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FOREWORD

The Water Resources Research Institute has provided the ad

ministrative coordination for this study and helped organize with

staff of the Idaho Water Resource Board the study team that con

ducted the investigation. It is the Institute's policy to make

available the results of significant water-related research con

ducted in Idaho's universities and colleges. The Institute neither

endorses or rejects the findings of the authors. However, it

does recommend careful consideration of the accumulated data con

tained within this report by those who are assuredly going to con

tinue to study water problems of the Boise River Basin and its

hydrologic interplay with both the Payette and Snake Rivers.

XI





ABSTRACT

This study of the water use and water control of the Boise

River Project as a part of a case study of Federal expenditures

on a water and related land resources project has reviewed the

basic hydrologic system, the reservoir system, the irrigation

system, the water rights, the ground water conditions, the flood;

and flood control, and general reservoir operations over time.

Emphasis in the study has been the accumulation, classification,

and arrangement of water information for later use in the over

all research effort of studying whether the objectives of water

development are being met. This has been done recognizing that

the planning for and development of the Boise River Project has

been evolutionary over a period of over 100 years. Where pos

sible an audit has been presented of whether the water use and

water control functions are meeting good standards. Brief con

clusions are presented with recommendations for mroe detailed

studies that might be accomplished in future phases of this con

tinuing project.

xn





INTRODUCTION

I

I

I
The Boise River system in western Idaho represents a water

resource development typical of reclamation developments in the

Western United States. Development has taken place over a 110

year period during which time the predominant agricultural inter

ests of the populous have been diluted to some extent by indus

trial and commercial endeavor but particularly by the activities

of State and Federal government centered around the Capital City

of Boise. The Boise Project has been the subject of a continu

ous planning and development effort by both the U.S. Bureau of

Reclamation and the U.S. Army Corps of Engineers. For these rea

sons it was chosen as the case study for this research.

This report was prepared to present basic hydrologic infor

mation on river flows, reservoir operations, irrigation water use,

and floods. These data will contribute to later phases of research

concerned with the post-audit analysis of federal expenditures on

this major water and related land resource development project

in Idaho. The study addresses both surface and ground water as-

I Pects of the Boise Project.

:

i

i

i

i

i

i

Basin Description

The Boise River, a major tributary of the Snake River, is

part of the Columbia River drainage system. The Boise River basin

(Figure 1) can be divided into two general areas on the basis of

its topography. The lower watershed includes the portion of the

basin below Lucky Peak Dam and is characterized by river bottom



L
O

C
A

T
IO

N
M

A
P

F
I
G
U
R
E

1
.

B
A
S
I
N

M
A
P

O
F

T
H
E

B
O
I
S
E

R
I
V
E
R

B
A
S
I
N



:

i

land, terraces, and low rolling hills with a few distinct moun

tains. The upper watershed is composed of steep mountains with

a highly dissected pattern of V-shaped valleys.

Total drainage area of the Boise River Basin is 4234 square

miles with the upper basin above Lucky Peak Dam having a basin

area of 2650 square miles. The principal water courses flow in

a westerly direction from headwaters in the Sawtooth Mountains

about 200 miles to join the Snake River at River mile 391.3.

The elevation ranges from about 2200 feet at the mouth of the Boise

River to 10,600 feet along the eastern boundary of the basin in

the Sawtooth Mountains.

Major tributaries of the Boise River are:

North Fork 382 square miles

Middle Fork 380 square miles

South Fork 1314 square miles

Mores Creek 426 square miles

These four tributaries comprise about 97 percent of the drain

age area above Lucky Peak Dam and about 63 percent of the total

drainage area of the basin. Streams in the lower watershed flow

only during the spring and early summer.

The climate of the Boise River watershed is characterized

by hot, dry summers and moderately cold winters. The area is

dominated by Pacific maritime air, considerably modified by the

topographic barriers that confront the easterly flow of air from

the ocean to the Rocky Mountains. Polar continental air occasion

ally enters the area during the winter months causing short per

iods of extremely low temperatures. The maximum recorded temp

erature for the Boise Valley is 112°F and the minimum recorded



temperature is -38QF.

An isohyetal map of normal annual precipitation, adopted from

studies made by the U.S. Army Corps of Engineers, is presented

as Figure 2. Mean annual precipitation over the upper portion

of the watershed is about 28 inches; it ranges from about 14 inches

near Lucky Peak Dam to approximately 50 inches at higher elevations.

