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DISCHARGE AND SEDIMENT LOADS IN THE BOISE
RIVER DRAINAGE BASIN, IDAHO 1939-40

By S. K. Love and P. C. BexepicT
) ABSTRACT

The Boise River project is a highly developed agricultural area comprising some
520 square miles of valley and bench lands in southwestern Idaho, Water for
irrigation is obtained from the Boise River and its tributaries which are regulated
by storage in Arrow Rock and Deer Flat reservoirs. Distribution of water to the
farms is effected by 27 priacipal canals and several small farm laterals which
divert directly from the river. The New York Canal, which is the largest, not
only supplies water to smaller canals and farm laterals, but also is used to fill
Deer Flat Reservoir near Nampa from which water is furnished to farms in the
lower valley. During the past 15 years maintenance costs in a number of those
canals have increased due to deposition of sediment in them and in the river
channel itself below the mouth of Moore Creek.

Interest in determining the runoff and sediment loads from certain areas in the
Boise River drainage basin led to an investigation by the Flood Control Co-
ordinating Committee of the Department of Agriculture. Measurements of daily
discharge and sediments loads were made by the Geological Survay at 13 stations
ii the drainsige basin during the 18-month period ended June 30, 1940, The
stations were on streams in areas having different kinds of vegetative cover and
subjacted to different kinds of land-use practice. Data obtained during the in-
vestigation furnish a basis for certain comparisons of runoff and sediment loads
from several arsas and for several periods of time.

Runoff measured at stations on the. Boise River near Twin Springs and on
Moore Creek near Arrow Rock was smaller during 1939 than during 1940 and was
below the average annual runoff for the period of available record.” Runoff
measured at the other stations on the project also was smaller during 1939 than
during 1940 and probably did not exceed the average for the previous 25 years.

The sediment loads measured during the spring runoff in 1939 were smaller
at most stations than those measured during the spring runoff in 1940. At those
stations where the flow was not affected, or only slightly affected, by upstream
diversions or by placer-mining operations, the largest s2diment loads per unit of
drainage area were measured in Grouse Creek during both 1939 and 1940, amount-
ing to 3,460 and 2,490 tons per square mile, respectively, and the smallest loads
per unit of drainage area were measured in Bannock Creek during 1939 and in the
Boise River near Twin Springs during 1940, amounting to 14 and 83 tons per
square mile, respectively.

Size anaylses of a large number of samples of suspended and deposited
sediments give an indication of the|origin of sediments carried past some of the
stations. The analyses show that most of the sediment measured at the five
stations in the Moore Creek drainage basin above Idaho City consisted largely of
coarse material. They show, also, that the sediment measured at the station on
Moore Creek above Thorn Creek consisted almost entirely of fine material during

1
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practically the entire period of the investigation. Mostof the coarse material pass- .
ing the stations above Idaho City probably was retained behind the dikes or in
the pools usually formed by tailings from dredging operations in the placer-mining
area below Idaho City, and much of the fine material measured at the station
on Moore Creek above Thorn Creek probably was @ntributed by placer-mining
activity. PDuring the years when the spring runoff is greater than that measured
during 1939 and 1940, it is probable that the dikes and pools will be less effective
in retaining coarse sediments within the placered area.

Records of sediment loads measured in the New York Canal indicate that a
negligible amount of sediment was deposited there during 1939, but that in 1940
from 10 to 15 percent of the total load at the gaging station consisted of coarse
sediment which was later deposited on the canal bottom. Most of the fine material
was doubtless carried through the canal and eventually deposited in diversion
ditches and on farm land.. Because the sediment carried past the stationon Moore
Creek above Thorn Creek consisted almost entirely of fine material, it is probable,,
that a considerable part of the coarse sediment carried in the New York Canal
during the 1940 spring runoff period was scoured from the large bed of deposited
material in the Boise River above Diversion Dam, and that the remainder came
from Grimes Creek. Arrow Rock Reservoir was not sluiced during the investiga-
tion, and it is therefore unlikely that any of the coarse sediment in the New York
Canal came from the Boise River above Moore Creek during 1939 and 1940.

The average dry weight of 71 samples of deposited sediments collected from
several parts of the Boise River drainage basin is about 90 pounds per eubic
foot. The average specific gravity of 77 samples of deposited sediments is 2.57.

INTRODUCTION

During the 18-month period ended June 30, 1940, under a coopera-
tive arrangement with the Flood Control Coordinating Committee ‘of
the Department of Agriculture, the Geological Survey measured run-
off and sediment loads at 13 stations on streams in the Boise River
drainage basin in Idaho. The project was initiated by the Flood Con-
trol Coordinating Committee for the purpese of determining the run-
off and sediment loads of certain streams in areas having different kinds
of vegetative cover and subjected to different kinds of land-use
practice:

Field work was performed by personnel of the Geologlcal Survey
under the direction of T. R. Newell, district engineer, Boise, Idaho, who
served as the local representative of the Geological Survey. The con-
struction of gaging stations, the measurements of discharge and chan-
nel cross sections, and general field operations were under the immedi-
ate supervision of P. C. Benedict, engineer. He was assisted in the
construction of the gaging stations by J. R. Throckmorton, engineer,
and in general field measurements and operations by E. J. Rusho and
H. L. Walpole, engineers. The development of sediment-sampling
equipment, the collecting of sediment samples and their analysis in the
laboratory, and the computation of sediment loads were under the
direction of S. K. Love, chemist. He was assisted in the laboratory

: {




BOISE RIVER DRAINAGE BASIN . -8

"'a,'na.lysis of samples by H. A. Swenson, chemist. The collecting\ of
sediment samples was done mostly by local help.

