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GROUND~/ATZR AND DRAINAGZ PROELEMS IN THE WEITNEY TERRACE AF A,
BOI1SE, IDAHO
By

-

3. W, rest
ABSTRACT

Ground-water levela in the “hitney terrace area, after many
years of rise owing to downward percolation of water from irrigated
land, became nearly stabiliged by 1935, Strong seasonal water-level
flustuations of 8 to 10 feet, however, ars common in the 3oise
Valley. In recent years, the Whitney terrace has been changing
rapidly from a farming to an urban community. The 3,200-acre area
now has about 15,700 inhabitants and the land area is about 35-
percent occunied by urban developments. Po’ulution trends indicate
that urban expansion will continue.

Coincident with the change from rural to urban conditions on
the Yhitney terrace, the vatterns of water use were drastically
altered. The amount of irrigated land hes decreased but the amount
of sround-water recharge from irrigation and yard water may have
increased. Liquid sewage effluent disposed in the ground also has
increased the yearly volume of recharge. The estimated average
yearly amount of recharge from all sources now is about 2.4 acre-

feat per acre, Full urban development of the area may increase

recharge from all sources to about 3.3 acre=feest per acre.



Ground-water and drainage problems can be reliesved by reducing
exgcessive recharge to the ground-water reservoir. Reduction can de
accomplished by economical use of water by individuals, astablish-
ment of a water-tight publis sewage system to transport all sewage
to a central nlant outside of the area, and by drainage vorks.
These measures would cause a net decline of ground=water levels in

the area. They can be undertaken separately or collectively.



Physical and Cultural Setting

The part of 3Boise and its suburbs that is locally called the
Boise Bench i3 herein called the Whitney terrace. The “hitney
terrace 1s one of a gseries of terraces which are remnants of
ancient river flood plains south of Boise in T, 3 M., R, 2 Z,,
30ise baseline and meridian (pl. 1). The area of principal concern
in this raport is bounded on the north and east by Zmerald Street,
Crescent Rim Drive, and U. S. Highway 30, on the south by the Vew
York Canal, and on the wast by Curtis Street. This area, contain-
ing about 3,200 acres, is largely residential but includes several
shoppring centers, a few small industrial establishments, and
numerous small "spare-time farms,"

Yater for irrigation in the Boise Valley was first diverted
from the Boise River in 1864, using simple ditch diversions to suvply
small lowland tracts. Agricultural development was extensive and
rapid after the turn of the gentury. Ths walley and adjacent terrace
uplands now are crisscrossed by a mase of irrigation canals and open
drains. The Whitney terrace was a part of the irrigated area, but
after about 1940 urban developments rapidly replaced agrieulture
and now oceupy'nboux 35 percent of the Thitney terrace east of

Curtis Street.



The population trend in Boise and adjoining suburban residential
and business areas is summarized in table 1. The popniation within
the city limits in 1950 was 34,393, whereas the total urban and sub-
urban porulation in Creater Boise was !'3,310. The present popula~
tion of Sreater Boise probably exceeds 50,000, including an increase
of about 12 mercent in the population of Boise since 1540. Civie
orzanizations predict that in 10 to 20 years areas like the Whitney
terrace will be 80 to 100 percent occupied by nonagricul tural

develooments,

Table 1. Population increase in Boise, Idaho, 1880 to 1950

(From published revorts of the U. S. Census of Population)

Year Population Increase
Number Percent
1880 1,899 go4 90,9
1890 2,311 u12 21.7
1200 5,957 3,646 157.8
1910 17,358 11,401 191.4
1020 21,303 L, 035 23.2
1030 21,54k 151 0.7
1ako 26,130 L,586 21.3
1950 3,393 8,263 31.6




