. 15, 1953~ 47 E .82 Ci§ .25 8
104 | Ridenbaugh Canal.__._. Sept. 15, 1953 .. ._ 26 E 501 CiSy .13 S
105 | Lake Lowell....._...__.. Sept. 16, 1953.____ 48 G 1.92 | CoSy .26 8
106 ._..do .. ... Sept. 25, 1953 __. .. 41 G .55 Coy 0 8
107 Bmse River at Caldwell.| June 8-25, 1948___ 30 E .98 | Ci8 0 8
108 ... QO Sept. 17-30, 1948._. 45 G 2.25 | Ca8 .75 S
109 | Boise River return flow | Oct. 7, 1948.__._ .. 41 G 2.65 | C25 0 ]
(Notus Canal).
110 [o...do ... June 8-22, 1949_ .. 38 G 230 | Cs8 0 8
0 A R s ' T Sept. 13-26, 1949_. 44 G 2.79 CsSy 0 IS
112 Bmse River at Notus....[| Mar. 11—20, 1939_. 48 G 2881 Ci 0 8
113 [--..- [ 0 T June 21-30, 1939 _ 60 P 4.73 1 C8 0 8
114 |.__.. [+ 0 S Sept. 11-20, 1939_. 57 P 3.55 | O38 .31 8
15 o _do .. Dec. 11—2(), 1930 49 G 2.81 ) CiSh .10 8
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CLASSIFICATION ACCORDING TO SODIUM-ADSORPTION BATIO

The classification according to percent-sodium is not wholly
satisfactory because it does not directly measure the potentiality for
base-exchange adsorption of sodium by the soil. The sodium-
adsorption ratio (SAR), however, approaches a direct measure of
that potentiality. Field tests by the U. S. Salinity Laboratory have
shown relatively good agreement between the exchangeable sodium
percentage in samples of soil and the calculated SAR values. The
SAR value, therefore, is a useful index of the sodium hazard of irriga-
tion waters.

The SAR is derived by the equation,

NS+EY
_\/% (Cat++Mg++)

SAR=

in which, Na,* K*, Ca™, and Mg** represent respective concentra-
tions, in milliequivalents (me) per liter, of sodium, potassium, calcium,
and magnesium. For classification, the ratios so derived are plotted
against conductivity on another standard diagram which defines four
ranges of salinity hazard and sodium hazard. SAR ratios from the
available analyses of Boise Valley waters are given in table 23 and are
plotted on figure 22.

CLASSIFICATION BY RESIDUAL SODIUM-CARBONATE CONTENT

According to Eaton (after U. S. Salinity Laboratory Staff, 1954,
p. 81)

Waters with more than 2.5 me/liter ‘“residual sodium earbonate’” are not
suitable for irrigation. Waters containing 1.25 to 2.5 me/liter are marginal,
and those containing less than 1.25 meyliter ‘‘residual sodium carbonate’” are
probably safe.

Within these limits, Boise Valley waters are classified in table 23.
Four of the 89 samples of ground water are in the unsuitable class,
18 are in the marginal class, and 66 are in the “probably safe’’ class.
One sample (no. 32) could not be classified because the content of
sodium was not determined. All samples of surface water are in the
““probably safe’’ class.

This classification supplements, and does not wholly supersede, the
SAR classification because excessive bicarbonate in the water may
aggravate the alkali hazard which the SAR method seeks to evaluate.
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SALINITY HAZARD
Low, C; Medium, Cp High, C3
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9 T
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2+ 37 105, 2
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83 106°
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100-102 /52 28
1040 o7 94 74
sr° 095 *
LI i 11 N R NS !
3 3 88 8 B 8 2R
ot N N o 7] ~ o
— N o

TOTAL CONCENTRATION AS CONDUCTIVITY,
IN MICROMHOS, AT 25°C

Fiaure 22.—Classification of Boise Valley waters according to sodium-adsorption ratios and concentration
(method of U. 8. Salinity Laboratory Staff). Numbers refer to locations in tables 23 and 24.
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COMPARISON OF THE THREE CLASSIFICATIONS

Table 24 summarizes the number of analyses falling into each of the
several suitability classes, which grade one into another. The classi-
fication assumes average conditions of soil texture, infiltration capacity,
drainage, quantity of irrigation water applied, climate, and salinity
tolerance of the crop. Given a large deviation from average in one or
more of these factors, a water, low both in dissolved solids and in
proportion of sodium, might cause damage to the soil or, conversely,
a water that, by these two criteria, is of doubtful quality might be
used successfully (especially with appropriate use of soil amenders).

TaBLE 24.— Distribuiion of analyzed samples among irrigation-suitability classes

Sodium-adsorption-ratio classification: Salinity hazard—C;, low; Cs, medium; C;, high, Sodium or
“alkali’” hazard—S, low; S, medium.
Eaton’s classification symbols: 8, safe; M, marginal; U, unsuitable.

Number of analyses, distributed in
Eaton’s classes, for—

Sodium-adsorption-ratio classification

(According to U. S. Salinity Laboratory) Ground water Surface water

8 M U 8 M U

17 2 0 16 0 0

32 8 0 5 0 0

0 0 1 0 0 0

17 8 1 5 0 0

0 0 2 0 0 0
88 25

Waters of class C;S,; can, according to the U. S. Salinity Laboratory
Staff (1954, p. 79-81), be used to irrigate most crops on most soils with
little prospect that they will cause excessive soil salinity, and with
little danger that sodium adsorption by the soil will be harmful except
to sodium-sensitive crops such as the stone fruits. Special land- and
irrigation-management practices might be necessary on soils having
extremely low permeability.

Waters of class C;S, are only slightly less suitable for irrigation.
Salt-sensitive crops might require special management practices.

Waters of class C,S; are not inferior if used on coarse-textured or
organic soils having good permeability and drainage, such as the best
soils in the Boise Valley. However, such waters entail an appreciable
hazard that tillability will deteriorate if the soil is fine textured and
contains no gypsum. Some areas in the Boise Valley may be suscepti-
ble to this hazard.

Waters of class C;S; cannot be used successfully on soils having poor
-drainage; even where drainage is adequate, salt-tolerant crops should
be chosen and special management may be required. Soil drainage in
parts of the Boise Valley is inadequate by this standard.



LIMITATIONS IMPOSED BY ENVIRONMENT 81

Waters of class C;S, entail the additional hazard that the soil will
deteriorate in tillability if it is fine textured and contains no gypsum.

There is substantial doubt that waters of classes C,S,, C;S,, and
CsS; are suitable for irrigation on all soils and for all potential crops.
Among the analyzed surface waters, these classes have been found
only in the Boise River at Notus and in the Notus Canal during the
irrigation season. Among the ground waters they have been drawn
from one spring and from wells that are scattered widely over all the
Boise Valley west of Kuna and Meridian—the water-exchange area
contemplated under the alternate plan. The samples were from
wells that range in depth from about 50 feet to more than 400 feet.

Neither the available data nor the scope of this appraisal is adequate
to bring out details in the pattern of distribution in the Boise Valley
of the ground waters having doubtful suitability for irrigation. Full
knowledge of that pattern will be essential in ultimate irrigation
development of the valley, but the knowledge can be obtained only
through intensive investigation for which no provision is made in the
alternate plan. The probable origin of the pattern of distribution of
the ground waters is explored on pages 82 to 84 of this report.

UNCOMMON AND MINOR FACTORS IN IRRIGATION SUITABILITY

Boron, in very small amounts, is essential to proper plant growth,
but larger amounts in irrigation water are injurious to many plants.
Specifically, more than about 3.7 ppm of boron is toxic even to plants
that have a relatively high boron tolerance (U. S. Salinity Laboratory
Staff, 1954). In Boise Valley waters that have been analyzed, the
maximum boron content is 0.36 ppm-—an allowable amount even for
boron-gensitive crops.

Fluoride, a minor constituent in most waters, in ordinary concen-
trations seemingly does not appreciably affect the irrigation quality
of water. It is believed that the silica content usually does not influ--
ence the suitability of water for irrigation, although many: soil scientists
believe it has a part in stabilizing soil ageregates, forming impermeable
hardpan, and contributing to plant nutrition. Iron in excess of 0.3
ppm is undesirable for irrigation use, chiefly because it forms incrusta-
tions that clog pipes and sprinklers. In most Boise Valley waters the
iron content is much less than 0.3 ppm. Sulfate, chloride, and nitrate,
which are present in nearly all natural waters, seem to have little-
significance in the suitability for irrigation of the waters in the Boise:
Valley and the Mountain Home area.
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ORIGIN OF THE WATER-QUALITY PATTERN
NATURAL FACTORS

In oversimplified terms, the chemical composition of a natural water
represents a balance between the solubility and chemical activity of
the soils and rocks over or through which the water moves, and the
length of time the water has been in contact with those soils and rocks.
In most of the Boise River watershed above Boise Diversion Dam,
the rock materials contain relatively little soluble minerals; thus,
stream water at the head of the irrigated area in the Boise Valley is
low in dissolved solids (see table 25). The hardness and the amount of
dissolved solids in the river water doubtless increased downstream in
the environment before the advent of irrigation, owing in part to
admixture of ground water. However, the chemical composition of
river water at the lower end of the valley has been modified greatly
by irrigation.

Alluvial gravel on the terraces of the Boise Valley is derived largely
from the granitic terrane above Boise Diversion Dam. Ground water
from the gravel therefore tends to be chemically similar to upstream
Boise River water, though it is somewhat more mineralized because it
has been longer and more intimately in contact with soluble minerals.
The lowland gravel deposits are similar in mineral content to those on
the terraces, but residual soils derived from them tend to contain larger
amounts of soluble minerals. Ground water from the lowland gravel
generally is more mineralized than that from terrace gravel.

Water from the Idaho formation characteristically is relatively
high in fluoride (0.8, 1.4, and 7.0 ppm in wells 5N-4W-35da1, 4N-
4W-15db1, and 1S-2W-8decl; table 25) and has a high ratio of sodium
to total cations (66, 68, and 80 percent, respectively), owing to the
relative abundance of fluorine- and sodium-bearing minerals in the
lake beds. Water in the deeper part of the Idaho formation is suffi-
ciently well confined by materials of low permeability that it tends to
be of distinctive quality, having a high percentage of sodium.

Practically all samples that were analyzed for fluoride contained an
appreciable amount of that constituent, but concentrations harmful
to health are not common. The highest concentration in beds other
than those of the Idaho formation (3.5 ppm in well 3N-2E-14aal)
is in water derived from fluoride-bearing voleanic rocks similar to those
which furnished much of the sediment that composes the Idaho
formation.

EFFECTS OF IRRIGATION

The chemical quality of water inevitably depreciates as it moves
through an irrigated area. In the Boise Valley such depreciation is
believed to have been a principal factor in determining the current



" LIMITATIONS IMPOSED BY ENVIRONMENT 83

Tange in irrigation suitability of both surface and ground waters (fig.
22, p. 76-77). Ground water is the principal vehicle involved in the
mechanism of depreciation.

Main irrigation canals in the Boise Valley convey stream water
from the valley head across earth materials that are highly permeable
in many canal reaches. The water contains substantially less dis-
solved minerals than the ground water that occurred naturally be-
neath the irrigated areas. Water lost by seepage from the canals
locally dilutes the underlying mineralized ground water within irregu-
lar tongues having unknown width and reach westward from the valley
head. Dilution, however, is not universal. A notable exception is
water tapped by well 2N-1W-7be4, only 140 feet from an unlined
canal. A water sample from this well contained 715 ppm of dissolved
solids (see table 25), nearly the highest concentration in any sample
from south of the Boise River. Water in the canal on the same day
contained only 51 ppm of dissolved solids. There the canal evidently
is insulated from the producing aquifer by an impervious layer.

Away from the inferred tongues of diluted ground water the effects
of irrigation are altogether different, owing to the following principal
factors:

1. Disintegrated crop-plant debris provides soluble nitrogenous
matter and weak acids which are taken up by infiltrating water, and
the solvent power of the infiltrate may exceed substantially that of
natural recharge water.

2. Soil amenders and fertilizers afford soluble materials that do not
occur naturally. These may be dissolved in substantial amount by
ifiltrating irrigation water.

3. Growing plants transpire a substantial amount of water but
incorporate in their tissues only a minute portion of the mineral
matter dissolved in that water. Substantially all the mineral matter
originally in the transpired water remains in the soil or is carried
downward, ultimately into the underlying ground water, by the
water not transpired. In the Boise Valley, on the average, the ratio
of irrigation water to transpired water is such that the residual which
percolates to ground water would, if no modifications intervened,
have a dissolved-solids concentration about 150 percent of that of
the irrigation water. Further, residual water is recovered repeatedly
as return flow and is reused for irrigation. Thus, mineral matter in
recharge water from irrigation in the extreme western part of the
valley may be several times more concentrated than in the valley-
head river water.

4. Fine-textured-earth materlals which are abundant in the Boise
Valley, contain sodium-base exchange minerals. In these materials,
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water would exchange its calcium and magnesium for an equivalent
amount of sodium, either in part or substantially in whole.

5. If carbonate and bicarbonate in the irrigation water are con-
siderably more than equivalent to the calcium and magnesium, the
carbonates of these two cations may precipitate in the soil. Thereby,
the proportionate amount of sodium in the ground-water recharge is
increased, the sodium alkalinity increases, and the tendency toward
solution of organic matter and formation of “black alkali” is increased.

The principal net effect of the chemical actions is to increase, in
the ground water, both the absolute amount of dissolved solids and
the relative amounts of sodium, sulfate, and chloride, thus depre-
ciating the suitability of the water for irrigation. The effect is
cumulative and considerable as water moves through the valley,
because drainage water is intercepted for reuse in several successive
irrigation cycles, each cycle further depreciating the quality. Chem-
ical modifications such as those described are inferred to be largely
responsible for the quality of ground waters of classes C;S;, C;S;, and
C:S,, previously described.

Ground-water discharged from the greater part of the Boise Valley
reaches the Boise River, either as underflow or by way of surface
drains. (See pl. 5.) This return flow is irrigation water that has
been modified in chemical composition in the manner just described.
At the climax of the irrigation season such water constitutes a sub-
stantial to major part of the river flow at Notus; thus, the chemical
character of the river water depreciates progressively from Boise
Diversion Dam downstream. Return flow is continuous, but during
the nonirrigation season its effect on the quality of river water is less
noticeable, because it is diluted by surface runoff that passes the
diversion dam.