Acknowledgements are made to officials of the several interested
agencies for their cooperation and assistance during the investigation.
Among those who helped plan the work or who furnished information
are T. H. Van Meter, project leader, Boise Watershed Survey, who
served as the representative of the coopera,tmg agencies of the Depart-
ment of Agriculture; Guy B. Mains, supervisor, Boise National Forest;
W. H. Tuller, manager, Board of Control Boise Project; R. J. N ewell
construction engineer, United States Bureau of Reclamation; W. E.
Welsh, watermaster, Boise River; Franklin Girard, Idaho State
forester; and the county commissioners of Boise County.

Records collected from the beginning of the investigation to Sep-
tember 30, 1939, are given in two progress reports issued in mimeo-
graphed form under the title, ““Discharge and silt loads in the Boise
‘River drainage basin, Idaho,” The first progress report, issued in
November 1939, showed results for the 6-month period ended June-
30, 1939, and the second issued in April 1940, covered the 3-month
period ended Septembér 30, 1939.

A third report, also mimeographed, was issued in December 1940
under the title, “Discharge and sediment loads in the Boise River
drainage basin, Idaho, 1939-40.” It contained a brief description of
the general features of the Boise River drainage basin and a discussion
both of the methods used in the investigation and of the problems
involved in the measurement of runoff and sediment loads. It also
contained records collected between October 1, 1939, and June 30,
1940, and summarized results for the entire 18-month period.

The present report includes all the basic data given in the mimeo-
graphed reports, detailed results of size analyses of sediments most
of which were not given in the earlier reports, and other data not
previously released. The records of daily discharge obtained during
the investigation also are published in Geological Survey Water-
Supply Papers 883 and 903.

BOISE RIVER DRAINAGE BASIN
GEOGRAPHY

The drainage basin of Boise River is in southwestern Idaho and
comprises parts of Camas, Elmore, Boise, Ada, Canyon, Gem, and
Payette Counties. It is about 115 miles in length and 60 mile$ in
maximum width, and has an area of about 4,130 square miles. Boise,
the capital city of Idaho, is located in the upper end of Boise Valley,
8 miles below the mouth of Boise River Canyon and 22 miles downs
' stream from Arrow Rock Dam. The other principal cities are
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Caldwell and Nampa The Union Pacific Railroad passes through
the Valley, crossmg the river at Caldwell.

Agriculture is the most important industry, consisting mainly of
dairying and general farming. In some parts of the valley, fruit
and special crops such as potatoes, peas, and head lettuce are grown,

- Dry farming and stock raising are carried on in parts of the Moore
Creek and South Fork Basins. Sheep and cattle are grazed in the
national forests late in spring and during the summer months.

Gold was first discovered near Idaho City, once the Capital of
Idaho, in 1862.. Since that time placer and hard-rock mining have
been carried on in the Moore Creek Basin. Other mining properties
have been or are now being operated near Atlanta on the Middle
Fork and Rocky Bar on the South Fork.

The mountainous areas of Boise River watershed sre in general
covered with speciés of pine, fir, and spruce, depending on elevation,
exposure, precipitation, and the condition of the soil. Logging
operations have been carried on extensively since the discovery of gold.
In 1904 the Barber Lumber Co. constructed a mill and dam at Barber,
7 miles southeast of Boise, and in 1914 the Boise Payette Lumber Co.
acquired the property. Logs were shipped from the Idaho City area
by rail. Timber cut in the North, Middle, and South Forks Basins
was floated down the rivers during the spring runoff each year.
Arrow Rock Dam, which was completed in 1917, is provided with a
log chute. By 1935 all the readily accessible timbet had been logged
off and the mill was dismantled. The Boise and Sawtooth National
Forests include 2,160 square miles of forested and grazing areas drained
by the Boise River and its tributaries. The boundary line of the
Boise National Forest crosses Boise River about 2 miles below Arrow
Rock Dam. The main drainage features and the location of 13
stream-flow and sedlment-measurmg stations are shown on the map
in plate I.

TOPOGRAPHY AND DRAINAGE

The topography of the Boise River dramage basin varies from
rugged and mountainous in the upper or eastern part of the basin to
essentially flat in the lower or western part. Elevations range from a
maximum of about 10,000 feet in the Boise River headwaters near
Atlanta to about 2,200 feet at Parma near its mouth. The moun-
tainous areas at the higher elevations are in general covered with tim-
ber except in regions where extensive logging operations or serious
‘burns have occurred. Areas at lower elevations support only desert
vegetation except along stream channels and on irrigated land. The
mountains are composed chiefly of granites and comprise about two-
thirds of the drainage area. Weathered granites are the source of

by
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most of the sediments in the streams. Extensive lava flows have left -
beds of basalt several hundred feet thick in parts of the valley of the
South Fork of the Boise River. Remnants of these flows also are
found in the lower part of Moore Creek Basin and in other parts of
the Boise River drainage basin.