In the Sawtooth Mountains where the annual precipitation depths

are greater, over one-half of the annual amount occurs during the

winter months, mostly as snow. At the higher elevations snow starts

accumulating in September or October. The snow pack ripens to a

maximum water equivalent in April or May. Most floods are of the

spring snowmelt type, with occasional spring rain floods superimposed

on snowmelt conditions.

The Boise basin hydrometeorological network is comprised of

stream gages, precipitation temperature, and evaporation stations

and a good network of high elevation snow courses. Figure 3 gives

a map identifying the type and location of the present stations.

Numerous older stations have been discontinued, some due to the

effect of backwater at storage projects.

Federal expenditures for water development date back to auth

orization of the Boise Project in 1905. Development has continued

since then with the last major construction being Lucky Peak Dam

in 1955. The water resource development has been multipurpose

in nature with consideration for the agricultural use of water in

irrigating semi-arid lands the primary purpose. Flood control has

become more important as urban growth has increased. Production
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I
of hydropower, an integral part of the project, has been primarily

for pumping water to lands outside the project.

I

:

:

Later parts of the report will give more, specific information

on both water use and water control elements of the Boise Project.

The area discussed in this study is limited to project lands with

in the Boise River Basin served by water development facilities built

with Federal monies.



RUNOFF

A brief indication of the flow characteristics of important

segments of the Boise River are presented to clarify various fea

tures of the project. Three representative locations have been

selected. The Boise River near Twin Springs represents character

istics of the northern portion of the basin including both the

North Fork and the Middle Fork of the Boise River (drainage area

of 830 square miles). The second site for which information is

presented is the South Fork of the Boise River at Anderson Ranch

Dam. It represents the southeastern part of the basin and encom

passes an area of 982 square miles. The third site for which char

acteristic flow data is presented is at Diversion Dam (Boise River

near Boise) which has a drainage area of 2680 square miles. Diver

sion Dam is between Lucky Peak Dam and the City of Boise. This site

represents the area influenced by the accumulated effects of three

major reservoirs and is the major diversion point for water used

in the basin. The Boise River is also gaged at Notus, Idaho near

the confluence of the Boise River and the Snake River. Measured

discharges at this station reflect the effects of irrigation diver

sions and return flows for the entire reach of the river below

Diversion Dam.

Records of measured flow for these four stations are available

in U.S. Geological Survey Water Supply Papers for surface water

flow in Idaho, and a convenient record of regulated monthly flows

has been compiled by the Idaho Water Resource Board for the three



I

;

i

:

:

:

:

i

i

:

:

:

i

i

i

representative locations mentioned above.

Flow records for the representative sites are presented for

a dry year, a wet year and a near average year in the following

set of figures. To be consistent with other parts of this report,

the representative years chosen are: dry year (1960-61), near

average year (1969-70), and wet year (1970-71). These periods

were chosen because good records were available and all major fea

tures of the Boise project were operational during these years.

Recorded flows reflect the effect of upstream storage and

diversions. If there are upstream reservoirs, the measured mean

daily flow at a gaging site is adjusted to mean daily "natural"

flow by the relationship:

n _ n . ASl AS2 ASnQn~ Qm + — +—+... _

where

Qn = natural flow in c.f.s.

Qm = recorded discharge in c.f.s.

ASi = daily change in storage in first upstream reservoir
in acre feet.

AS2 = daily change in storage in second upstream reservoir
in acre feet. .

ASn = daily change in storage in nth upstream reservoir in
acre feet.

Ci = conversion factor for converting daily change in storage
in acre feet to equivalent acreage discharge in c.f.s.
The Boise River Watermaster uses Ci = 2.0, 2.0 acre feet
of storage is equivalent to 1.0 c.f.s. of discharge within
1% of accuracy.

The Twin Springs station is unaffected by upstream diversions

and has continuous records from 1911 to present. Figures 4a, 4b,



and 4c show hydrographs of the mean daily natural flow for three

representative years. A useful summary of monthly flows in acre

feet for Boise River near Twin Springs is available from the Idaho

Water Resource Board. In addition, a graph of natural flows is

contained in the Idaho Water Resource Inventory (1968) along with

hydrographs of maximum discharge, 20% probability, mean, 80% prob

ability and minimum monthly discharges for the period 1912-1965.

Figures 5a-c and 6a-c are hydrographs of the natural and reg

ulated flow of the South Fork at Anderson Ranch Dam and of the

Boise River at Diversion Dam for the three representative years.

Tabulations of natural flows at Diversion Dam contained in the

annual reports of the Boise River Watermaster, supplement the hydro-

graphs which have been presented as Figures 6a-c.