System of Numbering /ells

The well~numbering system used by the Geolozical Survey in
Idaho indicates the locatiocns of wells within the official rectan-
gular subdivisions of the public lands, with reference to the
Boise baseline and meridian., The first two segments of a nurber
designate the townshivn and range. The third segment gives the
section number, followed by two letters and a numeral, which indi-
cate the cuarter—-section, the UO=acra tract, and the serial rumber
of the well within the tract. Quarter sections are lettered a, b,
c,and d in counterclockwise order, from the northeast quarter of
each section (see diagram). Within the quarter-sections UC-acre
tracts are lettered in the same manner. Thus well 2N=3%W-12bal {s
in the NEgNW: sec. 12, T. 2 N., R, 3 ¥,, and is the well first

visited in that %tract.
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Basis for Report

A dasinvide study of greund vater in the Boise Valley was made
by the Geological Survey in 1953 and 19%54. Records of water levels
obtained by theif study afford a good history of grouwnd water in the
valley durirz the past L0 years. A bdrief examination of the
Vhitney terrace had boo;:;‘:v‘f/nl years earlier at the request of
R. 2, Xlefsen, Mayor of 3Boise, and periodic odservations of water
levels have been made since then. The data obtained are sufficient
%0 delineate the nature and scope of ground-water and drainage
problems in the Vhitney Serrace.

Field work on the Vhitaney terrace and the preparstion of this
report vere part of the program of ground-water study by the
Geological Survey in cooperation with the State of ldahe. Cooper-
ative vork in ldaho is directed jointly dy A. K. Sayre, chief of
the Ground VYater Bransh, Geological Survey, and Mark R. Kulp,
ldaho State Reclamation NEmgimeer. Vork in ldaho is supervised dy
R. L. Nace, district geoclogists, Boise, ldaho.



Nature of the Prodlems

Upstream dams and storage reservoirs on the Boise River com-
pletely altered the natural flow-pattern of the river. Concurreatly,
surface water spread on irrigated land contriduted a large volume of
nev ground-water recharge and drastically changed the ground-water
regimen. The depth to the water table denesath the Vhitney terrace
and similarly situated areas in the Boise Valley originally was at
least several tens of feet, and was maintained at that level by a
natural bdalance detween ground-water recharge anid ground-water dis-
charge. Discharge wvas Dy seepage into natural surface drainagevays,
chiefly the Boise River, and dy westward underflow out of the
valley. These processes still continue bdut, in order to discharge
the increased volume of ground-water, the underground reservoir
filled to a higher level, thus increasing the area of discharge and
the volume of underflow. During the period of ground-wvater duildup,
which still contimes at some localities, recharge greatly exceeded
discharge and vater levels rose steadily (fig. 1). An approach to
stability wvas reached in the late 1930's dut there are strong
seasonal wvater-level fluctuations. Drainage and sevage-disposal
problems are chronic in parts of the Yhitney terrace and are
recurrent in other large parts during times of high ground water
levels. 3Both the long-term wvater-level trends and seasonal fluo~
tuations in the Vhitnay terrace resemble those in the Boise Valley

generally, decause the controlling faotors are similar. Nevertheless,



the ground-water reservoir in the Vhitney terrace is largely
independent, and satisfactery drainage and control of ground water
in the terrace does not depend on drainage and control of tha asntire

valley.
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The New York and Ridenbaugh canals once were a principal source
of ground-water recharge in the Vhitney terrace, because infiltration
losses from these canals were large. Much of the canals on the
terrace now is lined or sealed and the principal remaining sources
of recharge are domestic sewage and irrigation wvater spread on fields
and yards. Recharge from irrigation 13 clearly shewn by strong
seasonal water-level flustuations, ranging from abeut 3 to 15 feet.
The smaller fluctuations are at places wvhere the water tadle ias very
shallow.

Surface drainage of the relatively flat WYhitney terrsce formerly
was along several shallov natural drainagevays. These are bdlocked at
many places dy road grades and earth-fill for other construetion, and
surface water tends to pond and sink into the ground rather than to
run off. Surface drainage now is largely through artificiasl ditches.
The earlisst occurrencs of undesirabdly high ground-water levels
reportedly was near places where the natural drains were artificially
dlocked.