Boise River, one of the larger tributaries of the Snake River, has a
drainage area of 3,820 square miles above the gaging station at Notus.
It is formed by the conflience of the North and Middle Forks near
Twin Springs. The South Fork, the largest of the major tributaries,
- discharges into the Boise River just above Arrow Rock Dam. The
North and Middle Forks have the most productive watersheds, as
their headwaters lie on the western slope of the Sawtooth Mountains.
This short range of mountains has some of the highest peaks in south-
ern Idaho and are the source of several other rivers that drain into
the Snake River.

The maximum discharge of record (regulated) for the Boise River
at the Dowling Ranch gaging station 3'miles below Arrow Rock Dam
was 17,600 second-feet in 1928. Moore Creek, the only remaining
tributary of any magnitude, discharges into the river about a mile
below the Dowling ranch station. The combined drainage area at
the mouth of Moore Creek is about 2,650 square miles. The tributary -
inflow below this point is rather inconsequential except for occasional
flood runoff from desert areas from melting snow. .

Deer Flat Reservoir, near Nampa, is filled.each spring when the
runoff is sufficient, by Moore Creek flow and releases from Arrow
Rock Reservoir. This water is diverted from the Boise River at
Diversion Dam, 8 miles downstream from Moore Creek and is
delivered to the reservoir throug‘h the New York Canal.

Floods, or the maximum discharge for the Boise River, usually
occur during the latter part of May or the first part of June and
result from melting snow in the higher mountain areas. The peak
discharge for Moore Creek generally occurs in February or March,
as a greater part of its drainage area is at a much lower elevation.

CLIMATE

Winters in the mountainous areas are long and severe. Snowfall
\is heavy and temperatures below zero are common. Many highways
over the high passes are, blocked with snow for several months each
year. Summers are characterized by warm days and cool nights.
At the higher altitudes frosts may be expected during every month
of the year. .

In the-areas at lower altitudes, which include Boise and practically
all the irrigated lands, winters are usually mild, although temperatures
below zero are experienced at times during some years. Snowfall is
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ordinarily light, seldom remaining on the ground for more than a few

days at a time. Summers dre usually hot, but the humidity is seldom

high enough to be oppressive. Temperatures of 100° F. and above
are not unusual.

Precipitation is heaviest in the mountains and lightest in the plams
Most of the annual precipitation occurs during fall, winter, and spring;

summers are usually dry over the entire area. At the highér altitudes

a large proportion of the precipitation occurs as snow, a greater part
of which reaches the streams as surface runoff, and is largely responsi-
ble for the peak discharges experienced in May and June. Part also
percolates into the ground to the water table and reaches the streams
as ground water runoff which contributes most of the water to the
perennial streams during the late summer months.

Monthly and annual precipitation and temperature records for

three United States Weather Bureau stations within the Boise River °

drainage basin are given for the 3-year period ended September 30,
1940, and are shown graphically in figures 1 to 6.
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ended September 30, 1940, and the

The stations for which records of precipitation and temperature are
available are at Idaho City, Arrow Rock, and Boise, at altitudes of
4,000, 3,230, and 2,705 feet, respectively. Precipitation and tempera-
ture records for those stations have been obtained and published by

'

Precipitation in inches for 3-year period ended Sept. 30, 1940, at Idaho City,
Arrow Rock, and Botse !

Idaho Cityfgzlte)vaﬁon 4,000 | Arrow Rock e(:g;avation 3,20 [ Boige (elevation 2,705 feot),
Nor- Nor- Nor-
1937- | 1938- | 1939~ 1937- | 1938~ | 1939- 1937~ | 1938- | 1939

mal 35 mal 28 mal 77

38 39 40 | years 38 39 40 years 38 39 40 years
October_..._.. 1321 219 0.90{ 1.58| 1.36| 1.57| 200 | 1.31 .18 168 | 0.70 1.24
November___.| 3.16 | 8.21| 0 3.10 | 3.17| 3.40 031 2771 171 2.51 .13 1.28
December_._.| 580 | 2.78| 2.75| 3.02| 3.65| 1.60 | 1.97| 2.38| 210 571 1.39 1. 57
January......| 3.47) 2.74| 3.30| 817} 23.08| 1.8 | 3.17)| 2.90| L351 1.19 [21.84 1.73
211 3.55]| 6,80 2.82] 1.3 | 2.8 { 413 | 2.37 .82} 1.38| 178 1.44
6.156 | 1.37 | 3.90| 2.32| 4.36 .80 | 289 | 2.09| 3.16 .76 ] 2.26 1.36
.47 L7 170 1.30 .78 .60 | 3.04| 1.43| 109 .36 | 1.80 1.19
2.98 .36 ] 0 140 2.71 .15 .08 1.24 | 2.55 11 .09 1.41
2,07 .50 .12 LO8 [ 2.35 .21 .08 .96 1.29 .38 .08 .91
1.06 .26 .66 .44 2.09 .26 .31 .32 .85 .15 .36 .24
August_ .05 021 0 .41 0 .11 .05 .26 .03 Tr. .01 .19
September. .25 150 218 .70 L1411 1,38 | %43 .50 34| 153 1.87 .55
Total....... 28.80119.19 [ 22231 | 21.34 | 24.67 | 14.82 ) 20.18 | 18.53 | 16.63 | 10.62 | 12.31 13.11

1 From U: 8. Weather Bureau records.

2 Station moved.
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the United States Weather Bureau, as follows: Idaho City, 35 years;
Arrow Rock, 28 years; and Boise, 77 years. The station at Boise was
moved from the Federal Bu}ldmg to the alrport in January 1940.