No measurements have been made which permit a description of

natural runoff from arid lands in the part of the drainage below

Diversion Dam. It is obvious that the natural runoff is very low

because streams in the areas where irrigation is not practiced flow

only when there are major storms. In irrigated areas return flow

is the dominant flow in natural and artificial channels. This is

discussed in more detail in the Irrigation Return Flow section.

A study of water yield maps for Idaho by Rosa (1968) indicates

that runoff from the portion of the Boise River basin below Diver

sion Dam averages less than 1 inch per year. Rosa's water yield

map for this area is contained in the Idaho Water Resource Inven

tory (1968).

10
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Forecasts of Runoff

Because the Boise River is fed by snowmelt, it has been pos

sible to develop a rather successful forecast procedure. Four

federal agencies make seasonal runoff forecasts. In addition,

the Boise Project Board of Control makes a somewhat parallel but

independent appraisal. A brief discussion of these four federal

procedures follows.

National Weather Service. The River Forecast Center of the

National Weather Service issues monthly forecasts for the Boise

River near Boise from April through July. A total forecast index

is calculated for the South Fork of the Boise River at Anderson

Ranch and for the Boise River at Twin Springs. With these two

indices, the April through July runoff at both locations can be

determined from graphical plots. The total forecast indices for

Anderson Ranch and Twin Springs are calculated from the follow

ing two equations.

Twin Springs: Rt = 30.9X - 178.6

Anderson Ranch: Rar = 43.3X + 353.0

where: R-t - April-July runoff in 1000 acre feet of

Boise River at Twin Springs

Rar = April-July runoff in 1000 acre feet of

South Fork of Boise River at Anderson Ranch

X = Index value taken from graphs

The variables in the index are weighted values of monthly precipi

tation at four stations, Arrowrock Dam, Centerville, Idaho City,

and Lowman and weighted values of snow water equivalent measurements
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at Atlanta Summit, Galena, Moores Creek Summit and Trinity Mountain.

The sum of Rt and Rar are then used in a third plot to deter

mine the forecast for the Boise River near Boise (Diversion Dam)

gage. The National Weather Service, calls this Boise + AS, but

in this report the forecast value is designated RD

The new equation is presented below:

RD = 1.283 Xx - 90.0

where: RD = April-July runoff in 1000 acre feet for the Boise

River near Boise (Diversion Dam) gage.

Xl - Rt + Rar

Soil Conservation Service. The SCS makes, runoff forecasts each

month between February and April of April through September run

off. A May through September runoff forecast is made on May 1.

Only one equation is used:

Rs = 25.47 Xi + 40.85 X2 - 267.01

where:

Rs = April-September runoff of the Boise River at the near

Boise River gage in thousands of acre feet.

Xi = Total August through March precipitation at Idaho City

in inches.

X2 = Average of maximum snow water equivalent observed to

date at Atlanta Summit, Bogus Basin, Moore's Creek Sum

mit, and Trinity Mountain.

A new equation is to be prepared in the near future.

U.S. Bureau of Reclamation. The Bureau of Reclamation pre

pares forecasts for seasonal values of natural or unregulated

21



runoff volume of the Boise River near Boise (Diversion Dam) on a

monthly basis beginning in January. The seasonal runoff RB refer:

to the period October to July; the entire filling period of the res

ervoirs. A succession of forecast equations have been used and

the latest equation is as follows:

RB - 0.686 Xi + 24.69 X2 4 3.076 X3 + 26.13 X4 - 1170

where:

RB = October through July natural flow runoff of the Boise

River at Diversion Dam (1,000 A.F.),

Xi = July-September antecedent natural flow runoff of Boise

River at Diversion Dam (1,000 A.F.).

X2 = Summation of October-March precipitation. Anderson Ranch

Dam + Arrowrock Dam times 2 * Centervilie Arbaugh Ranch

+ Idaho City (inches).

Xo = Summation of April 1 snow water equivalent Atlanta

Summit + Jackson Peak + Moores Creek + Trinity Mountain

+ Vienna Mines times 2 (inches).

X4 = Summation of April + 0.250 May f 0.166 June precipita

tion for four stations as weighted as in X2 (inches).

For cases when forecast is made in advance of availability

of that current month's data an estimate is made on the basis of

the long time mean for that month at that location.

Early forms of the forecast equation used by the U.S. Bureau

of Reclamation used mean December and March temperatures at Idaho

City as well as antecedent runoff data for first, second and third

antecedent years.
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To illustrate more specifically how the forecast is prepared,

a sample worksheet (Table 1) is presented for the average year con

dition of 1970. Forecasts were also computed for 1961 and 1971.