The approximate average minimum depth to water in several seg-
ments of the Whitney terrace is shown in plate 1. The depth-to-water
sones represent the highest recorded recent wvater levels in numerous
vells. The depth toc water in these tones varies somevha$ from year
%0 year and from gseason to season, and the representation necessarily
is gensralised and approximate. Local deviations from the depth to
water shown on the map occur and the map, therefore, does not
accurately show the depth %0 water at any specified point at a given

tine of the year.
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Thyaical Factors That Influernce The Ground !/ater

The ground-water and drainace conditioas in the “hitney terrace
are influenced uy bdoth natural and artificial »hysical factors. OCli-
mate strongly affects zround-water recharsge. Tovograchic featuras
affect surface runoff, the amount of water that vercolates into the
ground, the direction of ground-water moverent, ard the places at
which ground water 1s discherged from springs and caeps. Geologic
faatures affect the rate of ground-vater rachargs, the storage capac
1ty of the ground-water reservoir, and the 4irsction and speed of
ground-water movement. The principal artificlal effects on ground
water in the Whitney terraca areac ars from wnter use, chiefly vumping,

surface-~ater irrization, and sewage diaposal.
Climate

Precipitation in the area is highly seasonsl, bdeing heaviest in
winter and lightest in summer. The average annual precivitation at
Boise was 11.LU8 inches during the period 1921 to 19%0. Only a rela-
tively small amount of the precipitation recharges grounc water by
direct infiltration. The amount of recharge from other sources is
relatively large and induces relatively large water-level fluctuations
that ¢end to obscure the effscts of recharge from precivitation
(fig. 2). The influence of climatic factors other than precivitation
1s relatively small in this area. Tamperature, of course, affects
precipitation as rain or snov and, when the temperature is lov,

freesing of the ground impedes infiltration.

11
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Topographic Factors

In areas where recharge of ground water is by downward percolation
to homogeneous water-dearing material, the water tadble tends to be a
subdued replica of the land-gsurface configuration. Commonly, however,
the rate of downward percolation is not uniform, owing to horiszontal
and vertical variations in the ability of materials to transmit water.
In general, within a limited area, the higher the land surface, the
greater the depth to water, but this relation is modified dy other
factors. Tor example, the Broadway terrace is about 60 feet lower
than the Whitney terrace (fig. 3), but the depth to water on each
along the line of Roosevelt Street is 5 to 15 feet. The ground water
in the torraces is affected strongly dy local geology and by rapid
local recharge. The influence of topography is shown, however by
the rise of the wvater table towards the Sunrise terrasce. Southward
from the Sunrise terrace, however, the water table drops, though the
land surface continuses t0 rise. Recharge in the non-irrigated area
to the south is not sufficient to maintain the water tadle as high
as that deneath the Yhitnsy terrace.

In general, the depth to water on individual terraces is greater
mear the terrace fronts (pl. 1), owing to losa in hydraulic head by
ground-water discharge at the base of the terrace (fig. 3). Ground-
water seeps are comon along the dase of the steep front of the
Vhitney terrace, vhere the land surface interseots the water table.

13
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Geologio Factors

The ocourrence and dehavior of ground vater in the Whitney
terrace is gomevhat variadle decauss the water—bearing materials
range from highly permeable to nearly impermeable. The area is
underlain at great depth by a "basment" or floor of ancient gran-
itic rocks. Overlying the basement rock are interbedded fine sedi-~
ments and volcanic ash, permeable to impermeable volcanie rocks, and
a thick accumulaiion of lake beds, chiefly clay and sand. Materials
in the upper 15 to 4O feet are alluvial clay, sand, and gravel,
which were deposited in former chammels and on earlier flood Hlains
of the Boise River (fig. 4). Characteristically, the stream deposits
consist of discontinuous stringers of gravel and sand in flood plain
8ilt and clay. Thin beds of well-sorted clay, sand, and gravel ocour
locally at shallow depth. Beds of well-sorted clay are nearly imper-
vious to water, owing to the small sise of interstitial openings.
Oround water moves readily through clean coarse sand and gravel, dut
much of the Whitney terrace sand and gravel contains clay and silt
that partially fills the interstices and impedes ground-water move-
ment. Moreover, vhere sand and gravel overlie relatively imperme-
adle beds of clay, silt, and fine sand in the Whitney terrace, the
fine~grained sediments impede downward percolation of water from
the gravel, causing high water levels, especially during the irri-