Temperature in ° F. for 3-year period ended Sept. 30, 1940, at Idaho Czty, Arrow
Rock., and Boise *

A Idaho Cityfg(élte)vation 4,000 | Arrow Rockr e{gg)ev:xtion 3,230 Boise (elevation 2,705 feet)
Nor- Nor- Nor-
1937- | 1938~ | 1939- 1937- | 1938~ | 1939~ 1937~ | 1938~ | 1939~
mal 35 mal 28 mal 77 .
38 39 40 years 38 39 40 years 38 39 40 years
. z a3

Qctober.._.... 49.1| 49.6 | 47.8|. 48.0 | 51.0| 51.0| 48.8| 50.7| 55.2| 540 | 52.3 51.1
November_...| 37.8| 290.2| 381 | 3i7| 40.6 | 31.4| 38.8| 37.5| 45.7| 35.6 | 42,4 41.0
December_...| 28.4 | 28.6 | 34.6| 256 | 3.7} 2.7 354 27.0| 37.5| 342 | 40.2 32.1
27.0] 26.7( 30.1| 24.1| 28.1| 27.0{ 3L.0| 245 36.9| 34.0 (2830 29.8
31.6 | 2.2 32.7| 28.9) 358 | 226! 34.4] 30.4| 40.6| 30.4) 38.9 34.9
34.0-{ 36.6 | 40.4 | "35.1 37.3] 36.1| 428 | 39.1 | 41.8| 44.4| 456 42,7
45,2 | 47.7 | 46.2 | 44.0| 49.0 | 50.4| 48.4| 487 | 518 53.6| 50.0 50.4
50.1) 56.2| b56.4 | 529 | 5421 60.1} 60.8| 57.2| b56.2| 61.8 ) 613 57.2
5.6 | 56.6| 64.0| 59.6 651 | 61.2| 6.2 652 | 67.0| 63.1| 69.6 65.4
66.4 | 68.8| 68.4| 67.3 726 | 742 752 746 | 75.0| 75.9| 749 72.9
August_._____ 64.9| 68.5| 68.1| 658 70.6| 74.8| 751 72.7 ) 7.8 747 | 4.2 71.8
September..._| 63.0| 58.4| 59.3 | 57.0| 67.1| 622 | 62.6 | 623 | 68.6 | 64.3 [ 63.2 61.9
Average....| 46.4| 45.8| 48.8| 45.3 | 50.3 | 48.4| 51.9| 49.2| 53.9| hH2.2{ &3.8 50.9

t From U. 8. Weather Bureau records.
2 Station moved. -

~ The records show wide variations in precipitation with respect to
location and altitude. Precipitation at all three stations was above
normal in 1938, below normal in 1939, and approached the long-time
average in 1940. Maximum and minimum aonual precipitation at
the three stations for the pertod 1914—40, together with the calendar
years in which they occurred; are given in the following table. ’

Mazimum and minimum annual precipitation, 1914~40

Mazximum Minimum
/
Station "

Amount | Calendar | Amount | Calendar

(inches) year (inches) year
Idaho City....._ - 33.48 1027 14. 53 1924
Arrow Rock._ - - 25.44 1927 10. 61 1924
BOIS oo oo oo 15.41 1927 7.95 | 1933

The temperature vecqrds indicate that ’ohe year ended September 30,
1940, was generally warmer than the years 1938 and 1939. At Idaho

Clty the average temperature during 1940 was 3.5° F. above the 35-

year average. During 1939 the averages at all three stations
approached the long-time averages although there was considerable
variation from the normal during individual months.
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LIST OF STATIONS \

Boige River near Twin Springs
Boise River at Dowling Ranch near Arrow Rock
Boise River at Notus
Cottonwood Creek at Arrow Rock Reservoir
Grouse Creek near Arrow Rock -
Moore Creek above Granite Creek near ldaho City
Moore Creek above Thorn Creek near ldaho City
Granite Creek near Idaho City
Bannock Creek near ldaho City
10. Pine Creek near ldaho City
10a. Pine Creek above Barry Placar Diversion near ldaho City
11. Elk Creek near idaho City
11a. Elk Creek above Gold Hill Placer Diversion near Idaho City
12. New York Canal near Barber
13. Cottonwood Guich at Boise
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STREAM GB-ADIENTS ‘ ' .

Stream gra,dlents in different parts of the Boise River dra,magp area
vary within wide limits. Gradients in the mountainous area are
generally steep, ranging from about 20 to 200 feet per mile; those in
the Boise River Valley are more gentle, averaging from 9 to 13 feet
per mile. The gradients of streams obviously are related to’ their
capacity for transporting sediments: As the gradients decrease, the’
transporting power of the stream diminishes. Other fa,ctqrs mﬁuenc—
ing the rate of sediment transportation are the size of particles of
the material transported, the availability of sediment for transporta-
tion, and the roughness of the stream bed. The velocity of the
stream, also an important factor, is a function of the gradient, the
roughness of the stream bed, and the hydraulic radius.