It was assumed that data were available up to the beginning of

the month on all forecast parameters. The month of January 1961

was not presented because some basic data of snow water equivalent

were not available. Table 2 gives the comparative results of these

example years using the newest U.S. Bureau of Reclamation runoff

forecast equation.

U.S. Army Corps of Engineers. The Corps of Engineers prepares

forecasts for seasonal volume of natural runoff for the Boise River

near Boise (Diversion Dam). Forecasts of April-July runoff are

made each month beginning in January. The natural runoff for April

through July (Rc) is a function of the computed generated runoff

value Rc. Rc is obtained from a graph included in the Reservoir

Regulation Manual (1956) by using the computed value of R^ as an

index. The units are in inches of runoff and to obtain the fore

cast value in acre feet, one is required to multiply by 141,333.

The equation for the computed generated runoff value (R£ is as

follows:

Rc = 0.398 Xi + 0.301 X2 + X3 - 4.65

where:

Rc = April to July computed runoff depth of natural flow of

Boise River at Diversion Dam.

xl = April 1 basin snow water equivalent in inches. This is

obtained from a graphical method of weighting the mea

sured snow water equivalent according to elevation zone

23



Table 1. Sample Worksheet Illustrating Use of U.S. Bureau of
Reclamation Forecast Equation for Predicting

Natural Runoff of Boise River at Diversion Dam

for April 1, 1970

X = July - Sept antecedent runoff (1000 acre feet)
1 = July + Aug + Sept natural runoff from Watermaster Report

= 128.9 + 51.3 + 48.7 X = 228.9

X = October-March Precipitation (Inches)

Station Oct. Nov. Dec. Jan. Feb. March Season

Anderson Ranch 0.89 0.3 3 4.98 11.14 5.56 1.70 19.73

Arrowrock X 2 0.86 1.3 5 6.44 18.18 2.14 1.82 30.80

Centerville 0.34 0.6 5 3.44 11.41 1.42 2.62 19.88

Idaho City 0.79 0.9 5 3.95 10.74 1.36 1.93 19.72

2.88 3.34 18.81 51.47 5.56 8.07 90.13

X. 90.13

X = April 1 Snow Water Equivalent (Inches)
= Atlanta Summit + Jackson Peak + Moores Cr Summit + Trinity

Mountain + Vienna Mine X2 (Inches)
= 35.4 + 34.2 + 35.6 + 44.4 + 73.8 X 223.4

X = Spring Precipitation (Inches)

Station

Anderson Ranch

Arrowrock X 2

Centerville

Idaho City

Weighting Factor
Weighted Total

Average Monthly Precipitation
April

1.30

2.82

1.96

1.84

7.92

1.00

7.92

May June

1.28 1.40

2.82 2.60

1.95 1.95

1.76 1.80

7.81 7.75

0.25 0.166

1.95 1.29

X, = 11.16
4

RB =0.686X1 + 24.69X2 + 3.076X3 + 26.13X4
Less natural runoff Oct-Mar

1170 = 2191.1 (Oct-July
-528.5 in 1000 ac

ft)

April - July runoff forecast (1000 ac ft) = 1662.6

24



I

:

:

:

Table 2. Sample Results of Boise River Forecast
Procedure Applied to Example Years 1961,

1970 and 1971 (1000 Acre Feet)

Dry Year - 1961

Actual Runoff from

Beginning of Month to July 31

Forecasted Runoff from

Beginning of Month to July 31

% Error

Average Year - 19 70

Actual Runoff from

Beginning of Month to July 31

Forecasted Runoff from

Beginning of Month to July 31

% Error

Wet Year - 1971

Actual Runoff from

Beginning of Month to July 31

Forecast Runoff from

Beginning of Month to July 31

% Error

Jan. Feb. March April

949.6 907.1 848.3 757.1

1040.6 1008.1 1020.1

15% +19% +35%

Jan. Feb. March April

1921.5 1794.5 1692.8 1543.7

1392.7 2265.6 1882.8 1662.6

-28% 26% 11% 8%

Jan. Feb. March April

3011.9 2855.8 2688.5 2477.0

2443.7 2602.7 2369.7 2418.0

-19% -9% -12% -2%
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and snow area covered.

X2 = Sum Station Precipitation

(Basin Normal average precipitation) , .. ,
;- z-^ = 2—- %—i , r i , where the basin
(Sum of Normal average precipitation)

normal average precipitation (NAP) is 28.2 and the sum

mation of the NAP for the stations used in the forecast

procedure are Atlanta, Arrowrock Centerville, Idaho

City, Lowman, and Pine.

Xo = Effective basin spring precipitation, April-July in inches

This is taken from a graph in which snow cover 1st of

April in percent is plotted against effective basin spring

precipitation in inches.