The effects of irrigation on the chemical quality of Boise River
water were the subjeet of a special study by the Geological Survey in
193940 (Love and Benedict, 1948). Samples were collected from the
river above and below the principal irrigated area, from canals, and
from Lake Lowell. Daily samples were taken from the Boise River at
Notus from January 13, 1939 to January 17,1940. Snake River water
also was sampled. This study yielded the selected representative
analytical results in table 25 and figure 19.

Between Boise Diversion Dam and Notus the average increase in
dissolved solids was several hundred parts per million. Between the
two stations the chemical differences in the water varied during the
year, the difference being at a minimum in late winter and early spring:
when natural flow was high relative to return flow.
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In contrast, water from the Snake River at Marsing contained
several times as much dissolved solids as Boise River water near
Arrowrock Dam, but less than Boise River water at Notus (table 25
and Jensen, Lewis, and Baker, 1951). The suitability of the Snake
River water for irrigation is only moderately inferior to that of the
Boise River water at Notus and is definitely superior to Boise River
return water at Notus.



TABLE 25.—Chemical analyses of waters in the Boise Valley

[Chemical constituents in parts per million. Analyses by Geological Survey, Idaho Department of Public Hezalth, U. 8. Bureau of Reclamation, and University of Idaho
Agricu tlral Experiment Station]

= g Haédxéegs 8o
-~ o = a8 CaCOs <
= 9 S iy et <
2. E o~ ns] —_ ?) —~ © g oI
Sam-| Well or spring No. @ = = a % ~ - = —~ 3 =X S18)| gz
ple or location Date of colleetion § &g o) 5 Z E 2 S el B |2 ~ |38 g B o,g
— ~ < B
No. 8 | & > g = 2 g 2 2 2 < a3 8 & oB
8 |2 B 5 8 g o 2 @ K k=4 8 dl 2| &8
Elgl eS| E 5|28 |2 |E| BB 8|2 |E 5|2 %
= g 3 R = = = = 8 S RS2
ElR|&|8|8|a|&|8 |8 |8 |R|Z|R|& |8 (2|8 & |4
Ground Water
1} 5N-5W-9¢cl....._______ Nov. 15 1946, . __. 68 | o)l 16 3.6 53 168 ) 7.0 8 |..._.. 16 . 106 541 0] 68 3061 7.6
2 |1y N NP s {1 M 63 | __{_._.__ 16 2.5 54 190 | 58 4 |..___. 81 _____ 177 50| 0] 70 326 | 7.5
3 2031)1 .......... Oct. 27 1968 . 63 | 73 ... 15 4.8 62 218 | 3.3 (LU P W6l 279 57 |-..--| 70 356 | 7.5
4 caSl ______________ doo_______.__ 57 | 56 [----_. 60 26 93 396 | 95 22 |eeaoe- 6.2 ... 567 | 256 | O | 44 848 1 7.5
5| SN-4W-8ccl......._....| Nov.15,1954______ 54 || 53 14 42 180 | 69 38 o __ 9.2 |oo_. 314 | 190 {42 | 32 530 | 7.4
6 35da1 __________ Oct. 27, 1853...___. 57148100 {70 26 (250 3.6 476 (309 66 0.0 {11 0.30 1,040 | 282 0{66 1,510 7.7
T 8B o L) JS I N -0 11 1.6 16 781 2.8 0 - 2 (SR 116 34 (.. 80 |-oo_.. 8.0
8 4N—5W—130b1 .......... May 10,1954, .___._ 56 160 | .04 44 26 {280 4.4 | 427 {261 76 L.O| 9.5 281 964 | 217 | O 71 1,430 | 8.6
] e L T 74178 | .05 |42 6 62 229 | 37 20 9 2.3 .. 390 130 f__._p 81 |_____._. 7.4
10 2labl. .. ..___ Oct. 1,1953 ... _.. 67 | 74 .09 | 54 13 82 7.4 | 208 |127 43 1.0 3.5 14 518 i 188 947 723 | 8.4
11 | AN4AW-18db3. ... | ... doooo_____ 67 1930 14 3.3 53 3.81 1680} 3.7 8.0 1.4 b6 12 241 48| 0| 68 302 | 8.8
12 254b2._ . _._... Sept. 23,1063 2____ 59 |amifocanan 81 23 115 5 312 1155 L/ S PN U W16 oo |eamann aeeef 45 1,054 | 7.5
181 .. doooome May 6, 1954 7T 60 142 |0 75 23 1128 6.2 | 278 |168 97 1.0} 5.2 .84 | 695 | 282 141 149 1,120 8.5
14 26ad1. .. ... Sept. 18, 19532 ___ 57 1O 48 17 1128 5 360 |108 - S DUOR R 26 | foaae ----| 59 909 | 7.8
15 | 4N-3W-15aal o 12 2.5 1 71 4.6 2 2 I O, 94 40 [ooof B aicaeaa 7.3
16 11 2.6 1 73 5.4 2 [ 75 U IR 106 39 [-- B faweoaooo 7.4
17 15 1.0 4 182 | 12 6 .7 ) A . 156 42 |17 f . 7.2
18 27 g 65 3 195 | 64 10 Jeeoao]|omeot 12 (oo e} 87 491 | 7.9
19 20 3.1 4 1461 9.5 8 8 PN P 186 63 |-~} 12 | ... 7.7
20 19 2.5 4 144] 9.4 7 IS A PSRN SO 182 59 || 18 ... __ 7.4
21 [ P . 11 3.0 10 70 2.81 2 L 2 Y 90 40 |oo] 35 | o 7.0
22 26cal._.______. Sept. 15, 19532____ [57: 70 T I, 63 18 47 3 235 102 27 el 30 foeooe | eaas ----| 80 689 | 7.3
23 27dcl ... Aug. 17, 1953 2. 56 |- oolecaann 48 16 96 2 2569 1142 b1 S (I 12 oo famoeee ea--| 82 776 | 7.6
24 Sedl .. ___.___ May 7,1954_..____ 656 (89| 0 48 18 119 2.4 | 366 {118 23 81 9.3 18| 5563 | 366 | 0| 57 842 | 8.3
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26 | N-2W-36adl_______.__ Sept. 15,1053 %} __._. S 56 |21 |97

3 306 |132 b S TR PO N R (R A —---| 48] 843
27 36bel.. ... Sept. 23 19582 B6 |.___{__..__ 50 12 98 2 259 (126 ¢ I O I F. I S I -eo-| B4 759
28 | AN-1W-11dd1_____.____ Oct. 29, 1953 - 56 131 __.__ 20 3.5 13 04 | 12 1.0 jo. ... R PO 136 64| 030 180
29 18de2__________ Mar. 25, 1952 ... 651261 .01} 13 21| 7.5] 1.0 62| 49| L5 .4 a0 .14 89 41| 0] 28| 112
30 | aN-1E-10aal....___._._ Aug. 21,19582...._| 61 j..__{...... 32 [ 38 2 187 | 30 1 S RIS S W02 e —--| 44| 390
31 10bbl_.________ May 10, 1954______ 6213710 32 1 41 3.1 200 30 9.0 61 30| .18} 253 | 125| 0| 41| 388
32 | 4N-2E-34da____.._..__. G TR I 321 1.4 | 52 9.3 | fee- 115 . .. 4 .2 B N P 206 | 168 || foaoaoe..
33 35e8. . cun______ [© TSN 56 | 26 5 | 61 6.6 19 144 | 92 4 210 oo 288 | 180 | ___[19 | _______
34 | 3N-5W-12cdl_____.____ May 10, 1954 ____ 67 16510 45 31 68 3.9 32 | 76 14 1.2| 5.6 .08 | 473 | 240] 0|38 712
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38 25dal__________ May 6, 1954, . 60 139)0 38 %3 49 58| 275 58 21 1.0 3.9} .36 403 230 | 0|31 ] 628
39 | 3N-3W-3bbi.______.._. Sept. 25 195632__.__ 75 I DR I, 58 25 |1387 4 420 127 - S IR 17 25 PR IR ----| 66 11,031
40 |- A0 Nov. 10,1953 _____ 56 | 62 |__.._- 52 25 134 440 |113 28 feae—- 8.0 |oueon 660 | 232 | 0 56| 973
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TasLE 25.—Chemical analyses of waters in the Boise Valley—Continued
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Surface water

Snake River at Mar-
sing Bridge.
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1 Analysis by Idaho Department of Public Health, Boise, Idaho.

2 Analysis by U.

S. Bureau of Reclamation, Boise, Idaho.

3 Analysis by University of Idaho Agricultural Experiment Station.
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SALT BALANCE

Under the conditions prevailing in the Boise Valley, the suitability
of the water for irrigation can be maintained only if water is allowed
to waste in a quantity sufficient to carry out excess dissolved salts.
The so-called salt balance is favorable only so long as the chemical
quality of the water finally applied to the land does not exceed toler-
able limits of salinity hazard and sodium hazard. Available data sug-
gest that the Boise Valley may be on the verge of an unfavorable salt
balance, and an unfavorable balance might develop during a succession
of dry years such as occurred in the thirties. An investigation much
more intensive than was feasible for the present appraisal would be
required to determine the actual existing salt balance.

Operation of the alternate plan would tend to change the present
salt balance of the Boise Valley, and make it less favorable, because
the ground water that would be pumped for exchange and offset—
likewise, the surface water that would be pumped from the Snake
River into Lake Lowell-—would be less suitable in quality for irrigation
than the water it would replace. The balance would become still
less favorable if the plan should result in a substantially smaller mini-
mum river flow, or a more prolonged period of low flow, passing Boise
Diversion Dam during the irrigation season. Whether the less favor-
able balance could be tolerated is not answerable from facts now in

hand.
FEASIBILITY OF THE ALTERNATE PLAN

The task of this report is to determine, in terms of hydrology and
geology, whether the alternate plan is physically feasible and could be
operated successfully for an indefinitely long time, and to evaluate
the hydrologic aspects of the plan in terms of advantage or disad-
vantage, compared to the benefit or nonbenefit of not executing the
plan, or of executing a different plan. The evaluation necessarily is
broad in scope, having in mind the ultimate needs of the entire area
in which the plan would operate (Carr, 1953).

BASIC PROPOSALS AND ASSUMPTIONS OF THE ALTERNATE PLAN

The alternate plan makes the following basic proposals (Sloan,
1953):

1. Divert yearly 60,000 acre-feet of surface water from the Boise
River at Lucky Peak Dam to the Hillcrest division of the Mountain
Home project, and 540,000 acre-feet from the South Fork of the
Boise River to the Long Tom division.

2. Pump 150,000 acre-feet of Snake River water into Lake Lowell
to replace an equal amount of exported Boise River water.
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3. Pump 150,000 additional acre-feet of Snake River water as part
of a power-generation scheme. Generate power as an incident to
operations (1) and (2).

4. Pump yearly an average of 225,000 acre-feet of Boise Valley
ground water to replace an equal amount of exported Boise River
water; in years of short surface-water supply in the Boise River, pump
as much as 75,000 acre-feet of supplemental ground water; that is, a
total of as much as 300,000 acre-feet.

5. Pump additional ground water to replace depleted return water
now used to satisfy downstream rights.

6. Drain 225,000 acres of waterlogged land in the Boise Valley as
an essential incident to pumping ground water for irrigation.

These proposals of the alternate plan are based on certain major
assumptions, on the validity of which depend the physical feasibility
and ultimate advantage of the entire plan. These assumptions, ex-
pressed or implied, are as follows:

1. Diversion requirement for Mountain Home plateau.

a. That the gross water-diversion requirement for Mountain Home
land would be 4.85 acre-feet per acre, compared to 5.4 feet estimated
in the original plan (expressed).

b. That 540,000 acre-feet of live water is present in the South Fork
of the Boise River at the proposed diversion point and at the pro-
posed time of diversion, and that this water could be made available
to the Long Tom division. Further, that 60,000 acre-feet of water in
the Boise River at Lucky Peak Dam could be made available to the
Hillcrest division (expressed).

c. That 225,000 acre-feet of Boise River water above Boise Diver-
sion Dam is surplus and could be exported without the need for re-
placement water (expressed).

2. Exchangeability of Snake River water. That 150,000 acre-feet
of Snake River water could be pumped into Lake Lowell and ex-
changed for the same volume of Boise River water (implied). That
power generation is feasible as an incident to this exchange (expressed).

3. Exchangeability of Boise Valley ground water.

a. That ground water at the well head can be exchanged, acre-foot
for acre-foot, for Boise River water above Boise Diversion Dam (im-
plied). The plan recognizes, however, that the surface water is not
necessarily completely replaceable by the exchange, and provides for
a small amount of additional pumping to offset reduced return flow.

b. That the ground water is chemically suitable for irrigation,
would remain so for all time, and is a suitable substitute for part of
the present surface-water supply (implied).

4. Availability and accessibility of ground water.
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a. That 225,000 to 300,000 acre-feet of usable ground water is
available and accessible within an area where it could be pmctlcably
substituted for surface water (expressed).

b. That 450 irrigation and drainage Wells, spaced one-fourth mile
apart and “adjacent to each of the main supply canals below the
Boise Diversion Dam,” would deliver the required amount of replace-
ment water during a pumping season of 125 days (expressed).

c. That additional satisfactory wells can be installed wherever
needed to satisfy local shortages of water that may develop owing to
depleted return-flow (expressed).

d. That the wells would have an average depth of 60 feet, and an
average pumping lift of 65 [sic] feet, with an average yield of 2.0 cfs
(expressed).

5. Drainage benefits.

That pumping 225,000 to 300,000 acre-feet of water from wells
would lower the water table 4.5 to 5 feet beneath 225,000 acres of land
(expressed).

Minor additional assumptions also are involved.

Obviously these proposals of the alternate plan have far-reaching
implications. The plan would alter the patterns of water supply and
use in three major geographic areas: the Boise River basin, the Snake
River valley, and the Mountain Home plateau. Accordingly, de-
termining the wvalidity of the major assumptions is appropriate as
a test of the feasibility of specific proposals. An analysis of the
assumptions follows, each being considered in the order listed above,
except for the assumption about chemical suitability of the water.
The chemical quality has been discussed in detail (pp. 70-90) and fur-
ther discussion of chemical quality is deferred to the end of this sec-
tion in order not to interrupt discussion of the mechanics of exchang-
ing and replacing water.