Ty Siream gradienis in the Boise River drainage basin

Length | Fallin | Gradient
Stream Reach of reach | reach | (feet per
\ . .| (miles) (feet) mile)

North Fork, Boise River.| From 5,400-foot contour to confluence of 33.4 1,926 58
Middle Fork of Boise River.
Middle Fork, Boise | From 5,400-foot contour to confluence of 39.1 1,926 49
North Fork of Boise River.
South Fork Boise River..| From 6,400-foot contour to 5,400-foot; contour. 13.4 1,000 75
From 5,400-foot contour to Arrow Rock Dam.__ 92.6 2,44 26
From confluence of Northand Mldd.le Forks of 23.8 518 22
Boise River to Arrow Rock D
Arrow Rock Dam to Boise (8th St. Bndge)._.. 22 282 13
B%se (8th St. Bridge) to confluence with Snake 50 464 9
iver.
From 5,400-foot contour to 4,000-foot contour !__ 8 1,400 175
_| From 4,000-foot contour 2 to 3,550-foot contour. . 9 450 50
From 3,550-foot contour to confluence with 7 P 670 39
Boise River. :

Grouse Creek........._.. From 4,000-foot contour to 3,200-foot contour 3. 4 800 200

1 (taging station on Moore Creek above Granite Creek.
2 (laging station on Moore Creek above Thorn Creek. '
8 Masimum water-surface elovation in Arrow Rock Reservoir in 1939 was 3,219 feet.

RESEBVOIRS *

A There are three reservoirs in the Boise River drainage basin for
* which storage or gage—height records are available. These records are
given in the annual series of water-supply papers on surface water
that are published by the Geologlcal Survey.

Arrow Rock Reservoir is formed by Arrow Rock Dam (see pl. 2),
which is located on the Boise River at Arrow Rock, Idaho, 22 miles
by road east of Boise, and 4 miles above Moore Creek. The capacity
of the reservoir is 291,600 acre-feet between elevations of 2,956 feet
(11 feet below center line of sluice gates, 8.5 feet below sill) and 3,216
feet (crest of movable spillway at highest position). Dead storage is
negligible. Boise project officials state that the total capacity of the
reservoir may have been reduced by as much as 5,000 to 6,000 acre-

758529—48—2 .
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feet by the deposition of sediment since the reservoir was completed
in 1915. Water from the reservoir is used for irrigation of lands in
Boise Valley. ' .

Deer Flat Reservoir is an off-stream reservoir about 20 miles
west of Boise and about 4 miles southwest of Nampa. The capacity
of the reservoir is 177,150 acre-feet between gage heights 0.0 feet
(sill of outlet gages) and 30.0 feet (maximum operating level). Dead
storage is about 13,000 acre-feet. In addition to water from local
drainage, the reservoir receives water from the Boise River through
the New York Canal. Water is used for irrigation of lower Boise
River project lands. '

Little Camas Reservoir is located on Little Camas Creek 4 miles
northeast of Bennett and 22 miles northeast of Mountain Home. The
capacity of the reservoir is 22,300 acre-feet between gage heights
4,931.0 feet (4.5 feet above bottom of outlet) and 4,965.0 feet (crest
of spillway). Dead storage is unknown. Water is diverted from the
Boise River basin for irrigation of about 5,000 acres of land in the
vicinity of Mountain Home.

Three smaller reservoirs in the drainage basin for which gage-height
or storage records are not available are Orchard, capacity 4,800 acre~
feet; Pleasant Valley, capacity 7,900 acre-feet; and Hubbard, capacity
7,500 acre-feet.

IRRIGATED AREAS

About 333,000 acres in the Boise River Valley are irrigated by
water from thé Boise River and its tributaries. Practically all the
area is located in the Boise River Valley between Diversion Dam,
about 8 miles southeast of Boise, and the mouth of the river at the
Idaho-Oregon State line about 45 miles northwest of Boise. A small
area outside of the Boise River drainage-basin, lying in southwestern
Canyon County, Idaho, and in eastern Malheur County, Oregon,
also is irrigated by water from the Boise River. Another small area
comprising about 5,000 acres in the vicinity of Mountain Home is
irrigated by releases from Little Camas Reservoir, which impounds
water from small tributaries of the South Fork of the Boise River.

PLACER-MINING AREAS

/

The recovery of gold from placer deposits has been carried on in the
Boise Basin since its discovery in 1862.! The name, Boise Basin,
formerly Idaho Basin, has been given to the mining area drained by

1 Metzger, O. H. Reconnaissance of placer mining in Boise County, Idaho: Bur. Mines Information
Cire. 7028, August 1938.
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Moore Creek and its tributaries. Mining there has been done by
dredging and by hydraulic and ‘hand methods. Dredging of the
stream-gravels began in 1896 at a point 4} miles above the mouth of
Grimes Creek.? During the period of the investigation covered by
this report dredges were operated on Grimes Creek and on Moore
Creek below Idaho City. No stream-flow or sediment-measuring
stations were located on Grimes Creek. Hydraulic and hand methods
" also were used on placers on Moore Creek, the most active of which
were located above Idaho City. Placers operated in other parts of
the Boise River drainage basin were small and had relatively little
effect on the streams. )

The most important factor, other than those due to nature, affect- -
ing sediment loads during the period of investigation was the operation
of a large bucket-line dredge in the narrow valley adjacent to Idaho
City. The dredged area extends from a point about one-fourth mile
above the station on Moore Creek above Thorn Creek to a point
near the mouth of Granite Creek, a distance of about 9 miles. Tail-
ings from-the dredge have been dumped in large piles over the valley.
Dredging operations occasionally interfere with the course of Moore
Creck and the channel in the area adjacent to Idaho City has been
shifted from time to time. The water level in the ‘“dredge pool” is
maintained by building dikes and by controlling the inflow. Other
dikes or ridges and deep pools result from the normal operations of .
the dredge. Some of these pools created by earlier dredging near the
mouth of Pine Creek are practically full of sediment. So long as the
" dikes below Idaho City remain intact and the pools are not filled they
are effective in reducing the amount of coarse sediment removed from
the area.