gation season, when recharge exceeds underflov from the area.
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Artificial Tactors

The principal artificial factors that influence ground water in
the Whitney terrace are irrigation, yard vatering, and liquid-sevage
discharge. The contridustion of each to ground-water recharge ia
large.

Unconsumed irrigzation water and yard wvater enter the ground
from mmlined canals, irrigated farms, gardens, and lawvns. The
influsnce of cansl losses on ground-water levels is illustrated by
water-level fluctuations in well TN-2E-25bb2, on Apple Street a few
hundred feet north of the Ridendaugh canal. Shortly after water is
turned into the cansl in the spring the vater level in the well

rises zharply (fig. 5).

17



The amount of ground-water recharge from irrigation depends on
the permeadility of the soil, the amount of water applied, and the
amount of water retained above the water tadble as soil moisture.
The amount of water applied to the land and the portion of that
water that reaches the water table have not been determined accur-
ately for the “hitney terrace. The average yearly farm delivery of
irrigation water in the “hitnay terrace is assumed to be adout U
acre~fest per acre. Yatermaster records indicate that farm delivaery
of water in the terrace is appreciably more than ! acre-feet per
acre, and canal diversions may be as much as 6 acre-feet per acre
in :on:; years. However, in the urban area many landowners do not
use the vatasr to wvhich they ars entitled, dut divert 4% into drains
which ultimately carry i% dack to the canal. For the purpose of
this report, and to illustrate the affects of irrigation, the farm-
delivery figure of U4 acre-feed per acre is sufficiently accurate.
The estimated average depletion of the irrigation water by consump-
$ive use is assumed to de 2 acre-feet per acre. Assuming that there
18 1ittle or no surface runoff of unconsumed water, the averags
Yearly net recharge from irrigation on the terrace is 2bout 2 acre-
feet per acre of irrigated land. Infiltration from unlined canals
coniridutes ar additional dut unknown amount of recharge. Pecharge
from irrigation temporarily raises the vater levels an averags of
8 to 10 feet in much of the Boise Valley (see hydrographa of walls),
and comparable rises probadbly occur in the Whitnsy terrace, satur-
ating the ground all the wvay %o the surface at some places.

18
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The part of the Whitney terrace between Curtis Street and U. S.
Highway 30 contains about 3,200 acres, of which about 35 percent
(1,120 acres) is residential area. The percentages of the residential
area that actually is occupied by streets and dbuildings is not known
but it is here assumed that fully developed urdan tracts are 50 pe. -
cent covered. ZIZvidence suggests, however, that application of yaru
water 1s much heavier than that in irrigated fields. Thus, urban
devﬁlop-ont pr;iably does not cause much decrease in the artificial
recharge. The tctal loss of irrigation and yard water to the ground
probadbly is about 6,400 acre-feet a yesar, or an avarage of 2 acre-
feet per acre. Full urdan development of the terrace area might
change the total of recharge from irrigation and yard watering, bdut

the change cannot be estimated.

20



Iffluent sewage from moat houses and establishments on the
terrace is released directly to the ground and essentially all of
the liquid affluent from cesspools and sertin tancs is added t., the
ground water. The estimated population in the area here reported on
1s about 15.000. The av rage per capita volume of sewage effluent

is about 8% ga."nns a dul'j and the aggregate volume is abous

1/ Andrew Wahl, Superin.enient, Sewage Dept., City of Boise.
(Personal communication, 1955).