DIVERSION REQUIREMENT FOR MOUNTAIN HOME PROJECT

The alternate plan fixes the gross water-diversion requirement for
new project land at 4.85 acre-feet per acre, computed as follows:

Acre-ft per acre

Consumptive USe_ - o o e 2.2

Canal and lateral losses and waste_ _ v oo ceommmae oo 1. 90

Deep percolation from the land._ .o oo _____ .75
Total o o e e e e 4. 85

The proposed delivery of water to farms under the alternate plan is
not stated as such but apparently would be 2.95 acre-feet per acre:
2.2 acre-feet for consumptive use and 0.75 acre-foot for deep per-
colation, or 74 percent of the 4.0 acre-feet per acre now delivered to
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Boise Valley farms. Theé writers know of no irrigated ‘area in Idaho
that operates voluntarily with a farm delivery of water as small ‘sis
2.95 acre-feet per acre. The original plan proposed a'water-diversion
requirement of 5.4 acre-feet per acre, plus rBdWersmn of some '.return
water.

The appropriate duty of water for Mountain Home lands depends
partly on operational procedures, irrigation practices, and other
factors with which the present report is not concerned. Hydrologic
and geologic factors that would materially influenice the duty of
water, however, are appropriate topics for discussion here,"

The alternate plan states (Sloan, 1953) that “This figure of 4.85
acre-feet per acre is identical with average diversions of Boise River
natural stream flow over the last 10 years.” Apparently it was as-
sumed that all diversions from the river above Notus are ‘“‘natural
stream flow.” Actually, however, in recent years these diversions
have included an average of 200,000 acre-feet of water that already
has been used once and is merely being recycled, according to records
of the Bureau of Reclamation in 1954. Additional water is diverted
from drains before it reaches the Boise River and the volume of
gross diversions is about 5.6 to 6.0 acre-feet per acre. Delivery of
water to farms in the Boise Valley ranges from about 3.7 to 4.5 feet
to individual farms, despite the advantage that summer rainfall
supplies about 0.2 foot of the consumptive-use demand. Presumably
very little consumptive use on the Mountain Home project would
be satisfied by rainfall during the growing season.

An appropriate estimate of diversion requirements for the Mountain
Home land probably could be made with farm-delivery requirement
-as g starting point. Transmission losses and recovery of return flow
then could be estimated and added to obtain the value for diversion
requirements.

In much of the Mountain Home plateau the soil is largely wind-
blown material overlying basalt; there are extensive sandy and graveily
areas. A somewhat similar area is the Minidoka North Side pumping
division of the Minidoka project. New land on that project cur-
rently is being developed with ground water, and the estimated duty
of water at well heads on or near farms is about 3.65 aere-feet per
acre. Thig is understood to include about 0.15 foot for transmission
loss and farm waste, leaving about 3.5 feet for farm delivery. So far
a8 climate and geologic materials are concerned, the water requirement
for the Mountain Home plateau probably would not be less than that
for the Minidoka North Side division. Improved irrigation efficiency
and extensive use of sprinkler irrigation might reduce the requirement
as much as 10 percent, or to 3.1 feet.

386771—57~—8
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The alternate plan allows 40 percent (1.9 acre-ft per acre) for ““canal
and lateral losses and wasta.”” The actual losses would depend on the
permeability of geologic materials at the surface and at shallow depth
beneath canals and irrigated fields. On the Mountain Home plateau
the older terrace gravel, alluvium of Indian Creek, and windblown
silt occur in substantial areas that would be irrigated and through
which canals would pass. These materials are similar in composition
and permeability to the younger terrace gravel, alluvium of Indian
Creek, and fine-grained sediments in the Boise Valley, through which
there are extensive canal systems.
Thus it must be assumed that transmission losses and deep percola-
tion on the plateau would be as great as, or greater than, in the
Boise Valley, where canal and lateral losses are 30 percent and farm
waste. is about 5 percent. The allowance of 40 percent under the
alternate plan total thus may be adequate. Recovery of water, at
least in early years of operation, would not be as extensive on the
plateau as it is in the valley, owing to differences in the subsoil and
geologic materials at shallow depth and to the depth to the water
table. In parts of the plateau the soil is underlain by tight basalt,
caliche, and fine sediments on which percolating water might perch
and ultimately be discharged to drainageways where it would be
available for rediversion. Perched or semiperched ground water
occurs in the vicinity of Mountain Home, where recharge is partly
from irrigation and would be increased by new irrigation. The
project water supply ultimately might be increased by pumping
perched ground water.
On the other hand, much of the plateau is underlain by permeable
basalt and sediments through which water would percolate downward
to the water table, some hundreds of feet below. Ground-water
recharge from irrigation will raise the water table to some new equi-
librium level which cannot be predicted. That level, however, may
be sufficiently high that ground-water will be discharged to surface
drainageways within parts of the project. Failing that, the depth to
water may be sufficiently small in some areas to permit economical
pumping from the regional zone of saturation.
The amount of water that could be recycled is indeterminate and in
any event extensive recycling would not be possible in early years of
. operation. Thus, only a small quantity of water for recycling could
‘be presumed in estimates of the initial diversion requirement.. As-

suming & requirement of 3.1 to 3.5 feet for delivery to farms, and
- transmission loss of 1.9 feet, the diversion requirement would be. 5.0
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to 5.4 feet, or near the requirement estimsted in the original plan.”
If the original-plan estimate is correct, and the diversion requirement
actually is 5.4 acre-feet per acre, then the area served under the
alternate plan would have to be reduced by 12,500 acres; that is,
by slightly more than the area of the Hillerest unit, or by 10 percent
of the total alternate-plan land.

AVAILABILITY OF BOISE RIVER WATER

The alternate plan assumes that 540,000 acre-feet of water will be
available in. the South Fork of the Boise River for diversien to the
Long Tom division. Records of the discharge of the South Fork
immediately below Anderson Ranch Reservoir cover only the period
since April 1943, during which runoff was somewhat more than normal.
The average yearly discharge during that period was slightly mere
than 600,000 acre-feet. The lowest discharge of record was 458,000
acre-feet in 1944; in several years the discharge was less than 540,000
acre-feet. The currently allotted irrigation-storage space in Anderson
Ranch Reservoir is 418,000 acre-feet. Evidently more of the available
space would have to be used for holdover storage, and this would de-
crease the amount of water available for power generation during the
nonirrigation season, as well as the total output of firm power. A
firm supply of 540,000 acre-feet thus is not available for the Long
Tom division from perennial river discharge. Availability of the
water’ therefore depends on availability of holdover storage, on reser-
voir operations, and on flow-routing procedures. '

There appears to be little question of the availability of 60,000
acre-feet of water for the Hillerest Division, but, in conjunction with
diversions from the South Fork, the entire river and reservoir epera-
tion would be involved. _

The availability of 225,000 acre-feet of surplus Boise River water
above Boise Diversion Dam is confirmed in the base-period average.
However, the exact place and the time of availability remain to be sub-
stantiated. The surplus is only part of the total diversion require-
ment of the alternate plan; its amount determines how much surface
water would not have to be replaced with ground-water. Thus, the
fact is decisive that, in 6 of the 20 base-period years, there was little
or no surplus surface water and there were actual deficits ranging from
3,800 to 107,000 acre-feet. A dry year or series of dry years would

7 After this report was prepared the United States Bureau of Reclamation released, in duplicated form,a
report on the alternate plan (Bur. Reclamation, Region I, Special Report. The alternate planfor Mountaim
Home Irrigation and Drainage project, Idaho, 83 p.: dated November 1954 but actually released in April

1955). According to thatreport the estimated diversion requirement is 5.2 feet for the Long Tom unit and
.55 feet for the Hillcrest unit, to permit farm delivery of 3.8 acre-feet per irrigable area.
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' require availability of water from holdover storage in Anderson Ranch
Reservmr Thus the whole water requirement of the plan depends on
‘ﬁperatlon of the reservoir and on downstream diversion requirements.

EXCHANGEABILITY OF SNAKE RIVER WATER

The alternate plan proposes to pump 150,000 acre-feet of Snake
River water into Lake Lowell to replace an equal amount of Boise River
water. As much as 150,000 additional acre-feet of water would be
‘pumped into the lake for temporary storage, later to be discharged by
gravity back to the Snake River through a power-generation penstock.
'The latter provision, incidentally, would provide reserve capacity
to pump additional replacement water from the Snake River in years
‘of short supply from the Boise. It has been suggested that the reserve
“capacity might be increased as a safety factor. Such an increase
“probably is not feasible, for operational reasons. '

Lake Lowell currently is filled yearly with live water from the Boise
River, diverted through the New York Canal and Deer Flat feeder canal.
"Substitution of live water from the Snake River would not alter the
“water-supply status of land served by the reservoir, which depends
on the live water and return flow therefrom. The estimated loss from
_the existing canals (see p. 47) contributes to usable return flow east
of Lake Lowell, but this could not be replaced at Lake Lowell. Ex-
change of Snake River water for an equal volume of Boise River water
would beé reasonable only if the exchange were for water delivered at
_the reservoir. Presumably, actual delivery of live Boise River water
at Lake Lowell is about 142,500 acre-feet (150,000 acre-feet less a
transmission loss of perhaps 5 percent).

The proposed extra pumping capacity on the Snake River could
provide a real reserve capacity to furnish replacement water. It
seems, however, that replacement in excess of 300,000 acre-feet a year
Would not be feasible because 300,000 acre-feet of live water, plus
diverted return flow derived therefrom, is a full supply for all land
served by Lake Lowell (Bureau of Reclamation records; 1954)—that is,
'no more than 300,000 acre-feet of Snake River water would be usable
‘in the Boise Valley on land served by Lake Lowell.

Feasibility of the power-generation provisions of the alternate plan,
including pumping from the Snake River, ma,mpulatlon of Lake
Lowell, and return of water from the lake to the river, depends partly
on geologic and hydrologic factors. The permeable basin of Lake
Lowell allows large losses of water by infiltration. Siltation gradually
has sealed the floor of the lake and reduced the rate of loss since the
reservoir was first filled, but loss still is substantial at high-water
stages, when reservoir content exceeds 100,000 acre-feet (figs. 23, 24).
The negative losses shown by the graphs are gains in reservoir
content from return of bank storage. Use of the high-level storage
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space during the irrigation season would increase the total yearly
loss, shift the time of the principal return seepage into the nonirri-
gation season, and probably cut down total return by shortening the
return period. Owing to these infiltration losses at high storage
levels, all the water pumped from the river would not be returnable,
acre-foot for acre-foot, to generate power. Moreover, if power
generation required a full reservoir when the storage level otherwise .
would be low, the ground-water regimen and drainage situation in
areas adjacent to the reservoir would be affected.

EXCHANGEABILITY OF BOISE VALLEY GROUND WATER

Ground water pumped under the alternate plan would include two
replacement categories, exchange water and offset water. The two
collectively are here called replacement water. Exchange water—
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225,000 acre-feet per year—is that which will replace exported river
water on an exchange ratio of unity. Offset water would be pumped
1o compensate the effects of diminished surface water in the valley.

EXCHANGE WATER

The alternate-plan proposal to exchange 225,000 acre-feet of ground
water for an equal amount of surface water implies that water from
the two sources is equivalent, acre-foot for acre-foot. That assumption
is correct only in a narrow sense. Ignoring the depletion of return flow
that will be caused by pumping ground water, in general a foot of
water at any point in the irrigated area has the same potential value,
whatever its source, and at the given point the given water will be
disposed partly by consumptive use, partly by ground-water recharge,
and partly by return flow and rediversion. Thus, under the alternate
plan there would be no essential qualitative change in the regimen of
diversion (considering pumping as a type of diversion), rediversion, or
application of water to the land. Quantitative changes, however,
would be substantial: the total amount of surface water in the valley
and the return flow from that water would be diminished, and return
flow would be further diminished, because ground-water levels would
be lowered by pumping.

. Presumably, for the alternate plan to be acceptable to Boise Valley
water users, an undiminished supply of irrigation water must be
assured. Such assurance would be possible only if the total effect of
the alternate plan on the water supply were foreseen and if provisions
were made, as necessary, to offset adverse effects. The return-flow
and rediversion regimen in the irrigated area is very complex. Inade-
quacies of available data prevent accurate quantitative analysis of
all the factors in this regimen. It is clear, however, that a simple
exchange of ground water for exported Boise River water, acre-foot
for acre-foot, would not assure continued delivery of an undiminished
water supply at farm headgates.

OFFSET WATER

Pumping of offset water is not provided for quantitatively in the
alternate plan, either in the estimates of construction, operation, and
maintenance costs or in the estimate of the required volume of
ground-water pampage. Under the alternate plan the amount of
water passing Boise Diversion Dam would be diminished by 600,000
acre-feet per year. Removal of much of this water would have little
or no effect on the return-flow regimen in the Boise Valley. Specifi-
cally, the 225,000 acre-feet of surplus river water never gets onto
irrigated land and does not enter the return-flow regimen. The
150,000 acre-feet that normally goes to Lake Lowell contributes a
few percent of its volume to ground-water recharge (transmission loss



- FEASIBILITY OF THE ALTERNATE PLAN ‘ 99

between diversion point and Lake Lowell). Part of this recharge
migrates to the Mountain Home plateau, and only the remainder
contributes to Boise Valley return flow. If this remainder is half the
total canal loss its amount is in the order of 20,000 acre-feet a year
(see p. 47); potential diminution of valley return flow in this amount
would be. relatively inconsequential. Thus, the dominant critical
factors are removal from the Boise Valley irrigation system of 225,000
acre-feet of surface water, and pumping 225,000 acre-feet or more of
ground water.

Water originating above Boise Diversion Dam has an effective
volume, on the irrigated lands, greater than its actual volume at the
dam, owing to salvage and reuse of return flow. The ratio of live
water to the effective usable volume on the land ranges between 3.8 to
5.8 and 4.1 to 6.0 (see pp. 36—37). The greater the distance from the
point of diversion the greater the usable net increase in the water,
owing to the greater number of times the water is recycled. For the
exchange area (east of Notus) the ratio of increase is somewhat less
than for the project as a whole, because replaced water is recycled.
fewer times. The ratio 1 to 1.6 has been suggested as an appropriate
average for the exchange area by the Bureau of Reclamation. Accord-
ing to that estimate it would require 1.6 acre-feet of pumped water
in the exchange area to replace 1 acre-foot of live water originating
above the diversion dam, and 360,000 acre-feet of ground water would
be required to replace 225,000 acre-feet of live water. If additional
ground water were pumped in years of short surface supply to com-
pensate a shortage of 75,000 acre-feet of live water, as suggested in
the alternate plan, the maximum ground-water pumpage would be
480,000 acre-feet.