The Gold Hill Placer, near Idaho City, was the largest hydraulic
placer in operation in the Boise Basin. Water for this placer was
diverted from both Moore and Elk Creeks. Actual operation of the
placer mine was limited to a few weeks late in the spring of 1939 and
1940.

Rubow Placer, a small but active placer, was operated a short
distance above the gaging station on Elk Creek near Idaho City and
on Spanish Fork which enters Elk Creek immediately below the
station. Tailings from this placer filled the stream channel with
sediments to a depth of about 2.5 feet in the vicinity of the station.
The station was moved to a new site on February 4, 1940.

2 Lindgren, Waldemar, The mining districts of the Idahe Basin and the Boise Ridge, Idaho, U. 8. Geol.
Survey. 18th Ann. Rept., pp. 617-744, 1898,
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AREAS SELECTED FOR RUNOFF AND SEDIMENT-LOAD MEASURE-
MENTS

The following brief descriptions of the drainage areas selected for
special runoff and sediment-load investigation were prepared by
J. P. Thompson 2 of the Soil Conservation Service:

* * * .a general analysis of the situation on the watershed as a whole
suggests that the most important watershed ('ondxtlons to be sampled are as
follows: !

1. Placered areas ‘

2. Burnedl areas

3. Cut-over areas

4, Virgin timber aréas

5. Range areas in three different stages of depletion.

To determine the effect of placer mining, samples are taken on lower Moore
Creek below an active placer area. The silt measurements at this station are
compared with measurements taken on all of the major tributaries which come
into Moore Creek above the placer area. These include the. Elk Creek station
characterized by old placer operations, extensive burn and logged conditions, and
intensive grazing. The upper Moore Creek station is below an area characterized
in part by virgin timber, but grazed, a portion of a bad burn, and old placer dig-
gings. The remaining three stations are on small tributaries of between 4,000 and
5,000 acres each, Granite Creek being characterized by an old burn, Bannock Creek
by virgin Ponderosa pine and Pine Creek by a recent logging operation of
Ponderosa pine.

Twin Springs station samples the entire upper and middle fork of Boise River
watershed, which is characterized by mixed forest, grass, and brush vegetation in
relatively good econdition. * * * The Notus station measures the silt leaving
the basin. There are three smaller watersheds, namely Cottonwood Creek,
Grouse Creek, and Cottonwood Guleh, which are representative of fairly good
range, very seriously depleted range, and moderately depleted range conditions,
respectively.

RUNOFF
MEASUREMENT OF RUNOFF

Runoﬁ was measured at 13 gaging stations as an integral part of
the sediment investigation. Three of the stations have been operated
many years by the Geologidal Survey in cooperation with the State
of Idaho. One station,.on the New York Canal near Barber, was
established originally by the Bureau of Reclamation, United States
Department of the Interior, and has been operated during recent
years by the Boise River watermaster. The New York Canal also is
known as the Main South Side Canal. The remaining 9 stations were
established especially for this investigation. The new stations were
provided with equipment to meet the requirements of a program of
3 to 5 years. The type of artificial control structure used was selected

3 Thompson, J. P., Report on the program of stream gaging and silt measurements, Boxse River Water-

shed, Idaho, conducted by the United States Department of the Interior, Geological Survey, Water Re-
, Sources Branch, 1939: Typewritten report in files of 3o0il Conservation Service, U. 8. Dept. Agr. 1939,

N




after a study of the physical characteristics of each stream. Water-
stage recorders were installed in substantial wooden houses and:
wells. The equipment was improved at the 4 stations previously
operated in connection with continuing cooperative programs.

Field reconnaissances of the several drainage areas during the early
stages of the investigation showed that diversions for placer mining
operations were being made above a number of the gaging stations.
Arrangements were made to obtain supplemental records of discharge
on those diversions affecting the runoff measured from the designated
drainage basins. Immediately after authorization was received from
the Flood Control Coordinating Committee of the Department of -
Agriculture to continue the investigation from January to June 1940,
construction was begun on two new gaging stations to replace two
which were seriously affected by diversions. On February 4, 1940°
(see pl. 3 B) the station on Elk Creek was moved 4% miles upstream
in order that the records obtained might more nearly repregent runoff
and sediment-load characteristics of the drainage basin. The station
on Pine Creek (see pl. 4) was moved three-fourths of a mile upstream
on February 13, 1940, to eliminate the effects of proposed placer
mining operations adjacent to the original location. The changes in
location, equipment, and dramage areas are glven in the station
descriptions.

The basic records collected at the gaging statmns consist of records
_ of stage, measurements of discharge and general information used to
supplement the gage heights and discharge measurements in determin-
.ing the daily flow. The records of stage at all 13 gaging stations were
obtained from water-stage recorders that give a continuous record of
. fluctuation. Measurements of discharge were made with current
meters in accordance with the standard practices of the Geological
Survey, except when flows were too small to be obtained in the
ordinary manner. Measurements of these small flows were made
with the portable V-notch and Cippoletti weirs. Discharges for weir
measurements were computed by means of Cone’s formulas,‘* thus,

V-notch weir___..___Q =2.49 28

Cippoletti weir.____. Q=3.247 BIS— 0.566 B'S

142 1+2 B8

in which Q is the discharge in second—feet, B is the width of the weir
crest in feet, and H is the depth in feet of water over the crest of the
weir as measured in the pool above.