1,275,000 gallons a day or 465,375,000 gallons (1,400 acre-feet)
yearly. BEssentially all of the domestic water now used is imported
from outside of the area or is pumped from deep aquifers that are
unrelated to the shallow aquifers in which the drainage problem
occurs. The yearly volume of sewage effluent is equivalens to O.4l
acre—-foot per acre per year in the 3,200-acrs area. Iull urban

development would increase the amount to 1.26 aore-feet per acre.

21



Agsuming that the estimated amounts of recharge from irrigation
and sewvage systems are reasonably accurats, the total volume of
ground-water recharge from botk sources is about 2.4 (2.0 plus 0.4k)
acre~faset per acre a year, or 0.4 acre-foot per acre more than when
the entire area was irrigated farms. Full urban development would
increase the ysarly ground-water recharge to about }.26 acre-feet
per acre from toth sources, or 1.26 foot more than the current amount.
The net amount of rscharge then would be 65 percent greater than in
irrigated fislds. A further rise in ground-water levels, and aggra-
vation of the drainage problem, therefore, is anticipated with con~-
tinued urban development if the practice of disposing of sewage in
the ground is continued.

Rising water levels would be accompanied by increased ground-
water underflow from the arsa, and the net cuzulative yearly water-
level rise might be small. Seasonal fluctuation of water levels
would become smaller, oving to the larger proportion of recharge from
sewvage effluent, which does not vary markedly in seasonal volunme.
Proposed future irrigation on the Hillcrest Unit of the Mountain Home
Projact may ircrease annual recharge by underflow to the Whitney

terrace, and aggravate the drainage problem.

22



“Yethods of Controlling Ground-Water Levels

Several means are available for abating the ground-water and
drainage problems. The Vhitney terrace east of Curtis Street is so
situated that its water problems can be largsly isolated from those
of adjoining areas. At present there .s no nearby irrigated area at
higher altitude than the terrace. The watsr table in the lower
Broadway terrace is well below that on the wWhitney torre .

Possible remedies [or excessive recharge of ground water include
(1) economical water use, (2) insulating leaky canals, (3) establish-
ing a water-tight pudlic sewage system to conduct sewage effluent out
of the ar.:, and (.) construction and operation of drainage works.
These remedies could de applied separately or collectively. The
sewvage system would become increasingly important as urban develop-
ment continues. In addition to alleviating the drainage prodlem a
closed public sewage system would reduca a potentially serious health

hlllrd.ll

1/ H. C. Clare, ldaho State Sarnitation Engineer. (Porsozal communi-
cation, 1955,
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Drainage ditches and drainage wells merit special mention.
Properly constructed wells commonly are more effective than ditches
vhere the sone of saturation is sufficiently thick and permeadle to
yield large amounts of wvater to wells. In areas where permeable
naterials extend only to shallow depth and overlie less permeable
materials, interception drains extending normal to the direction of
ground-wvater movement help prevent the rise of water levels. Surface
drains are lecs desirable in residential areas because they are
ungightly, ars a hasard to small children, take up a large amount of
space, and commonly lower water levels only slightly.

The effect of drain ditches and wells on water levels is illus-
trated {n figure 8, Pumping from a well causes a depression in the
vater table arcund the well in the general shape of an inverted conas.
The &imensions of the cone of depression (the arsa of influence)
depend on the ability of the water-bearing material to store and
transmit water and on the rate of pumping. The amount of drawdown
in a wall and the sise of its area of influence increase as the
pumping rate and duration nf pumping increase. VWhere the cones of
depraession around two or more pumping wells overlap, drawdown is
increaged throuzhout the areas of influsnce (fig. 9).

A consideradble amount of field and laboratory study would de
necessary to determins the desirable numder and spacing of wells

needed for satisfactory drainage.
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