The forecast generated runoff is adjusted to reflect total run

off by adding the March 31 recession volume and deducting an es

timate of the July 31 recession volume.

_ j-j. „. 9 (March 31 flow in cfs) n noForecast runoff = R^ + — s-j? 333— —- - 0.08

where the March 31 flow is the natural flow of Boise River near

Boise in inches. The recession runoff after July 31 is assumed

to be 0.08 inches.

Comparisons of Forecasts

Table 3 contains comparisons of agency forecasts for a com

mon period April 1 through July 31 for 1970 and 1971. The Bureau

of Reclamation forecasts were derived using the new procedure,

because actual forecasts made in 1970 and 1971 used a different

equation. Plate A-4 of the Boise River Reservoir Regulation Man

ual was used to adjust the various forecasts to a common initial
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runoff forecast date of April 1. Average natural flow in August and

September was deducted to adjust April to September forecasts to the

April to July period.

Table 3. Comparison of Agency Forecasts" for Boise River
near Boise, 1970 and 1971, Forecasts in 1000 Acre Feet

1970

NWS

SCS

USBR

USCE

Actual April-July runoff

1971

January 1 February 1 March 1 April 1

• 2155 1785 1680

1905 1705 1750
1150 1900 1690 1662

1921 1722 1637
1569 1569 1569 1569

NWS 2695 2425 2394
SCS 2305 2205 2405
USBR 2040 2170 2120 2418
USCE 1920 2305 2163 2495
ual April-July runoff 2467 2467 2467 2467

A comparison of forecasts by the four agencies shows considerable

differences in runoff volumes. All forecasts improve with proximity

to the forecast date, however in 1970 all forecasts were high begin

ning in February and remained considerably above the actual runoff

through April 1. It should be pointed out that only the USBR and Corps

of Engineers forecasts are used in reservoir regulation decisions.

Consequences of errors in the April-July runoff forecast are

evident in examination of the rule curves for reservoir space required

for flood control. These curves, contained in the Corps of Engineers

Reservoir Regulation Manual, indicate that a 300,000 acre foot error

27



in the April 1 - July 31 forecast, as occurred on March 1, 1971,

would require a difference in required storage on April 1 of

165,000 acre feet. This is 17 percent of the 988,000 acre feet

of space available for flood control. Forecast comparisons as

outlined in Table 3 and comparisons for other years indicate that

a further evaluation of forecast procedures should be performed and

new procedures such as one recently developed by the Agricultural

Research Service might be considered.
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FLOODS AND FLOOD FREQUENCY

Perhaps as a result of man's increased activities in the flood

plain, water development projects on the Boise River have progres

sively considered flood control as a more important part of the

project. Most of the emphasis has centered on protection of the

Boise urban area and the agricultural lands downstream from Boise.

In addition, the value of storage on the Boise River as a means

of controlling flood damages on the Lower Columbia River has been

recognized.

Floods on the Boise River normally occur from snowmelt run

off in the period from April to June. The severity is increased

when the runoff from high intensity rainstorms is superimposed on

that from snowmelt flows. Occasionally there have been high run

off events caused by rain on frozen ground. Little is known about

the frequency and general behavior of such floods. Thunderstorm

floods have been a critical problem on the Boise Front tributary

drainages such as Cottonwood Creek, Crane Gulch, and Stuart Gulch.

Floods on these normally dry stream channels have caused problems

in Boise City proper. Since this report is devoted to the projects

of the main river, floods of the tributary drainages have not been

discussedo Reports that have pertinent information on the trib

utary drainage problem are:

1. The 1967 report "Flood Plain Information, Boise, Idaho

and Vicinity, Boise River and Northside Tributaries" by

the U.S. Corps of Engineers (1967).
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2. Postflood Report, December, 1964, January 1965, Spring

1965, Walla Walla District, U.S. Corps of Engineers, 1966,

3. A U.S. Geological Survey report, "Cloudburst Flood at

Boise, Idaho, August 20, September 22, 26, 1959," C.A.

Thomas (1959).

4. An Intermountain Forest and Range Experiment Station re

port, "Appendix Survey Report, Boise River Watershed"

Idaho and Oregon, U.S. Department of Agriculture (1949).

5. A Field Flood Control Coordinating Committee Report, "Run

off and Waterflow Retardation and Soil Erosion Prevention

for Flood Control Purposes-The Boise River, 1940", U.S.

Dept. of Agriculture (1940).