" Rating tables giving the discharges for all stages recorded were
prepared for each station from the discharge measurements. The
application of the rating tables to the daily gage heights determined

H19+0 609 H?25

4 O'Brien, M. P., and Hickox, G, H., Applied fluid mechanics, p. 146, McGraw-Hill Book Co., 1937.

RUNOFF ' S 15 -
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from the recorder graphs gives the daily discharges from which the
monthly mean discharges were computed. The computation of
sediment loads requires that frequent instantaneous discharges be
determined during peuods when fluctuations of stage are conse-
quential.

Other data pertaining to the water supply of the Boise River drain-
age basin, collected under the regular cooperative stream-gaging
program prior to and during the period of this investigation, published
by the Geological Survey in the annual series of reports, Surface water
supply of the United States, part 13, Snake River Basin (prior to
1935, designated as part XII, B). The locality, kind of information
and period covered are indicated below:

Arrow Rock Reservoir at Arrow Rock (contents)—Octoher 1917 to June
1940.

Boise River at Boise (discharge)—March 1940 to June 1940.

Boise River at Strawberry Glen Bridge near Boise (discharge)—March
1938 to June 1940.

South Fork of Boise River near Lenox (discharge)—March 1911 to June
1940.

Little Camas Reservoir near Bennett (fra,gmenta,ry gage heights)—March
1924 to September 1939.

Little Camas Canal near Bennett (discharge, irrigation seasons only)——
1917, 1924 to 1940.

Moore Creek near Arrow Rock (dlscharge)——December 1915 to June 1940.

Deer Flat Reservoir near Caldwell (contents)—October 1917 to June 1940.

Diversions from Boise River (summary of discharge)—irrigation seasons
1919-40.

The profile of the Boise River between Barber Dam and the mouth
was developed by observing water-surface elevations at nine gages in *
the reach during the freshet period of 1938. Fragmentary repetition
of the profile record was made during the season of 1939. ‘These
water-surface elevations are referred to sea level United States Army
Engineer datum, Boise River Surveys. (See Water-Supply Papers
863 and 883.) .

COMPARISON OF RUNOFF

In order to compare the runoff measured during the period of the
investigation with- that of earlier years, stations on the Boise River
near Twin Springs and on Moore Creek, at mouth, near Arrow Rock
were selected as being representative of the Boise River and Moore
Creek drainage basins, respectively. Records for 29 years on the
Boise River and 24 years on Moore Creek are given in both tabular
and graphical form. (See figs. 7, 8.) Although the perlod ‘of the
investigation covered only 18 months the figures given are for the
water years ended September 30, 1939 and 1940, in order that they
may be compared with the previous years of record.
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Corripam'san of discharge in 1939 and 1940 with average and median for period of
record !

Boise River near Twin Springs

[Drainage area 830 square miles]

1939 1940

Discharge | Percent of | Discharge | Percent of
(second- 28-year (second- 20-year

feet) Aaverage feet) average
Average for period Feb. 1 to June 30._......o...__.._... 1,447 72 1,949 97

Average for year ended Sept. 30._%.___ 816 74 1,010 92
Annual average for period of record -
Median of annual average for period of record.
Maximum observed for year ended-Sept. 30..
Maximum observed for period of record.____.
Average of annual maxima for period of record. .. -
Median of annual maxima for period of record-..____.__

Moore Creek near Arrow Rock '
[Drainage area 426 square miles] ’ -

1939 - 1940

G -

Discharge | Percent of | Discharge | Percent
(second- 23-year (second- | of 24-year
feet) average | feet) average

+ These comparisons show that the runoff during 1940 was greater
at both stations than during 1939 but below the average annual
runoff for the period of record. The maximum observed discharge
on Moore Creek during 1940 was greater than the maximums for all
years except 1932 and 1936. OQn the day of maximum discharge in
Moore Creek in 1940 (3,370 second-feet, March 27) the maximum
sediment load for a single day (12,200 tons) was measured at the
gaging station on the New York Canal. Since there were no releases
from Arrow Rock Reservoir between March 18 and April 1, 1940,
the river flow at Diversion Dam during this period consisted only of |
stream flow from Moore Creek and minor tributaries. The sediment
loads consisted of material brought in by Moore Creek and material .
scoured from the sediment deposits in the Boise River channel above®
Diversion ' Dam. . :
Records of the spring runoff for the 13 stations operated during )
the period of investigation show that the flow was greater in 1940
than in 1939. Runoff is reported in inches in the following table for
only those stations above which there was no appreciable regulation
or diversion.
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Discharge measured during spring run?ﬁ of 1989 and 1940—February-June

- 1939 1940
Station ;
Acre-feet | Inches! | Acre-feet | Inches?