The opinion outlined above holds, in effect, that the volume of
water pumped at any place on the project must equal the effective
volume of water diverted at Boise Diversion Dam. However, the
ratio 1 to 1.6 merely expresses the amount of return flow (1.6 feet)
that must be recovered and placed in the system in order to meet the
farm-delivery requirement of 4.0 feet. An alternative view is that
no offset water need be pumped for that land because return flow need
not be recovered for the land served by ground water.

Neither of the above viewpoints considers adequately the basic
fact that, in order to assure a continued full supply of water in the
Boise Valley, ground water would have to be pumped in whatever
quantity is necessary to offset the effects on the entire system of
removing 225,000 acre-feet of live surface water and of pumping re-
placement ground water. The first view, requiring an exchange ratio
of 1 to 1.6, makes no allowance for the effects of pumping. The
second view ignores the fact that removal of the surface water would
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affect return flow in all the exchange area and beyond that area, not
just in specified parts of it.

TOTAL REPLACEMENT WATER

The proposal of the alternate plan to export 225,000 acre-feet of
water would remove from the Boise Valley system 16 percent of the
1,400,000 acre-feet of live river water estimated to be required for a
full supply to Boise Valley lands. Return flow would be depleted at
least 16 percent. Actual depletion would be appreciably more than
16 percent because lowered ground water levels would diminish the
ratio of return flow to the live water remaining in the system. De-
pletion that would result from this cause is assumed here to be 20
percent of the return flow, or 80,000 acre-feet (1,800,000 acre-feet
gross diversion minus 1,400,000 acre-feetlive water supply equals 400,000
acre-feet return flow used, times 0.20 equals 80,000 acre-feet). The
implied total replacement water required would be 225,000 plus 80,000
or 305,000 acre-feet. Because of the method used for computation,
this would be true whether the pumped wells delivered water directly
to farms or delivered it to main canals and laterals. This simple
calculation, however, ignores the further depletion of return flow that
would ensue when ground-water pumping withdrew from storage
the water that maintains currently high ground-water levels and
return flow. In some areas of intensive pumping, return flow might
cease altogether. Indeed, it is basic to the effectiveness of the al-
ternate plan that lowering of water levels. must occur; otherwise there
would be no drainage benefit.

The depletion of return flow that will be caused by withdrawal of
ground water from storage cannot be estimated at this time. In-
evitably, however, pumping would lower ground-water levels progress-
ively to some undetermined equilibrium level. At some places the
lowering would be less than a foot. Elsewhere it would be a few feet
to some tens of feet. In much of the area usable return flow might
cease altogether. In that case questions of volumes of offset water
and exchange water would be academic—it would be necessary to
pump whatever water is needed to supplement that available from
the Boise River.

Heavy ground-water draft or substantially lowered ground-water
levels probably would intercept some of the present surface-water
supply by inducing greater loss from flowing canals and drains, at
least locally (see p. 67). Such interception would require pumping
of additional offset water, the amount of which cannot be estimated
from data at hand. From the above considerations it is evident that
the ground-water pumping required in 8 normal year under the alternate
plan probably would be substantially more than 300,000 acre-feet a year,
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rather than 225,000. If depletion of return flow becomes widespread
the required volume of pumpage might rise to 480,000 acre-feet or
more. If extra ground water were pumped in years of short surface
water supply, total pumpage might approach 500,000 acre-feet a
year. In other words, the ratio of replacement to exported water
probably would not be less than 1.3 to 1 and in dry years might ex-
ceed 2 to 1. '

AVAILABILITY OF BOISE VALLEY GROUND WATER

The alternate plan states that 225,000 to 300,000 acre-feet of ground
water is available and accessible within an area where its recovery
and exchange for surface water would be practicable. The area of
practicable recovery and exchange is called herein the exchange area
(fig. 11). Within the lowland some substantial outlying areas
contribute to the exchange area by ground-water underflow. The
northern highland also contributes by underflow to the lowland.

The estimates on pages 42, 43, and 47 of this report indicate that
potential yearly recharge in the confributing area is about 86,000
acre-feet by underflow from the northern highland, 35,000 acre-feet
from the eastern upland; and about 320,000 acre-feet from irrigation.
Thus the potential total from all sources is 554,000 acre-feet. Identi-
fied ground-water depletion currently is about 232,000 acre-feet, but
much of the depletion occurs west of the contributing area. The
residual, uncommitted potential recharge thus is more than 322,000
acre-feet and possibly approaches 400,000 acre-feet. The amount of
the potential that actually becomes recharge is not known but may
approach the amount of replacement water that ordinarily would
be pumped under the altérnate plan—300,000 to 400,000 acre-feet.

Exportation of 225,000 acre-feet of surface water would lessen
potential ground-water recharge somewhat, as has been shown, but
certain compensating factors would operate. Without the alternate
plan, future diversion of surface water to the Boise Valley probably
will approach a full supply of 1,400,000 acre-feet, because operation
of Anderson Ranch Reservoir has increased the supply of divertible
live water. Under this regimen the volume of potential ground-water
recharge from irrigation would be 809,000 acre-feet per year -(see
p. 47) less 20,000 acre-feet lost by underflow to the Mountain Hemse
plateau, or 789,000 acre-feet. (Note that that amount would be
potential recharge; some of the water would run off at the surface
without recharging ground water.) Exportation of 225,000 acre-feet
of surface water would diminish potential recharge from irrigation
to about 584,000 acre-feet a year in the entire irrigated area, or about
105,000 acre-feet less than the 689,000 acre-feet of potential annual
recharge during the base period. Distributed proportionately,- the
decrease in the exchange area would be roughly 57,000 acre-feet.
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Lowered water levels, caused by pumping ground water, would
diminish natural ground-water discharge and increase the amount of
recharge that could be accepted; that is, so long as recharge is being
rejected, pumping may cause recharge to increase, thus automatic-
ally providing for partial replenishment of the pumped water. Erad-
ication of water-loving native vegetation, whose consumptive use is
large, also would increase the amount of uncommitted ground water.

Evidently, owing to the interplay of various factors in the water
regimen of the Boise Valley, the amount of actual ground-water
recharge under the alternate plan would not be much less than it is
at present. Potential perennial recharge in the contributing area
still would be in the range of 300,000 to 400,000 acre-feet a year, and
actual recharge might be about equal to total replacement pumpage.

ACCESSIBILITY OF THE GROUND WATER

Granting that the required amount of water is available for pump-
ing in the Boise Valley, a crucial remaining question is what part of
the total supply is accessible. That is, how much can be intercepted
and used during the pumping season? The feasibility of the entire
alternate plan hinges largely on the answer to this question, because,
if the required amount of water cannot be obtained, the rest of the
plan will be largely unworkable.

It is not possible to intercept and recover by pumping all the
perennial ground-water recharge because natural ground-water dis-
charge, a continuous year-round process, cannot be stopped alto-
gether. Moreover, pumping would occur during less than half the
year. Although the pumping and irrigation seasons would coincide,
not all the recharge from irrigation could’be recovered. Discharge
and uncommitteed potential recharge probably do not exceed the
total probable pumping demand and it would not be feasible to
recover 100 percent of the total supply. Thers are, however, two
mitigating features: Some ground water may be pumped outside the
exchange area if depletion of return flow requires offset water to be
pumped west of Caldwell. About one-third of the pumped ground
water would be consumed by crop plants and about two-thirds would
become potential return recharge. Net ground-water depletion under
the alternate plan would be on the order of 100,000 to 150,000 acre-
feet a year. Return recharge would lag somewhat after pumping,
so that depletion at the close of the irrigation season would be less
than pumpage but more than ultimate depletion.

Seemingly, ground water to operate the alternate plan is available
in the required average yearly volume of 300,000 to more than 400,000
acre-feet. Whether that quantity could be withdrawn yearly within
the 6-month irrigation season and without local temporary mining of
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some water (lowering of water levels below a reasonable maximum
pumping lift) remains uncertain. Furthermore, it is not certain
that mined water would be replenished before the onset of another
irrigation season and there is no assurance that withdrawal of ground
water at the desired average rate would be practicable in all parts
of the valley for all time. To answer these fundamental questions
would require intensive investigation, possibly as suggested on pages
114-115. The prospects warrant such investigation.

WELL DISTRIBUTION AND CHARACTERISTICS

The alternate plan proposes to install 450 irrigation and drainage
wells, spaced one-fourth mile apart and ¢ adjacent to each of the main
supply canals below the Boise Diversion Dam.” The plan assumes
that the wells would have an average capacity of 2 cfs, that the gross
pumping capacity would be 900 cfs, and that 225,000 acre-feet of
water would be pumped during a season of 125 days.

CAPACITY AND NUMBER OF WELLS

Wells distributed equally in the four ground-water districts of
the Boise Valley probably would have an average capacity of 2.6 cfs or
more, with a 30-foot drawdown (table 21, p. 59). The number of wells
presumably would be proportionately large in the Nampa and Merid-
ian districts, where the average capacity of existing wells is 2.7 cfs
with 30 feet of drawdown. The gross capacity of 450 such wells
would be 1,215 cfs, or 301,000 acre-feet in a 125-day pumping season.
Extending the season to 180 days would increase the seasonal capacity
to 433,000 acre-feet. With greater drawdown still greater yields
could be obtained. Thus, the number of wells specified in the
alternate plan probably would suffice to deliver all replacement water
necessary in ordinary years. If extra water were to be pumped in
dry years either the number of wells might need be increased. or the
cost of higher pumping rates with greater drawdown would need be
accepted.

DISTRIBUTION OF WELLS

The alternate plan proposal to locate wells at quarter-mile intervals
along all main supply canals below Boise Diversion Dam assumes
that well sites can be selected entirely on the basis of convenience for
delivering the pumped water. This proposal is not feasible because at
many places lowering of the water table by such wells would increase
percolation losses from canals having permeable floors, the wells
would not effectively drain some areas remote from the canals, where
drainage is most needed, and interference between wells Would be
unnecessarily great.
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EFFECT ON PERCOLATION LOSS FROM CANALS

Loss of water by percolation out of canals and laterals is substantial
in parts of the Boise Valley, overall loss being 25 to 30 percent of
«diversions (including some canal- and ditch-end losses, which cannot
ibe segregated). Long reaches of some canals are continuous with the
‘water table. Pumping from wells along such canals inevitably would
increase percolation loss at some places (see p. 67) because the lowered
water table would increase the hydraulic gradient out of the canals.
Water drawn out of canals and pumped back in would be merely
recirculated, and hardly could be considered as replacement water.
~ Canals that are in impermeable earth material, or that are lined
with sealing materials, would not be affected materially by pumping
nearby wells. Also, canals that are above the water table, as seems
to be true of much of the New York canal, would not be affected.

Relatively free circulation of water from a canal to the water table
is illustrated in the vicinity of well SN—2E—25bb2, which is about 400
feet from the Ridenbaugh Canal on the Broadway terrace. The
water level in the well rose about 5 feet within 11 days after water
was turned into the canal in the spring of 1954. This rise was caused
by rapid ground-water recharge with water lost from the canal.
Similar conditions are common in parts of the Boise Valley adjacent
to most principal canals.

' Obviously, it would not be feasible to install a large number of
wells indiscriminately along any and all canals, Intensive field study
would be necessary to delineate canal segments where excessive
percolation loss would be induced by draft from wells.

" Inasmuch as the available water supply occurs in both artesian
and nonartesian aquifers, it might be feasible to tap artesian water in
some areas where it would not be feasible to pump shallow water.
Pumping certain deep artesian aquifers would have no effect on canals
even if they were close at hand.

INTERFERENCE AMONG WELLS

Inasmuch as the radius of appreciable influence of an ordinary
pumped well in the Boise Valley is about 2 miles, pumping from one
well in a line of wells spaced at intervals of one-quarter mile would
lower the water level in the nearest eight wells on either side. Simul-
taneous pumping of all wells would produce & drawdown in each
equivalent to its own normal drawdown plus the cumulative draw-
downs from the 16 wells within its area of influence.

" Application of drawdown data for four Pioneer Irrigation District
wells illustrates the foregoing statement. The average drawdown in
the pumped wells was 23.8 feet. The computed average drawdown
(table 18, p. 56) after 30 days of pumping was 3.9 feet at a distance
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of one-quarter mile away, and 3.0 feet half a mile way. Assuming
that wells were spaced, in line at quarter-mile intervals, with the
average drawdowns stated above, the approximate drawdown in &
given well during pumping of five wells would be as follows:
’ ’ ‘ " Dramdown

' (féet)
From pumping the given well . . _____________ . 23. 8
From pumping two wells, one on either side, at a distance of one-quarter-
mile (3.9 2) o e e e 7.8
From pumping two wells, one on either side, at a distance of one-half
mile (3.0X2) o e - 6.0
Total . _ ..o e e mm——————— 37. 6

After pumping for 180 days the total drawdown would be 43.8
feet. By the same method the cumulative drawdown during pumping
of all wells within the area of influence could be calculated. The
drawdown at a lateral distance of 2 miles from the line would be less
than a foot. These calculations disregard the simultaneous recharge
that would ensue if the pumped water or surface water were used for
irrigation within the pumped area, and also any effect of induced
recharge from canals. With such recharge the actual net drawdewn
would, of course, be less than that just calculated. ‘

Given such interference between wells, pumping along the New
York Canal would have appreciable a,dva.nta,ges (1) The ground-
water divide, now near the canal, would shift southward and some
ground water that now passes into the Mountain Home plateau would
be drawn into the Boise Valley. (2) In much of its course the eanal
seemingly is above the water table, and pumping along such segments
would not increase percolation losses. Thus, from the sole standpoint
of water production, pumping adjacent to the New York Canal may
be desirable. Drainage benefits from these wells, however, might
be small,

DEPTH AND PUMPING LIFT ’

The alternate plan states that the average depth of irrigation and
drainage wells in the Boise Valley would be about 60 feet. The actual
average well depth that would be necessary is not a critical factor in
the physical feasibility of developing ground water, but it is a material
factor in the cost of construction. The average depth of existing
irrigation and drainage wells in the Boise Valley is about 124 feet. .
The average depth of the wells in the Pioneer Irrigation Distriet, the
most productive ground-water district in the valley, is 132 feet.

An average depth for wells that would be constructed umnder the
alternate plan could not be estimated closely until the locations haye
been determined. Along much of the New York Canal the depth.to
water is 50 to 100 feet and the average depth of wells there would
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approach 150 feet. Elsewhere in the valley wells probably would be
75 to 150 feet deep, with an average of more than 100 feet. Wells
to tap artesian water would be as much as 400 feet deep, and in
places perhaps even more.