Historic Occurrences

Several contacts made in this study indicate that earliest

reference to a major flood in historical times is a flood in 1862

just at the beginning of settlement of the valley. E.G. Steward

(1930) stated:

"A Mr. Costen, who owned a ranch south and east of Barber,
came to the valley in 1862, and he stated that on the Fourth
of July of that year that all of the valley in the river
bottom between there and Caldwell was covered with water."

According to Dr. M. Wells of the Idaho State Historical Society,

a Mr. William E. Welch, former Boise River Watermaster, made a

special study and verified the occurrence of this flood.

The largest measured flood magnitude of record was that of

June 14, 1896 when a flow of 35,500 cfs was observed. Larger floods

may have occurred in 1871 and 1872 (51).
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Another important historic flood was caused by a very intense

rainstorm, sometimes referred to as the "Rattlesnake Creek Thun

derstorm" , of November 18-23, 1909. Most of these high intensity

rainstorm floods appear to occur during periods other than the

snowmelt flood season. This particular storm centered in the Mid-

cle Fork Drainage of the Boise River at Rattlesnake Creek. The

storm was comprised of a series of low pressure systems and con

sisted of three bursts of thunderstorm precipitation. The maximum

recorded precipitation for different time intervals is shown in

Table 4.

Table 4. Maximum Precipitation Intensities During
the Rattlesnake Creek Storm of November 18-23, 1909,

Boise River Drainage, Idaho

DEPTH (Inches) DURATION (Hours)

4.4 6

6.6 12

7.4 24

8.8 36

10.8 48

13.0 90

Indications were that the accumulated snow pack up to Novem

ber 18 was below normal for that season of the year. Nevertheless,

the storm resulted in a peak discharge at the Highland gage (Boise
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River near Boise) of 15,200 cfs on November 23, 1909. This com

pares with the normal natural flow for that season of the year of

about 1000 cfs. An excellent analysis of this storm has been made

by the U.S. Corps of Engineers and is available for review in the

open file report, U.S. Corps of Engineers, (1940). The Rattlesnake

Creek storm and resulting flood typify high peak-low volume rainstorm

floods which can effectively be controlled by the storage which is

now provided.

In December, 1964, an intense rainstorm caused the greatest

natural flow on record. This storm was centered lower in the ba

sin, thus the existing structures provided complete control. With

the outflow at Lucky Peak Dam regulated at 52 cfs, the instantaneous

flood peak was rated at 44,000 cfs and the mean daily annual peak

was 20,500 cfs.

Another flood occurred in 1971 which is the largest spring

time snowmelt flood since Lucky Peak Reservoir was completed and

the 1955 formalized flood control operation plan for all 3 res

ervoirs was instituted. The floods maximum natural flow of 20,500

cfs was reduced to 6880 cfs at Boise.

Flood Frequencies

Frequency curves display the probability that an event of a

given magnitude will be exceeded. Flood frequency curves are usu

ally prepared using annual maximum flow data, and show the probabil

ity that exists for various flood magnitudes to be exceeded for

any year. The accuracy of such probability prediction is depen

dent upon the length of available record and the accuracy of the
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recorded flood measurements.

As the Boise Project was developed, various flood frequency

curves were prepared to display probability of flooding under both

natural (no project) conditions and regulated conditions (with

project). The purpose of constructing both natural and regulated

frequency curves was to predict the flood reduction effect of the

project.

This section will contain a discussion of available flood data

and make a comparison of the predicted regulation of the Boise

Project with the apparent regulation achieved after twenty years of

flood control operation.

Areas of potential flood damage occur along virtually the

entire reach of Boise River from Diversion Dam to the confluence

with the Snake River. The City of Boise represents the location

of greatest potential damage. Good flow records are available for

Boise River at Boise as well as just above the city (Boise River

near Boise). Flows below the Diversion Dam (Boise River near

Boise minus diversions in the New York Canal) and at Boise reflect

the flood regulation achieved by the storage system and the federal

project diversion. For these reasons frequency studies have gener

ally been concerned with the locations above and at Boise.

I Flooding of agricultural lands below Boise is a frequent prob

lem. The Boise River flood control operating plan was heavily in

fluenced by channel capacities in the lower river which are limited

to about 65 00 cfs. The numerous irrigation diversions and return

flows make frequency analysis very difficult below Boise. No attempt
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has been made in this study to evaluate flow frequencies for lo

cations downstream from Boise.

Natural annual peak flows for the period of record, 1895-19 73,

are listed in Table 5. These data were used to construct a fre

quency curve shown on Figure 7. The curve indicates that, under

conditions of no regulation, there would be a ten percent chance

each year of flows exceeding 22,000 cfs and a fifty percent chance

of flows being greater than 13,000 cfs.