Boise River near T'win Springs. .. ..____.._____ ... 4,30, 400 e.73 583, 600 13.18

Cottonwood Creek at Arrow Rock Reservoir._. - 4.36 6, 280 5.52

Grouse Creek______.____ .. ... - 1 /40 . 4.09 l, 960 4.61

Moore Creek above Thorn Creek._._____. . 55, 330 5.58 , 600 7.03

Granite Cmo _______ - ' 2.46 887 3.47

Bannock Creek .. . iceeooe oo e e mm—————— 470 1.97 761 3.17

Elk Creek above Gold Hill Placer diversion 2. ___ .. .. |oceoccomoan 9, 040 12,95

Cottonwood Gulch at Boise:. 1,990 2, 200 2.57
. Boise River at Dowling ranch 797, 900 946, 800

Boise River at Notus. ... “eeo - , 100 000

Mooré Creek above Granite Creek - 16, 740 18, 080

Pine Creek near Idaho Citys_ . ....._....__ (1571 TN N

Pine Creek above Barry Placer diversion ¢ ___.____________| ... - 787

Elk Oreek near Idaho ©ity 5. ... 8,080 |omooomomofocceaaeoo s -

New York Canal 447, 000 470, 600

1Runoff in mches not reported for last 7 stations int the table because of appreclable regulation or diver-
sion above stations.

2 Station operated Feb. 4, to June 30, 1940,

3 Station operated Jan. 6, 1939 to Feb. 12, 1940,

4 Station operated Feb. 13 to June 30, 1940,

§ Station operated Jan. 20, 1939 to Feb. 4, 1940,

DIVERSIONS FROM THE BOISE RIVER

Between the gaging stations at Dowling ranch and Notus, 27
principal canals and several small farm laterals divert watér from
th Boise River for irrigation. Records-for the year 1919 to 1940 are
available, Records of;the daily diversions subsequent to 1915 are on
file in the office of the Idaho Commissioner of Reclamation. Daily
gage heights were obtained, frequent discharge measurements were
made, and the records were summarized under the direction of- W. E.
Welsh, watermaster for Boise River.- The total amount of water
diverted by these canals during the irrigation season of 1939 was
1,253,000 acre-feet. Of this total 567,640 acre-feet was diverted by

the New York Canal, which'is the main canal of the Bureau of Recla-

' mation, and 146,460 acre-féet by the Ridenbaugh Canal, the second
largest.canal in the area.

SEDIMENT LOADS
DEFINITION OF TERMS

i

In this paper certain terms, which depart from the usual terminol-
ogy, are used in the discussion of sediment loads. Definitions of
these terms have been adapted from: (1) Reports 1 and 3 of a series of
9 issued in connection with a study of methods used in measurement
and analysis of sediment loads in streams conducted jointly by the
Geological Survey, Corps of Engineers, Department of Agriculture,
Office of Indian Affairs, Tennessee Valley Authority, Bureau of
Reclamation, and Iowa Institute of Hydraulic Research at the

Hydraulic Laboratory, State University of Iowa, Iowa City, Iowa; -
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and (2) Geological Survey Professional Paper 86, “The transportatlon
of debris by runmng water,” by G. K. Gilbert.

Sediment is fragmental material transported by, suspended in, or
deposited by, water or air, or accumulated in beds by other natural
agents.

Suspended sediment is sediment that remains in suspension in water
,~ for a considerable period of time without contact with the bottom.
Deposited sediment is sediment that has been temporarily or per-
- manently deposited from suspension.in water.

Sediment concentration is the ratio of the weight of the sediment in
a water-sediment mixture to the total weight of the mixture. It is
expressed in parts per million in the reports issued in connection with
the Boise River sediment investigation.

The sediment load is the amount of sediment carried by a stream
past a reference point, as a gaging station. In this report it refers
either to the material carried in suspension or to the total amount of
material transported including the so-called bed load.

A point sample is a sample of water and sediment obtained at a
single point in the cross section of a stream with an instantaneous type
of sampler. All point samples were taken with the’ Tait-Binckley
sampler.

A bottom sample is a pomt sample collected at*the bottom of a
stream, ordinarily including material from the bottom 2% inches.

An integrated (or depth-integrated) sample is a sample collected in
such a manner that it contains water and sediment from all points in
the vertical section of a stream.

Bed load is that part of the sediment load which is in almost con-
tinuous contact with the stream bed and is being rolled or pushed
along by the force of the moving water.

A dune is a form of bed load in which sediment moves along the
bottom of a stream, molded into a hill that travels downstream.
Material is eroded from the upstream face and deposited on the down-
stream face by the flowing water.

.

COLLECTION OF SEDIMENT SAMPLES

During the 18-month period of investigation a total of 43,900
sediment samples were collected at the 13 stream-flow, sediment-
measuring stations. At the main river stations samples were collected
from the cable-car installations. At the tributary stations the samples
were taken from foot bridges near the natural or artificial controls.

SAMPLING EQUIPMENT

The sampling equipment used by the Geological Survey prior to
this investigation consisted of the Tait-Binckley, Colorado River,
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and brass-pipe samplers. The Tait-Binckley sampler was used to
collect instantaneous samples when depths and velocities were not
excessive. The Colorado River sampler was used to collect both
point-integrated and depth-integrated samples, but the brass-pipe
sampler was limited to the collection of depth-integrated samples.

Because of the wide range of sampling conditions encountered on
the Boise River and tributaries it was necessary to modify the avail-
able equ1pment and develop new in order to obtain reliable results.

Two types of depth-integrating samplers were used. The first type
consisted of a pint milk bottle supported on a rigid hand<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>