The average pumping lift also would depend on the locations of
wells. Along the New York Canal the lift probably would range
from about 80 to 130 feet. Elsewhere the pumping lift would range
from a few feet to about 80 feet. In general it seems likely that the
average depth of wells would be between 125 and 150 feet, and the
average pumping lift probably would be between 60 and 80 feet.

DRAINAGE BENEFITS

The alternate plan asserts that pumping 225,000 to 300,000 acre-feet
-of water annually would lower the water table 4.5 to 5 feet beneath
225,000 acres of land. This assertion seems to be unfounded (see p.
54). Furthermore, gang pumping of wells along main supply canals,
as proposed in the plan, would not accomplish satisfactory drainage

" because much of the land needing drainage would be remote from the
area of influence of wells so placed.

In this instance the basic factors that would control drainage bene-
fits are the ability of well pumping to prevent the water table rising to
‘undesirable levels, and the net amount of ultimate lowering of the
water table in waterlogged areas. For substantial draihage benefit,
the alternate plan would need be modified by dispersing irrigation and
drainage wells in groups throughout the exchange area, with individual
wells at critical locations. Even with such modification the ultimate
drainage effect would not be felt immediately. The water table
would decline progressively for some years, but neither the time lapse
until equilibrium would be reached nor the depth of the water table
at ultimate equilibrium can be estimated accurately from information
now available.

Despite these uncertainties, suitably located wells and groups of
wells would lower the water table or decrease its rise by at least seveéral
feet in many areas, especially because replacement pumpage neces-
sarily would exceed substantially the amount assumed in the alternate
plan. Very likely the lowering would range between wide extremes,
from a fraction of a foot to some tens of feet. Many wells probably
would be satisfactory both for drainage and for production of irrigation
water. Maximum efficiency for both purposes, however, would not
necessarily be achieved. Where economical water production is a
sole objective, highly permeable aquifers would be sought in areas
where pumping lifts would be low and where the water-could be used
efficiently. Effective drainage wells, on the other hand, would need
beJoeated where they would lower the water table bemehth'firess that
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require drainage. Hence some drainage wells necessarily would be
placed where aquifers are less permeable, where heavy drawdown

therefore would occur, and where water might be used only inefficiently
if at all.

COST OF WELLS AND PUMPS

Cost analyses have not been made for this report because properly
they are a part of the engineering evaluation of the alternate plan.
Factors that would affect these costs, however, are appropriate for
notation here.

The average depth of wells would be between 125 and 150 feet and
the diameters of casing between 18 and 24 inches, depending on the
type of construction necessary for a specified yield at a specified loca-
tion. In much of the Boise Valley, well screens or special types of
perforated casing would be necessary and considerable development
of the wells would be required for satisfactory well performance. The
alternate plan estimated the average well depth at only 60 feet, and
simple open-end construction probably was assumed to estimate an
average cost of $6,700 per well. It is apparent, however, that the
cost of individual wells would be substantially greater, owing to con-
struction requirements different from those assumed. On the other
hand, adequately constructed wells should average at least a third
more in yield than the plan assumed. This greater yield would offset
some part of the greater cost per well.

CHEMICAL SUITABILITY OF REPLACEMENT WATER

The water-exchange proposal of the alternate plan does not consider
the chemical suitability of the ground water for irrigation, though
such quality is a fundamental factor. The preceding analysis of irriga-
tion suitability of Boise Valley waters (pp. 70-85) shows the follow-
ing basicsituation: ]

1. Some ground waters are of excellent quality for irrigation but
others entail a substantial salinity hazard or sodium hazard, possibly
an intolerable hazard, for certain soil types or crops.

" 2. The present areal distribution of unsuitable waters cannot be
delimited from information now in hand, except that such waters
have been found in wells scattered in the valley west of Kuna and
Meridian. The distribution might be such as to limit seriously the
area or areas within which replacement pumping would be advisable.

3. The valley may be on the verge of an unfavorable salt balance,
at least locally or for years of low streamflow. As proposed, the al-
ternate plan inevitably would cause the salt balance to become less
favorable.

Under these circumstances, the writers believe that the irrigation
suitability of Boise Valley waters would need to be explored inten-
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sively before its full impact on the alternate plan could be appraised.
Current information shows a possibility that operation of the plan,
as now proposed, in time might depreciate water quality sufficiently
to impair the agricultural productivity of parts of the valley.

PRINCIPAL CONCLUSIONS

. To operate satisfactorily for an indefinitely long time the alter-
nate plan must assure perennial availability of an adequate water
supply for the Mountain Home project; perennial availability of an
undiminished supply of chemically suitable irrigation water for Boise
Valley land; decisive and widespread drainage benefits to Boise
Valley land.

The general conclusion of this report, from ana,lys1s of specific ele-
ments of the plan, is that substantial modification of the alternate
plan would be required to adapt it to limitations imposed by the
geologic and ground-water environment. Furthermore, because the
plan is ambitious in scope, considerable study would be necessary
prior to construction. The principal physical modifications would be
in the proposals to pump only 225,000 to 300,000 acre-feet of ground
water a year, and to pump this water from wells at quarter-mile inter-
vals along existing main canals. Thorough study would be needed
of the return-flow regimen in existing drainagewsays, of the effects of
pumping on return flow and on drainage problems, of the sources and
actual amounts of ground-water recharge, of the chemical quality of
all sources of water, and of several other specialized problems.

Twelve principal elements and several subelements of the alternate
plan are listed in table 26, a summary of the analysis and principal
conclusions. Three of the principal elements involve engineering and
economic factors outside the scope of study by the Geological Survey,
but they involve geologic and hydrologic factors discussed in this
report. Of the remaining 9 principal elements, 5 definitely are in-
feasible in the form proposed in the alternate plan; the feasibility of
2 elements is questionable; only 2 definitely are feasible. .

Modification of the plan would render some of the infeasible and
questionable elements feasible, but the feasibility of other. eritical
elements is not resolved. Specifically, it cannot be assured at this
time that the full amount of ground water actually required by a
modified plan is available and accessible during the irrigation season.
Moreover, some ground water in the Beise Valley is chemieally. unde-
sirable, and. operation of the alternate p!a,n»would aggrava.te problems
of water quality. : , . o
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TABLE 26.—Feasibility of specific elements of the alternate plan

[Leaders in feasibility column means that determination of ultimate feasibility involves engineering or other
factors not within the scope of this report]

Element of plan

Remarks

1. Diversion requirement for
Mountain Home project land:
4.85 acre-ft/acre.

2. Diversions from Boise River to
Mountain Home project: 600,
000 acre-ft/yr.
a. Assumed surplus yield of
Boise River: 225,000 acre-
ft/yr.

b. Assumed yield of South Fork
of Boise River: 540,000 acre-
fi/yr, divertible to Long
Tom division,

¢. Assumed yield of Boise River
at Lucky Peak Dam: 60,000
acre-ft/yr, divertible to
Hillerest, division.

3. Exchange of 150,000 acre-ft/yr of
Snake River water, pumped
to Lake Lowell, to replace
equal amount of Boise River

water.

4. Pump to Lake Lowell up to
150,000 additional acre-ft/yr of
Suake River water, manipu-
lating it, during return from
the reservoir to the river, to
generate supplemental elec-
trical power,

5. Pump Boise Valley greund
water to replace Boise River
water.

6. Availability of ground water re-
quired by alternate plan.

7. Accessibility of ground watetre- |

9mred by alternate plan.

;I"

886771—67——9

Feasibility
As pro- | Modified
posed
Yes__... Yes.....
No...__. Yes_____
Yeos..... Yes.....
() JONE G -

Estimate is optimistic. Geologic data, and the
water duty in geologically similar areas in
Idaho, suggest that, in order to make ade-
quate farm delivery, the diversion require-
ment may be near that estimated in the
original plan—about 5.4 acre-ftfacre.

Availability not demonstrated at time and
places where diversions would be made,

Surplus is present but time and place of avail-
ability depend on reservoir operation and
flow routing. Fact of surplus has little sig-
nifieance or value unless full requirement of
600,000 acre-ft is available and divertible.

Serious water 'Shortaﬁes oceurred in 6 of 20 years
in base period. Holdover storage space in
Anderson Ranch Reservoir would be re-
quired; use of this space for irrigation water
would diminish firm-power output.

Undoubtedly available, considered alone, but
availability in overall plan would be tied ta
upstream diversions and reservoir operation
(item 2b).

Replacement is feasible in prineiple and
amount could be increased to usable maxi-
mum of 300,000 scre-ft. Determination of
physieal and economie feasibility is beyond
scope of this report.

Operating Lake Lowell for power generation
would change reservoir regimen: volume and,
seasonal pattern of percolation loss and
seepage gain in reservoir would affect offi-
ciency of power generation because full
volume of pumped water would not be avail-
able for return through generator penstocks.
Ground-water regimen adjacent to reservoir
probably would not be greatly affected.

Volume-for-volume replacement by pumping
only 225,000 to 300,000 acre-ft is not feasible.
Return water, currently rediverted for use,
would be depleted and offset water, in addi-
tion to exchange water, would be needed for
effective full replacement. Pumpage would
be in whgtever volume is necessary to assure.
undiminished supply of water to Boise Valley
land. Total replacement pumpage might
amount to more than 400,000 acre-ft/yr. .

Amount of ground water assumed by plan is
available. Replacement-water demand, how-
ever, apparently would be abouit equal to
estimated uncommitted potential ground-
water yleld of contributing area. Amount of
uncommitted water could be increased by
control or eradication of water-loving native
vegetation. Evidence at hand does not per-
mit estimation of the actual (as opposed to
apparent) perennial ground-water supply.
Exchange water would serve at least 50,000
acres of cropland. Net depletion of ground
water by consumptive use probably would
not greatly exceed 100,000 acre-ft/yr. Uncon-
sumed ground water would be available for
return recharge. Question of availability of
water requires intensive study.

Amount of ground water assumed by plan
probably is accessible, Replacement water
in amount apparently required by modified
plan (400,000 acre-ft or more & year) probably
not recoverable within exchange grea during
pumping season unless substantial part of
uncansumed pnmped water returns to zone
of saturation and becomes available for re-
eycling during irrigation season, Problem
requires more study.
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TaABLE 26.—Feasibilily of specific elements of the alternate plan—Continued

Feasibility
Element of plan Remarks
As pro- | Modified
posed

8, Capacity of 450 wells to deliver | No._.._. YeSaan-- Sixty-foot wells (perhaps of open-end construc-
required water. tion), assumed by the alternate plan, would

not deliver required water.
a. Depth of wells and pumping | No_.____ Yes....- Average depth of adequate wells probably
lift: 60 and 65 fect. would be between 125 and 150 feet, pumping

lift between 60 and 80 feet.
b. Average yield of wells: 2 ¢fs..j No._.___ Yeos-... Wells averaging 60 to 65 feet deep would not

average 2 -cfs in yield, owing to inguficient
entrance area for. water. Deeper wellsiaver-
aging between 100 and 150 feet in depth would
average about 2.6 cfs with 30 feet of draw-
down, and more with greater drawdown.

¢. Pumping season of 125 days..{ No_.____{ Yes__.._. Water requirement of 400,000 acre-ft or more of
replacement water could not be pumped in
125 dag from wells assumed in Alternate

[

Plan. eper wells, averaging 2.6 cfs in yield,

could produce required water in 180 days.
9. Space wells, one-fourth of a mile | No_.._._ No....-. ‘Wells so spaced might have adequate capacity
apart, along main canals, bnt (1) average depth of wells and pumping

lift would be greater than for dispersed wells,
{2) interference between wells might be un-
necessarily great, (3) percolation loss by some
canals would be increased, (4) drainage bene-
fits would be inadequate more than 2 miles
fromm pumped wells, and in areas of heavily
leaking eanals would be inadequate beyond
even shorter distances. Wells could be dis-
persed, however, throughout the exchange
area for maximum dusl efficiency for water
preduction and drainage. Dispersal, in gen-
eral, would be consistent with efficient water
delivery but might increase cost of construe-
tion, especially for power transmissiou.
Some wells would accomplish drainage only,
where water produced could not be uséd effi-
ciently. Some, wells may be required for
drainage outside the exchange area.
10, Lower water table 4.5 to § feet | No._._._ Yes....- Wells specified by alternate plan would not
beneath 225,000 acres of land. have this effect; that is, drainage would be
unsatisfactory becanse principal drainage
would be in belt within 2 miles of lines of
wells, including land not needing drainage.
Owing to wide range in capacity of saturated
materials to yield water, lowering of water
table by pumpj wou_ld not be uniform in
affected area, and equilibrium level would
not be reached in first year of operation.
Decline of water table would be progressive
in suecessive years until new equilibrium
was reached at average level more than 5 feet
lower than present water table.
11. Cost per well, $6,700. .. .cocn---. No...... No...... Average cost of wells would exceed substane
tially the alternate plan estimate, whether or
not the plan is modified. .
12. Chemical suitability of ground | (?)...._. (9 J—. Some ground waters sultable for irrigation;
water in the Boise Valley. others unsuitable for the types of soils present.
Alternate plan, by causing maore rense-of
water and by reducing dilution of ground
water with surface water, inevitably would
depreciate quality of both surface water and
ground water. Further study is necessary
to appraise adequatelmhe feasibility of this
element in alternate plan.

COMPETENCE OF AVAILABLE DATA

The basic data available at this time are not adequate for final
evaluation of the feasibility of hydrologic features of the alternate
‘plan, modified or unmodified. Principal deficiencies in the data were
noted in various parts of this report, but it seems appropriate to
summarize them at this point.
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1. The area actually irrigated in the Boise Valley, and its distribu-
- tion, are not accurately known. Some tracts supposedly irrigated
‘with surfa¢e water contain shallow ground water that adequately
subirrigates crops, and water is not spread on the surface. Most
Boise River bottom land apparently is excluded from the reported
irrigated area, yet it has been observed that some of this land actually
is irrigated. Also, land irrigated with ground water is not included
in most published: estimates of the irrigated area.

According to published data the net irrigated area in the Boise
Valley is substantially less than the 356,000 acres that was reported
to be irrigated when the valley projects were completely constructed.
Some current estimates indicate as little as 316,000 irrigated acres.
Owing to private ground-water development, subirrigation, and un-
gaged diversions, the total irrigated acreage, however, may exceed the
estimate of 340,000 acres that is used in this report. Until the acre-
age is accurately known, neither the duty of water nor the total
consumptive use of water can be estimated accurately. Good in-
formation is lacking also on the total area occupied by native water-
loving vegetation and on the amount of water consumed by such
vegetation. These deficiencies in information preclude accurate
determination of the water budget of the valley and of the effects
that development under-the ajternate plan would have on-that budget.