Also shown on Figure 7 is a frequency curve derived from es

timates of flood peaks for the period 1865-1894. These estimates

were contained in a report of the U.S. Department of Agriculture

(19 40) and were apparently derived from hydrograph reconstruction

studies. They are shown here for comparison because they were also

used, with later recorded data, in project studies. The estimated

peak flows 1865-1894 are shown in Table 6. It is apparent that

the early flood estimates, made from very sketchy information,

were too high.

Regulated maximum discharges for the Boise River at Boise gage

are shown in Table 7. The reader should be aware that storage

began in 1915 at Arrowrock Reservoir. Adequate data on irrigation

diversions were not available prior to 1917. In the period before

1940 the values of historical maximum annual flow were computed

as the sum of Boise River at Dowling Ranch plus recorded flow of

Mores Creek at Arrowrock minus diversions above the Boise River

at Boise gage.

Figure 8 is a graphical comparison of the natural peak dis

charges with regulated flow peaks. It should be pointed out that
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Table 5. Flood Discharge Data of Annual Maximum Mean

Daily Natural Flow of the Boise River
for Period 1895-1974

Year Date

1895 May 6
1896 Jun 14

1897 Apr 19
1898 Apr 27
1899 May 10
1900 May 11
1901 May 16
1902 May 29
1903 Jun 2

1904 Apr 15
1905 Jun 2

1906 May 12
1907 Apr 15
1908 Apr 22
1909 Jun 6

1910 Mar 22

1911 Jun 13

1912 Jun 9

1913 May 28
1914 Apr 16
1915 Apr 20
1916 Jun 19

1917 May 15
1918 Jun 14

1919 May 30
1920 May 18
1921 May 17
1922 May 26
1923 May 26
1924 May 18
1925 May 20
1926 May 6
1927 May 18
1928 May 10
1929 May 25
1930 May 30
1931 May 15
1932 May 14
1933 Jun 4

1934 Mar 30

Peak

Natural

Flow-cfs

7,900

35,500
29,500
7,960

19,000
12,000
13,900
8,190

16,800
19,700
6,260

8,710
17,000
10,600
16,000
16,600
15,100
15,600
13,300
11,300
6,230

16,500
17,850
12,600
11,580
9,620

18,740
18,170
11,950

5,190

14,350
7,090

20,060
20,710
9,370
7,560
5,270

13,580
12,510
6,110

rock + Storage changes
1955-1974 Boise River near Boise + storage change

35

Year Date Peak

Natural

Flow-cfs

1935 May 25 9,500
1936 Apr 24 19,790
1937 May 6 7,700
1938 May 2 19,290
1939 May 1 8,410
1940 May 13 9,870
1941 May 27 8,860
1942 May 27 10,690
1943 Apr 18 25,040
1944 May 16 7,630
1945 May 5 11,640
1946 Apr 19 18,840
1947 May 9 13,840
1948 May 29 15,260
1949 May 16 12,830
1950 May 17 13,670
1951 May 29 14,030
1952 Apr 28 23,430
1953 Apr 29 12,780
1954 May 21 14,460
1955 May 10 10,480
1956 May 25 22,950
1957 May 21 16,930
1958 May 22 21,750
1959 May 16 9,040
1960 May 13 11,840
1961 May 27 7,830
1962 Apr 21 11,340
1963 May 24 11,480
1964 Dec 25 27,290
1965 May 1 20,500
1966 May 10 8,220
1967 May 25 15,600
1968 Jun 4 7,050
1969 Apr 24 15,930
1970 May 28 14,850
1971 May 14 20,250
1972 Jun 2 19,600
1973 May 20 9,550
1974 May 9 18,470

, Boise River near Boise

h + Mores Creek near Arrow-
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Table 6. Estimates of Maximum Annual Daily Flow
1865-1894

Year Date Estimated

Peak

Natural

Flow-

Year Date Estimated

Peak

Natural

Flow-cfs

1865 May 4 21,500 1880 May 22 16,300
1866 Apr 25 16,000 1881 Apr 20 29,600
1867 Apr 30 20,200 1882 Jun 6 16,800
1868 May 12 3,800 1883 May 31 13,000
1869 May 6 16,200 1884 May 13 14,200
1870 May 12 15,600 1885 Jun 3 15,000
1871 May 28 43,000 1886 May 22 19,300
1872 May 20 50,000 1887 May 31 16,100
1873 Jun 7 11,800 1888 May 17 6,900
1874 May 25 36,000 1889 Apr 28 5,400
1875 Apr 18 36,000 1890 May 3 20,800
1876 May 28 15,200 1891 May 16 11,400
1877 May 15 13,700 1892 May 26 18,000
1878 Apr 3 11,000 1893 May 16 17,800
1879 May 27 13,000 1894 Apr 24 35,000