2. Data on total divéersion and diversién reguirements:are not
entirely adequate. All major diversions, including those of return
water in the river and in drains, apparently are gaged. However,
there may be many ungaged minor diversions, and some canals gain
appreciable amounts of water by effluent seepage of ground water.
The estimated aggregate volume of ungaged diversions and effluent
seepage is about 200,000 acre-feet a year according to the Bureau
of Reclamation, but the degree of accuracy of this estimate cannot be
determined at present. Inasmuch as total diversions and net irri-
ga;t,ed area are not accurately known, the overall gross duty of water
is mdetermmate -

. The amounts of ground-water recharge and dlscharge in the
Bmse Valley and adjacent tributary areas are unknown. Estimates
in this report are largely of potential recharge and discharge, and
these probably differ substantially from the actual amounts, Lack
.of year-round records of the increments to canals and drains from
ground-water discharge, and of records of segmental loss and gain for
the Boise River from Boise Diversion Dam to the river mouth, pre-
vents accurate calculations of recharge and discharge and of the
-extent to which pumping a large battery of wells would influence
.matural ground<water.discharge into surface:drainageways.
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4. The full extent and nature of the drainage problem in the Boise:
Valley are not known. The map (pl. 4) indicates the area of potential
drainage problems—Iland in which the depth to water is less than 10.
feet. The part of such land that actually is damaged by water-.
logging could be determined readily where the waterlogging is caused
by unconfined shallow water. Study would be required, however, to-
delineate areas where waterlogging is by upward leakage from artesian
aquifers. Drainage wells would be effective only if they tapped the-
water that is directly causing the waterlogging. Delineation of
artesian-leakage areas would be a necessary prelude to the installation
of drainage wells under the alternate plan.

5. The alternate plan excludes from consideration the part of the-
Boise Valley north of the Boise River, and the present report con-
tains very little information about that part. Nevertheless the north.
and south sides of the valley are geologically similar and are hydro-
logically inseparable. Hence, water-supply and drainage problems.
are valley wide. Data are lacking on the occurrence of ground water-
in the Black Canyon project, and the influence of that project on.
drainage and water-supply problems in the north-side lowland is.
growing. Deficiency in data of all kinds for the north side area is.
an obstacle to complete evaluation of the alternate plan, or of any-
other plan for comprehensive, basinwide water management.

6. Records of the discharge of the Boise River above Boise Diver--
sion Dam, at Boise, and at Notus are adequate for their specific pur-
poses. The gage at Notus, however, does not show the total surface-
outflow from the Boise Valley. Reasonably accurate records of such.
diccharge would be essential to compute total ground-water recharge.
and ground-water outflow from the Boise Valley. Records are lack--
ing also of the discharge of surface water in drains and ditches that
are not tributary to the Boise River, but discharge to the Snake..
These records are needed also to compute ground-water recharge.
and outflow.

7. Lack of data on evapotranspiration in the Boise River basin,
above Boise Diversion Dam precludes determination of the amount
of ground water that reaches the valley lowland by underflow. The-
rate of underflow estimated in this report may be materially in error,.
but the amount of water is small compared to the total supply in the.
Boise Valley.

8. Information about hydrologic characteristics of earth materials
in the Mountain Home plateau is msufficient for an evaluation of”
water diversion requirements for irrigation. The effects of irrigation.
on ground-water storage in the plateau can be surmised' only roughly
from scanty subsurface information. Geologic study of the plateau:
i8 needed.
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9. The chemical quality of water in the Boise Valley is poorly
known from short-term systematic study of a segment of the Boise
River, and from samples from a few wells and other sources. The
distribution. of chemical classes of water in the valley is known only
in a very general way. The available data show that some water in
the valley is undesirable in quality. The need for comprehensive
information on this factor in the water-management program is
obvious.

GENERAL EVALUATION OF THE ALTERNATE PLAN

'The alternate plan recognizes the basic principle that, in the ulti-
mate analysis, ground water and surface water are two components
of a single resourcé. Failure to develop and manage both components
effectively is the root of the drainage problem in the Boise Valley,
where ground water has been considered largely as a nuisance. The
alternate plan, in principle, proposes total water management that
would turn the nuisance into an asset. Nevertheless, by ignoring the
lowland north of the Boise River, the plan fails to recognize that the
-entire valley is a hydrologic unit. The plan also would seek to fur-
nish usable water and drain wet land by pumping wells at sites selected
arbitrarily, overlooking natural geologic and topographic factors that
would control the effects of pumping.

The chief modifications needed in hydrologic features of the alter-
nate plan would be in the pattern of well installations, the construc-
tion characteristics of wells, and the amount of ground water pumped.
These modifications would change the basis for computing the cost
.of well construction and pumping, water delivery, drainage benefits,
and other elements of the plan.

The alternate plan treats the drainage problem in the Boise Valley
as an emergency. Though the drainage situation is bad and is grad-
ually worsening, this ‘“emergency’” has existed for more than 30
years. No need is apparent for a ‘“‘crash’ program, initiated without
-adequate data and without reasonable assurance that the overall
plan, even though extensively modified, is feasible. The effects of
ground-water pumping on long-term water-level trends or on the
flow of drains cannot be forecast with reasonable sccuracy at this
time. Likewise, inasmuch as water rights are well established on
-drain-ditch water within and beyond the exchange area, there is no
basis for estimating the number of adjustments and exchanges of
water rights that may become necessary. Difficult negotiations would
be necessary prior to construction, to arrange for shifting points of
-diversion and to gain acceptance of substitute water supplies. Ob-
viously it would be necessary to assure present water users of a supply
#hat is adequate in quantity, suitable in quality, economically acces-
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sible, and capable of efficient delivery where it is needed. The
alternate plan does not provide such assurance.

Unresolved major hydrologic problems that concern the heart of
the alternate plan are in three principal categories; namely, the
amount of ground water that actually must be pumped to replace
live surface water and return water; the amount of ground water
that is perennially available and accessible; the chemical suitability
of the ground water and the water-management practices necessary
to forestall an unfavorable salt balance. In the present report the
necessary amount of replacement water has been estimated only
crudely, and within possible maximum limits. Availability of the
water seems probable, but there is reasonable doubt of its accessi-
bility within the exchange area. Only the general dimensions of the
chemical-quality problem are established. Until the problems in
these categories are resolved, effective operation of the alternate plan
for an indefinitely long time cannot be assured.

An intensive hydrologic study alone would not completely resolve
all major problems because not all the unknown and indeterminate
variables in the water equation could be eliminated. Nevertheless,
attack upon the problem is not necessarily at an impasse. Intensive
study and observation, along with partial execution of the alternate
plan, probably would lead to a solution. A trial-and-studysuggestion
is outlined below.

SUGGESTED PRACTICAL TRIAL AND STUDY

The Hillcrest division, containing 12,000 acres, would require
water diversions of about 60,000 to 65,000 acre-feet, depending on
the duty of water and transmission losses. Construction of the
Hillerest division might be done economically, independently of the
Long Tom division for the time being. Although surplus Boise
River water is adequate for the Hillerest division, replacement water
nevertheless could be pumped during a trial and observation period.
This would not preclude ultimate development of the Long Tom
division, on a distributed- cost basis, if an ultimate feasibility finding
is made. On the other hand, the Hillcrest division could be expanded
and remain as a feasible independent unit if ultimately it is found
that the whole plan is not feasible. In the latter event the Hillerest
division could be enlarged, if desired.

Development of the Hillcrest division would not necessarily com-
mit the constructing or operating agency to an overall plan whose
feasibility is now indeterminate. At the same time the development
and operation would assure realistic appraisal of the feasibility, and
accurate computation of cost of the full alternate plan, because
information would be obtained on the following important factors:
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1. Duty of water for farm delivery, transmission loss, and total
diversion requirement for plateau-type land.

2. Effect of application of irrigation water on the plateau, such as
the development of perched water that may cause drainage problems
in the new land, and the extent to which return flow may become
available.

3. Suitable construction characteristics, depth, pumping lift, and
production rate from one or more groups of wells in representative
types of areas.

4. Drainage efficiency of pumped wells situated where pumped
water can be used effectively.

5. Effect of continuous heavy pumping on the water table and on
the discharge of ground water (return flow) to drains and to the Boise
River.

6. Effect on the ground-water divide (near the New York Canal) of
applying water to the Hillcrest division and of putping north of the
divide. Infiltration of irrigation water would tend to build up the
water table beneath the Hillerest division; this build-up, along with
heavy pumping north of the ground-water divide, would tend to shift.
the divide southward, thus increasing the area in which ground water
is tributary to the exchange area in the Boise Valley.

7. Change of chemical quality of water within the areas of pumping
ground water. The change probably would not be great during a
small-scale development, but the trend of changes would be very
significant.

LITERATURE CITED
Carr, James K., 1953, Alternate plan for Mountain Home irrigation and drain-
age project, Idaho. Memorandum report on an alternate plan, Mountain
Home irrigation and drainage project, Idaho (prepared at the request of
Hon. Hamer H. Budge, Member of Congress): Comm. on Interior and
Insular Affairs, Comm. print no. 4, U. 8. House of Representatives, 83rd.
Congr. 1st sess., 37 p.
Carter, George N., 1926, Well pumping for drainage and supplemental irrigation:
tn Fourth Biennial Rept. Dept. Reclamation, State of Idaho, p. 32-35.
Dean, H. T., 1936. Chronic endemic dental fluorosis: Am. Med. Assoc. Jour.,.
v. 107, p. 1269-1272,

Eardley, A. J., 1951, Structural geology of North America: Harper and Bros.,
New York.

Eaton, F. M., 1950, Significance of carbonates in irrigation waters: Soil Science,
v. 69, no. 2.

Follansbee, Robert, 1934, Evaporation from reservoir surfaces: Am. Soc. Civ..
Eng., Trans. v. 99, no. 1871, p. 704-715.

Jaeob, C. E., 1947, Drawdown test to determine effective radius of artesian well:
Am. Soec. Civ. Engineers, Trans., v. 112, p. 1047-1070.

Jensen, M. C., Lewis, G. C., and Baker, O. B., 1951, Characteristics of irrigation:
waters of Idaho: Idaho Agr. Exper. Station, Research Bull. no. 19, p. 39-40.



IR
116 THE ALTERNATE‘PLAN, MOUNTAIN HOME PROJECT, IDAHO

Kirkham, V. R. D. 1931a, Revision of the Payette and Idaho formations: Jour.
Geol., v. 39, no. 3, p. 193-239, figs. 1-15.

1931b, Snake River downwarp: Jour. Geol,, v. 39, no. 5, p. 456-482,

1931¢, Igneous geology of southwestern Idaho: Jour. Geol., v. 39, no. 6,
p. 564-591.

Lindgren, Waldemar, 1898, Description of the Boise quadrangle, Idaho: U. 8.
Geol. Survey Geologic Atlas folio 45.

Lindgren, Waldemar, and Drake, N. F., 1904a, Description of the Nampa quad-
rangle, Idaho-Oregon: U. S. Geol. Survey, Geologic Atlas folio 103.

1904b, Description of the Silver City quadrangle, Idaho: U. 8. Geol.
Survey, Geologic Atlas folio 104.

Love, 8. K., and Benedict, P. C., 1948, Discharge and sediment loads in the
Boise River drainage basin, Idaho, 1939-40: U. 8. Geol. Survey Water-
Supply Paper 1048.

Meinzer, O. E., 1923, Outline of ground-water hydrology, with definitions: U. 8.
Geol. Survey, Water-Supply Paper 494.

Rohwer, Carl, 1934, Evaporation from different types of pans: Am. Soc. Civ.
Eng., Trans., v. 99, no. 1871, p. 673-703.

Sloan, W. G., 1953, An alternate plan for the development of Mountain Home
project, Idaho. In Carr, James K., Alternate plan for Mountain Home
irrigation and drainage project: Comm. on Interior and Insular Affairs,
Comm. print no. 4, U. S. House of Representatives, 83rd. Congr. 1st sess.,
p- 22-37.

Steward, W. G., 1919, Distribution and use of irrigation waters: Joint Conf.
Irrigation Engr. and Agr. Soc. of Idaho, Proc., 1918-1919, p. 177178,

Theis, C. V., 1935, The relation between the lowering of piezometric surface and
the rate and duration of discharge of a well using ground-water storage:
Am. Geophys. Union Trans. v. 16, pt. 2, p. 519-524.

Thiessen, A. H., 1911, Precipitation averages for large areas: Monthly Weather
Review, v. 39 no. 1, p. 1082-1084.

U. 8. Bureau of Reclamation, 1950a, The Columbia River. A comprehensive
departmental report on the development of the water resources of the
Columbia River basin . . . : House Doc. 473, 81st Congr., 2d sess., v. 1.
The preliminary report of the same title was issued by the Department of
the Interior in 1947.

1950b, The Columbia River. Supplemental reports on the . . . Moun-
tain Home (Payette unit) . . . projects: House Doc. 473, 81st Congr., 2d
sess., v. 2, p. 211-306.

U. 8. Salinity Laboratory Staff, 1954, Diagnosis and improvement of saline and
alkali soils: U, 8. Dept. Agriculture Handbook no. 60, 160 p.

Wenzel, L. K., 1942, Methods for determining permeability of water-bearing
materials, with special reference to discharging well methods: U. 8. Geol.
Survey Water-Supply Paper 887.

Wileox, L. V., 1948, Explanation and interpretation of analysis of irrigation
waters: U. 8. Dept. Agriculture Cire. 784,




Page
Ada County, pepulation_ ___ . .____._..___._. 12
Agricultural statisties. ... ceocam . 13
Alluvium, Recent . .. cw e aeooceeoee . 21,53
of Indisn CreeK _ e 21,50
Alternate plan for Mountain Home project,
area that could be irrigated under........_. 05
assumptions, basiC. oo - ccocv oL 90-92
definition and background...oceeeo.__ 57,11
drainage benefits.. __.ococeeee-.. 54, 100, 106107
drainage features_ _ ... e oo ___ 11,12
drainage proposals.. ... ..o oo _____ 53, 65
effects of, on quality of water.___.... 90, 108, 110
waterlevels. . ool 62,113
waterregimen. ... coooeaen.. 61, 95-100
waterrights ool 113
water table. .. o 106
elements, prineipal . ____________________ 108-110
feasibility . e emeee 90-107
ground-water features _ . .-eucecomooaoo.__ 12
Yimitations .. .. oo 49-90
limijting ground-water conditions.. __._.__ 50~563
modificationsneeded _.___________.___ 108, 113
power-generation features ...._..._._.___. 11,96
problems, unsolved. ... o 114
proposals, basie e v oo 950-92
PUMPING 868801 v oo oo 102-103
surface-water features ... .o oo 11-12
waterrights_ .. 113
wells, costof . _________ ... 61, 68, 106
Anderson Ranch Dam, function......oc._... 8
power produetion.. ... coaceeoo . .__ 14
Anderson Ranch Reservoir _—.._.._._________ 89
CAPACIt Y e 9,36
storage space for irrigation ... ._.___. 95
Aquifers,artesian.._ ... 50
inEagleIsland. oo 51
in Meridian distriet_ ... .o ______ 51
in Nampa distriet .. ... _._______. 50
charaeteristios .o .. 5467
hydraulic eoeflielents - cceoemeeoaan . 68, 57
at Bllisfarm ... .. 57, 656-67
in Ustick-Meridian area..ccocoeeooo .. 57, 67
tests of, in BagleIsland_ - ____________ 69
Arrowrock Dam and Reservoir, function. ____ 89
CAPACILY . 9,36
evaporation. ... 29
preeipitation._ . oo 31

Artesian ground water. See Ground water,
artesian.

Barber Diversion Dam, funetion_._.__._._.__ 8
power production ... _____.______. 14
Basalt, Columbia River. - ccocomuccmccaaeas 19

Black Canyon Dam, power production at.._. 14
Black Canyon Project, relation to drainage

problem in Boise Valley..oacceecmaamnnan. 48,112
Boise Diversion Dam, funetion....cceoooo... 8,8
power productionat ... ___.___ 14
Boise Project—— v oeecmocmcccccccc e cmeaaa 7

Page
Boise River, depletionof. _ . __....... 40-41
discharge, at Boise Diversion Dam__..____ 36
at Notusgage_ __.___._______.____...__ 40
charaeteristiesof .. . _________ 33
diversionsfrom______._._._.___ 15, 16, 36, 39, 95, 111
diversions, ungaged .- oo coeaeo 111
flow, residual, past Notus_ __________.__.._ 3940
gains to, above Notus_ . ____.________ 40
inflow, tributary_ __ .. __________.___. 37
regulation. . ... 36
ranoffin. e 14-15
South Fork of, discharge by . - o ococcae 95
Boise River basin, storage and diversion
WOTKS - - oo e 8
Boise River water, availability for Mountain
Home project ..o oo 95
delivery tofarms. ... eciamnen 1
to Lake Lowel ..« oo emeeee 96
depletionof... .o aeas 41
dispositionof .o e 16
diversions. . ______._ ... 15, 16, 36, 39, 95, 111
exchange of .. - 11, 96, 98
BXPOX - oo ——— 38
return-flow eomponent. . . oo cveimooenon 15
TOUSE - eomvecaccmmmc e mm e ——— 99
SUrPIUS . - oo 99
utilization_______ . ___ 14~186, 39-40
Boise Valley, agriculture and industry_._._. 18-13
depth towater_ __ o oo oolo 32,37, 62-64
drainage problemsin._ __..._.... §,37,65,112,118
drains, milesof_______ ... . L]
economie development_ _ . ... ... 12-18
electric-power SUPPLY a-c - cmeecoemeaee 13-14
ground water, accessibility . ____:._..___ 102-108
depthto.. .o oo 32,37, 62-64
OCCUITONCE o oo o oo 35-88
ground-water distriets__ .. _________..___ 50-53
ground-water recharge.____.________.- 44, 4647
ground-water yield_ .. ..o aoooo 41
irrigated area. .o oo 8,28,41,111
irrigation with ground water_..._._._..__. 8,37
physical character_ ... ________..____ 18
population_________ ... 12,18
precipitation. .. - 24, 25,31
ranoff . . a—— 16,32
salt balanee_ . . aaeae 80,107
Water SUPPLY - e oo caean 49
water, consumptive use. . __cooaao 40
diversions_____.________________ 15,16, 36,93
dutyof .o aa_. 86-37,111
exehange_ _ .o 97-98
(3.4 +10; o SR 39
farm delivery oo ecacaoee 41
Tl SUPDY o e v 36
offset.oocomoeeas e vmmmsm—accm——— 98-99
pattern of supply.. ... 35-38
quality of water. -« c-eoa_o oa.- T0-81,107

117



118 INDEX

Boise Valley—Continued Page | Eastern upland. See Upland, eastern, Page
replacement__..____________________ 100-101 | Eaton, F. M., QUOteA. - eeccmcencccecoccumanas 78
total SUPPlY e e 88-39, 49 | Electric-power supply ... 13-14
1usable SUPPlY .- - - v ceseeccaecee-- 89-40,49 | Ellis farm, drainage by pumping from wells.. 66, 67
wells, average yieldeeeeocoecvcucaceann b1, 52 hydraulic coefficients of aquifers___........ B7
distributionof. ... ________.____._ 37-38 subsurface conditionS.ecee oo meceeoannnon 66
Boundary, hydraulie testwell. - ... 66
effect on pumped Wells_ oo cveoaeamncaac.- 57 waterlogging, cause of - _aeeoceumaceen- weee BB
in Ustick—Meridian ares...cceccmeeecanx 68 | Elmore County, population . eeeeocoecauass 13
Broadway terrace, depth to water beneath._.. 32| Evaporation....ceceeee-. 29,30
Canals, percolationfrom. ... .o .. 47 | Evapotranspiration...-- 29
effect of, on pumped wells.._____________ 66,104 | Exchange-pumping area, definition.....oee.. 44
Canyon County, poptlation.eoeeceeuecenue-. 13 precipitation, disposition. . eeeoeuemenoae 44
Canyon CreeK.eeweeen.--. - 35 | Fluoride in water, effect of - ooevemmeeeoeon. 70,81
Canyon Creek basin .. c.eueeocmmmevcoanene 9 from Idaho formatlon. - mecceeeoecoeuoee 82
Carr,James K _.. ... 5 from voleanic roCKS - vomo oo cmaan 82
ClHmate. o s 24-90 | Garden Valley reservoir- cveceoevmemcocacancne 7
Coefficients, of storage 923,93 ..o ..__________ 55, 67 | Geologic control of Water .- c-ceoceememmemcana- 19
of transmissibility 83 - oo &7 in Boise Valley - - —oceecemcommee e cmnem 20
See also Aquifers. in Mountain Home Plateatl. cccceeeceuc.. 20
Columbia River basalt. . _coocccameeean 19, 22, 23 | Gradient, thermal, In Boise Valley . .—coee-.. 73
Contributingarea_ . oo eeeeeeeeeC 44 | Gravel packing of WollS o ov oo moeees 60
Cottonwood Creek, runoff, ... _o...._______ 40 | Ground water, accessibility in Boise Valley. 102-103
Data, basie, 146K 0f o oeuee oo 110-118 area irrigated with 16
Deer Flat Reservoir, See Lake Lowell. artesian, at EIHS farm_ cceevuemcacancnna- 65
Depletion, of Boise RiVerseecccceccammcrcanen 41,46 in EagleIsland__-cceceno- PR 51,69
of ground wWater. .o eeemcae 47-48 in Tdahoformation. . «cocaceeamceannn 63
Depth to water. See Ground water, depth to, in Kung AiStriete amececcceammmocaaaae 52
Development, econormie, in Boise Valley. ... 8, 18-17 in Meridian distriet . —ccvoevecumennn 51
Diversions, from the Boise River._. 15,14,36,39,95,111 in Nampa distriet-ceeeaveaeeo-- ——— 50, 51
in Boise Valleyeocevcmaeccnemmccacaeen 15,36,93 in North side distriet.ccaococeroeeees 63
UNZALOA - e e e e eeeaeeeas 111 in Pioneer Irrigation Distriet .. —.... 65
Diversion requirement for Mountain Home in Ustick-Meridian 8168 - ecaecacaa-- 68
PrOJECh o e ceceean 52-95 availability of . - cae oo eemeaaes 101
Drainage, effectiveness of, pumping ground chemical tyPeS- cowvommmemmaeremcmcacennn 70
L1753 () SRR, 9, 60, 68 consumptive use 0f . cvevmemaecmamcnauann- 47,102
effectiveness of, coupled with ground- 1S 30) (51711} 1 WO 47-49, 101
waterirrigation - ... 65, 69 depth £0, ¢haNges I euecvee oo 64
in Pioneer Irrigation Distriet__....___ 9,65 in Boise Valley o cccecmcccmcmcaen 332, 37, 62-65
in Ustick-Meridian ares. ..~ .ccoe.__ 68 in Broadway terratteemveeemcmememcamm 32
on Ellisfarm. .. ceeevoccmancceane.. er in Meridian district. . ccceoameaoamaoeo 51
by surface drains. .cemecceameuenn 9,48,112 in Mountain Home plateatlaanneceaee- 32
feasibility of, ecoupled with pumping for in Nampa distriet. - - —ccvamcameacaaca 51
ITigAtion —. e e 65, 69 in Pioneer Irrigation Distriet. .- cea.-. 65
in areas having perched ground in Whitney terrace - comemcmmenm-ven- 32
17 68-60 discharge, by surface drainS.ceamcoeeeeo- 48,111
under the alternate plan_..._..__.__. 11, £0 B0ise RIVOr e oo emmeccmmemccman e 33
53-54, 100-101, 106 effect of Irrigation oN_ .oceeacccmcoocean 33, 62-64
Drainage problems, ¢auSe Of - «cemuenceoeeee 4,37 exchange of, for Surface Water----c-=u- 97-101
in Boise Valley 11..... 9-11, 37, 65, 66, 67, 112, 118 exchange-ratio for_. 98, 99
effects of Black Canyon Project...... 48,112 B 10000 [ 23 1 70, 81,82
in Meridian distriet. . ..o _.___.__ 51 geologic control 0f - - o oo cccamm oo oeaeana 41,42
in Nampa-Meridian Irrigation District_.. 87 irrigation with, in Boise Valloy.-ccocvvmm- 8,37
in Nampa district . coc e cemmaommoeee o 51 MOVeINENE Of .o oo oo mmcammm e ————— 61
in Northside distriet.cecmemomcaccoeeoeon 38 oceurrence in Boise Valley .ococwecocvuenn 50-68
in Pioneer Irrigation Distriet oo .. ____ 37 EagleIsland oo oo oo e cocmcammamman 61
in Wilder distriet oo oee oo mama oo 52 Kuna Qstrictoeoecomemeemmcaacaameaen 52
Drainage wells. See Wells, Meridian @iSErict. . o ccomccemcaemee 81
Drains, SUrface - —-oooooooooeeoooee 9,48 Mountain Home plateat. ... 34-35,39, 94
Dry Creek, ranofi in . weeeeee .. 40 Nempa district 50-51
Duty of water, for Boise Valley lands........ 87,111 N:rtg 2 dlstrdet-o. oo s
for proposed Mountain Home project..... gg| IR M Reesessonensommmmmmmt 9

Bagle Island, aquifer tests .- o meomee oo 69-70 Sunrise terrace - ccocmcaccamecuma- 3
ATteSIaAn Water - . o oo oo e oo 51,69 valley of Snake RiVer aooeeraacacnoe- 52
TIdaho formation - ..o ___ 51, 69 Wiltder distriet - o ncecaeeen 52
yieldfrom wells. oo 69, 70 perched o ecimcaan 6869




INDEX 119
Ground water—Continued Page | Irrigation—Continued Page
pumping for drainage ... onccemaccaaaas 10 pumping of ground water for, feasibility
for irrigation...___...._.._.__ 10,11, 16,17,33 of, coupled with drainage by
for muniecipal sSUPPlY - - coccmeceocemae 17 pumping oo 64, 65, 6%
[V EA A ) S 70, 81,82, 107 in Boise Valloy.coceccacaae 9,10, 11, 33, 37-38
recharge, by underflow. -cecevue- 41-47,101,111 suitability of water for..coceeecncanoa- 70, 81,107
in Mountain Home platean. .. _32, 47, 61, 101 | Kuna district, ground water conditions._..._.. 52,89
relation of, to drainage problem ........... 10 yvieldof wells e ceeece 89
replneement. 701721 V. SN Lake Lowell, delivery of water t0.ccceeene--- 96
replacement pumping - evaporationat. oo oroeeeeooe. - 29,11
salinity hazard .- . oo eecee e ecceeeaeee funetion. e eecrceaccemeen——- 8,9
sodinm-adsorptionratio_ . ___ o oo __ 78 ground-~water divide near. .. ... 61
sodinm carbonate, residual . _________.___ 78 percolationfrom. . _____..___._. 96
sodium hazard - .o ccnceaeen 78, 107 surface drainage South of coveee e ocemomeeo 61
sodium, pereent . . ..occrcemeoecaneccmeeeas 7577 | Little Camas Reservoir, diversion of water
suitability of, for imganon _______ 70, 73, 107-108 PO e e e e e 8
criteria for evaluating. . . _..ccceo____ 756 | Long Tom diversion dam, power generation at 11-12
supplyof,total . ______ .. ______________ 41, 48 49 | Long Tom division, plansfor. . .. ...c..._. 89,11
temperature ...l ... 73 water availablefor.... ... .. 95
11106041310 £+ RN 101 | Long Tom ReSerVOIr - v ccrocecacecrcmcncvonnn 8
use of, in Boise valley. . . ._cemeemea. 16-17 | Lucky Peak Dam, funetion__ . _.ooceoeoeeeoe 8,9
on Mountsin Home plateau_...._.-._ 17 POWer-generation ... ooocooeeoooceenn 9,12
WIHRAraWalS oo e 47| Lucky Peak Reservoir, capactty of - ..--. ... 9,36
Ground-water condltlons limiting alternate Main canal, See New York Canal.

Plan. oo Nt MeKay, Douglas ‘ &
Ground-water Qistriets - .oeeoooioocceoeaoe 501 . P e s
Ground-water Aivide ..o 61,104 Meridisn distriet, ground water and.drainage. 51
Qround-water recharge. See Recharge of Moore Creek tunmel... oo -8

ground water. Mountain Home plateau, location___....... 3-4,17
‘Growing season, lengthof. . ... __ 20 altitude. .. cocvamcaan cocceme e ———— 31

precipitationduring . _. ... .______._ 29 depth to ground water....ccccecccccmmnaas 32
Highland, northern (see Northern highland). eseaperecharge . . ... 41, 61,101
Hillerest division, effect of frrigation.......__. 34 ground water. .o eeeranooo 17,32, 35,62, 94

PlanS 0T oo e 7-8,11 ground-water quality - coeemeemmvmeeooo 70

trial development - .- ceo oo 114-115 Arrigation. oo et 15

water supply available ____._____.._.____ 05 physical character oo enee 18
Hubbard Reservoireeee oo cceemmomocmccreaenn 8 preeipitation- - oo ___ 81,32
Hydrsulic boundaries in Ustick-Meridian 0 1 P 93

ALBB- —mmemevmmemmmemm——— e e 68 surface drainage. . coeccaeamooceeeeoo- 32,34-35
Hydraulic coefficents of aquifers, at Ellis surface-water yield .. ... 15

Farm. oo ceeaeem 67 water-supply pattern_________._.__._... 20, 34-35

at Ustick-Meridian ares. oo .veoocoeeeoo. 67 water utilization ... ___.__ 14
Hydrophytes, use of water by oo ecmaee_ . 48 | Mountain Home project
Idaho batholith_ . ... 19,23, 43 alternateplan. . .ccooo—-—. 5,7,11, 90-92, 108-110
Idaho formation. . oo ovon 19,22 availability of water ..o oreaeeaa 95

as aquifer, in Eagle Island.. . ___..._.____ 51,69 diversion requirement . .._._._______ 92-93, 94-95

in Meridtan-dilstfict . . ... 51 AUty Of WAl i e o e e cecemee e 93
in Nampa distriet . oo 50 Long Tom divisioNe.ececeecrmcmcceccaen- 7,11
in North side distriet oo oo 53 Original Plan. o oo oo 578
in Wilder distriet_.. ..o ..o ____ 52 Payette unit. oo 7,11
fluoride in water from__._______________.__ 82 See also Alternate plan for the Mountain

in northern highland_. _ ____________.______ 43 Home project, and Original Plan for the
Indian Creek, alluvinm of, as aquifer in Mountain Home projeet.

Nampa district - ooooooooooeoon 50 | Nampa district, alluvium of Indian Creekin. 50

Aiseharge of e oo e cccmeacecee 35, 36 AQUTOrS . oo 50
Industries. .ol 12 artesian ground water. . .o oo 50
Iron, relation to quality of water..._.....____ 8L depth t0 Water oo eamcaoan 50
Irrigated area, in Boise Valley....._. 8, 26,28, 41, 187 drainage problem. .. oo 51

served by ground water . _____...__...__. 16 Idaho formation. oo oo 50
Irrigation, effect of, on water levels_.....____. 48 Younger terrace gravel . . _.coucovoeeaoon 50

effect of, on ground water—..-......- 33,62, 64, 65 wells, yield from._.___..____.___________.__ 51

of Hillerest division —.c...oovooeoooooaoa. 34 | Nampa-Meridian Irrigation Distriet, need for

on Mountain Home plateau .. ...oc.o__. 15 drainagein .o ooceecaoao 37




120 INDEX
Page | Quality of water—Contioued Page
New York Canal, effect of pumping wellsnear. 105 Surface Water oo 70,75
ground-water dividenear.___.___________ 61,105 from Snake River. . .. .o.__.__ 85
pereolationloss._________________..__.__.. 47,61 patternof i 82-84
relation to water table- .. ... _______ 105 variations__ .o e 70, 81, 83
Northern highland, contributing area of. ... 44 | Rattlesnake Creek. . ________________ 35
ground-water yield from___._._. . ______.__ 43 | Recharge of ground water, by underflow...__ 41-47,
preeipitation_ ... 43 101, 111
surfacerunoff ___ ... . ... 43 from irrigation. __._ .. ___.___ 40, 46,101
North side district, drainage problem__..__._. 38 from precipitation. ... ________ 44
ground wWater._. o oo 53 in Boise Valloy. o comomne e 44, 4647
Idaho formation____ .. ... . __.___. 53 in Mountain Home Plateau. ... 32,47, 61,102
relation to alternateplan______._.________ 53 | Replacement water, availability.....co..._. 100
wells, yield of . oo 53 chemieal suitability of . oo ool . 107
Notus, flow of Boise River at._.....c.._._... 39,40 | Ridenbaugh Canal__ -« e 66, 104
Orchard Reservoir. ..o o oo oo ___ 8 | Runoff, from eastern upland. .. ___.__.____ 32
Original plan for Mountain Home project-... 5,7 from northern highland______._._.__.__.__ 43
Owyhee batholith___________________________. 19,23 in Boise Valley - oo eaae 32
Owyhee Mountains. - ..o ... 19 in Cottonwood Oreek..co—eveoveeaoao.o 40
OwyheerhyolMte oo 19,22 inDryCreek oo 40
Payetteformation ... ___.____. 19, 22 on Mountain Home platean. ____.____.___ 32
Payette River, diversion of water from.._...__ 7-8 | Salinity hazard, from ground water....__.___. 107
effect of importing water from._____.______ 48 from surface Water . oo va oo cm e cvaccaannn 78
Payette River basin, diversion of water from_ 5 | Salt balanee, in Boise Valley.ooocnocaaono. o 90, 107
Payette unit of Mountain Home project_____ 7-8,11 | Silica, relation to quality of water._..._..____ 81
Perched ground water, drainage ... _______ 68-60 | Snake River, availability of water from__..... 9
Percolation, from eanals ..o _______ 47,61 AiSChArge - oo oo 34
from Lake Lowell. ... _..._______. 96 exchangeability of water.. ... ______ 96
Phreatophytes, use of water. ... ... 48 proposed pumpingfrom__.__.____.__._._. 11
Pioneer Trrigation district, depth to water__.. 65 quality of water from. ... _.___ 85
need for drainage- ..o ... 37 replacement water from_ .. _._______ 5
wells, pumped, drainage by._______.____.__ 65 valleyof the. . 16,17
drawdown in e ______ 104~105 ground waterin. _ .. ______.__ 34
yieldfrom .o oL 65 water-supply patternin______________ 34
Pleasant Valley Reservoir. ... _._.... 8 | Snake River basalt, eharaeteristies. ... ....... 2
Population in Boise Valley. __________._______ 12,13 in Nampa distriet . oo oo oo os 50
Power plants, eapacity .- ___________ 14 oceurrence of - oo 19,21
Preeipitation, amount_._._ .. __________.____ 24, 25 | Sodium-adsorption ratio, in ground water.... 78
at Arrowrock Dam_.._.____ ... ____ 31 use for evaluating water. __ ... ... 76,78
at upland stations. .. ... . .___.___ 24 | sodium carbonate, residusal, in ground water..  78.
consumptiveuseof . ______________________ 29-30 in surface Water _ _ oo cm;eeeee 78
disposition of, in exchange-pumping area . 44 relation toirrigation________._____________ 75,78
on Boise River basin_________________ 43 | Sodinm hazard, evaluationof.._____________._. 75,78.
oneasternupland... .. ... ___ 42,43 from ground water__.._ ... ... __ 75,81, 107
on northern highland.__._..___.___.____ 43, 44 from surface Water o oo oo omme o 75
during growing season. - .o «coeee - 29 | sodium, pereent_ ... ... . _.._____.. 75.
effect on water-levels_____________________ 46 | South Fork of Boise River. Sec Boise River,
in Boise River basin.. . ....___.___._. 24-25, 31 South Fork of.
ineasternupland ..o __._____._. 31,41 | Specific capacity of Weus-.— ——————————————————— 67
on Mountain Home plateati . . ________ 31 | Specific conductgnce, lrr§gation Yvater. elec-
volume, in Boise River basin. ... 28 o trolytic corrosion, relationto..... 73
. Specific yield of aquifers.. ... ... .. ... 54
on northern highland... .. ooeeoo 43 Statisties,agricultural .. ... __.___ 13
Pumrging, effect of, on water levels....__..... 64 | Storage, coefficient . __.__._.._._......_. 54, 55.
effect of, on water regimen.__. ... ____ 61| Storage space, active, in Anderson Ranch
Pumping season under the alternate plan_... 102 Reservofr ..o . ___ 36.
Pumping tests, in Boise Valley___.___._._._____ 54 active, in Arrowrock Reservoir_____._____. 36
in Ustick-Meridian ares - - oo ooeoeeeo 67-69 for irrigation, in Anderson Ranch Reser-
Quality of water, effect of alternate plan on_. 90 V"i_r“--j """"""" Tommmmmesnes 95
effect of irrigation on. . ..o oooeo___ 82-83, 34 | Storage works in Boise River basin. ..._...... 8
Strike Dam, C. I., power production.._______ 14
ErOUNd WHLer e oo 70,75,78, 81 Sunrise terrace, ground water beneath________ 32
effect on operation of alternate plan... 70 Surface water, 8rea Irrigated - - .o ooeoe oo 41
in Mountain Home plateau_.__.__.._.. 70 avallabt Yoo oo eme 05
pattern of, in Boise Valley_....._. 81, 82,107 chemical types.. - oo ea . 70
suitability of, for irrigation_ ... ... 70, 107 consumptive uSe. _ ..o cececcaane 41, 46.




INDEX 121
Surface water—~Continued Page Page
depletion.. oo 40-41 | Water-level fluctuations, causes ....cc.cc...- 62,64
QUALIEY o mcaeas 70, 75, 85 effects on, by irrigation. ... __.. 46
residual sodium carbonate ... . ... 78 by precipitation._ ... ... 46
sodium-adsorption ratio. . ceooo ... .. 78 by pPUMPDING . e 64
SUrPIIS o 39 TANE o oo e cem e —am e ————————— 64
10tal SUPDYY - oo ce e e 48 | Water-loving plants, use of water.._......._. 48,112
usablesupply .« oo 39-40 | Water regimen, effect of alternate plan_.._ 61,98, 100
utilization e . 14-16 | Water rights, exchange and adjustment_.____. 113
underalternate plan_.....____________ 11 | Water supply, total.. oo cceoo oo 38
variations in quality .o-e oo 70 for Hillerest Division. -« o cveeeoccecaccaeae 95
Swan Falls. .l 14 of ground water in Boise Valley__..._.__._ 48-49
Swaa Falls Dam, power generabion._....._._. 14 | Water table, configuration. ... _____._.___. 32
Temperature, of ground water_..________.____ 78 effect of alternate-plan. ..o ... __ 106
in Boise Valley counties. . _______________ 29 lowering of, by pumping . coee oo cuceeeeno- 53-54
mean annual, at Boise.__.________.____ 28 relation of, to New York Canal._.....__ 104,105
Tenmile Creek.__.___.. e emmm e m 8, 35,36 o L N SN 9, 33, 62-64
Test wells. See Wells, test. Well-numbering system._ .. ._oooo_. 7
Topography, influence on water supply....... 30-31 | Wells, capacity oo oo oo oo 53
Transmissibility, coefficient of ... ... ___ 55 characteristics of, in Bolse Valley__....._ 37,105
Transpiration in Boise Valley_________._.___. 29 under alternateplan... .. ... 103-107
Upland, eastern, ground-water yield_..__.____ 42 cost under alternate plan_ ... 61, 107
precipitation. . oo 31,41 development_ ... .- 61
TUBOfE - e e 31 distribution of, in Boise Valley. .__....... 37-38
water yleld - oo el 42 drainage, effectiveness___ ... _. 53-54, 61, 65, 106
Upland stations, precipitationat__ ... ____ 24 drawdown from pumping._......_- 54, 87, 104-105
Ustick-Meridian area boundaries, hydraulic.. 68 dual-purpose, effects of, on natural ground-
coeflicients, hydraulic, of aquifers_.._.____ 67 water discharge._ . . _.oooocaooooo. 111
drainage of, by pumped wells_____________ 69 efficiency of . oo 65, 108
tests, pUMpPINg . - o w2 67 offeets of,oncanals. _________.___...._.. 104,105
Water, chemical tyPes...cmeveeemomamuacans 70,72,73 gravelpacking. ... ____. e 60
consumplive use. . - eemeccaecmmaeano o 47,48 interference between.____ ... _. 57, 104-105
in'Boise Valley: . ... . 40, 41,48 PErfOrMANCe oo oo een ¥4
ineasternupland_ ... 30 pumping tests: ..o ooeoceceeeee 54
in northern highland . ________________ 30
SCIEeNS . - oo e 60
deptb to. See Ground water, depth to. | .
duty of, in Boise Valley .. ... gg-g7,111|  Speetficcapacity . .ooooooooooooooooo 57,59
exchange of, for Boise Valley_.______..____ 95, 06 yield, assUmed 8Verage. ..o-c-oovemvemcno- 12,60
from Boise River 16 .oovcoemaeeo .. 95, 96 at Ellisfarm. ... 57, 67
exporting of, from Boise Valley__._._...__. 39 in Boise Valley. -« voommoeeeeae 57, 60
farm delivery . oo -m oo oo 41 in Eagle Island.- - cccomvoooceevnnn 57,69, 70
full supply of, for Boise Valley_...._.._.__ 36 in Kuma Qistriet- - - oo coooecenee 52
geo]ogie eontrol. ... ammemmmsemenaees 19 in Meridian distriet. .o ocoooooeo_ . 51,55
imported, frqm Payette River ... ___ 48 in Nampa district . - —ooooooeeoee 5, 51, 55
offset, for Boise Valley ... ceneoaa .. 98-99 . . .
live, defmition. - oo 15 in North side ‘dlstrlet-----.. ........... 55
AIVOrSIONS - oo 36 in Pioneer Irrigation Distriet ... 57
mnagement_ ____________________________ 33 in UStiok-Meﬂdiall i1 P 57
quality of, effect of alternate plan_________ 107 in Wilder digteiet . oo 52
replacement, for Boise Valley._________ 38, 97, 100 under alternate plan...coccococeaoocue 106
replacement, total ... ... 100-101 | Whitney Terrace, depth to water-........_... 32
suitability for irrigation._. - ...... 80, 81, 107 | Wilder district, drainage conditions. ..o .._ 52
total supply in Boise Valley...___._.__._ 39, 40 B 52
uncommitted. .. - oo 101 Idaho formation 52
utilization in Boise Valley______.__._.._ .. 1 3 It
usable supply in Boise Valley_. ____._.____ 30 Older terrace gravel. - . eooooeeeeoeeooo- 52
use by the alternate plan ... 1 yield from wells. .o 62
by hydrophytes and phreatophytes... 48 | Wind, in Bolsearea. . oooeeeevomemcmmano 2
by water-loving plants_..____..______ 48, 112 | Younger terrace gravel, description. . _..._.... 19-21
on Mountain Home plateau___.._._.___ 15,17 in Nampa distriet. oo cacvmaannae 50
See also ground water and surface water. in Wilder district . ... 52

























	Mt-Home-Feasibility-1957
	Mt-Home-Feasibility-1957-plates