the regulation represents four different conditions: (1) no regu

lation other than irrigation diversions in the early period up to

1915; (2) regulation with Arrowrock Reservoir plus irrigation diver

sions in the reach above Boise; (3) regulation with Arrowrock

Reservoir, Anderson Ranch Reservoir plus irrigation diversions in

the reach down to the Boise River at Boise gage and (4) regulation

with Arrowrock, Anderson Ranch, and Lucky Peak reservoirs, plus

irrigation diversions in the reach to Boise. The respective periods

have been marked on Figure 8.
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To utilize information of a compatible population of regula

ted flood data, a study was made of the period from 195 4 to 1973

when all three reservoirs (Arrowrock, Anderson Ranch and Lucky

Peak) were capable of being operated to control floods. Figure

9 is a comparison of the frequency of natural flow annual peak dis

charges (mean daily flow basis) with plotted frequencies of the

historically regulated peak discharges for the Boise River during

the 20 years of common conditions. Regulated flows are at Boise

while natural flows are for the near Boise (Diversion Dam) gage.

Since natural flows are modified only slightly between these two

gages; the comparison can be considered valid. Also presented in

Figure 9 is the flood frequency predicted by the U.S. Army Corps

of Engineers (1946). This frequency curve was computed in 1945

for the anticipated regulation that was expected with Lucky Peak

Reservoir operating in combination with Arrowrock and Anderson

Ranch Reservoirs along with 2,800 cfs diversions through New York

Main Canal of the Boise Project. On this graph (Figure 9) the log-

normal frequency curve for the 79-year period, 1895-1973, has been

redrawn from Figure 7 to show that the 20-year period, 1954-1973,

gives slightly higher peak flood flow values for corresponding

exceedance frequencies.

The regulated floods have been less than predicted flood peaks

in the critical range of high values for the 20-year period. This

indicates that the flood control operation has been more success

ful than anticipated. However, this may be partly due to a change

from the 1946 operating objectives. The trend to gradually shift
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from the original operating objectives is discussed in the RESER

VOIRS section. Daily characteristics of flood reductions are also

presented in figures contained in the RESERVOIRS section.

An interesting and valuable part of the record of the past

floods is the time of occurrence of the peak flood discharge. A

study made of the 109 year period mentioned earlier (1865-1973)

shows that almost all the floods occur between April 15 and June

15. A histogram analysis shows a very uniform distribution of the

period of occurrence of snowmelt flood peaks between April 15 and

June 2. Table 8 is presented to summarize the findings of this time-

of-occurrence of floods. There were three events, March 1910 and

1934, along with a winter rainstorm flood that occurred in Decem

ber, 1964, which do not conform to the usual April-June distribu

tion.

Table 8. Summary of Time-of-Occurrence
of Annual Natural Peak Discharges
of the Boise River - 1865-1973

Period of Year Under

Consideration

Month of April
Month of May
Month of June

April 15-June 2
April - June inclusive

Channel Capacities

River channels change in their lower reaches by an aggradation

process and with development this is often accelerated.

Number of Floods

During Period

42

20

68

18

90

106

Percent of Total

Number of Floods

18.3

62.4

16.5

82.5

97.3
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The capacity of a downstream river channel to carry flood

flows is a major consideration in development of any plan for op

eration of a reservoir system. The Boise River Flood control plan

is greatly influenced by channel capacities which are limited to

about 6500 cfs in the lower reaches. Bench-mark channel capacity

data was found in the report of the U.S. Department of Agriculture

(1940) and is presented in Table 9. Apparently there are no data

on present channel capacities, and considerable aggradation may

have taken place. Thus a resurvey of the river cross sections

should be considered as part of any future control program.

Flood Damages

Because a later phase of research on this overall project will

be involved with economic analyses, a search was made for pertin

ent information on flood damages. This section merely reports

where this information can be found and what period or project was

concerned.

Excellent information on flood damages is contained in the

report of U.S. Department of Agriculture (1940). A copy of this

report contains an excellent map showing areas of flooding for

various flood discharges. It would be useful to compare with later

flood plain maps reported in Flood Plain Information Report of

the U.S. Army Corps of Engineers (1967). The U.S. Geological Sur

vey (196 8) has also published maps showing potential flooding in

the Boise Valley. Flood damage data are presented in Project In

vestigations Report 35A of the U.S. Bureau.of Reclamation (1940)

a report on the Anderson Ranch Reservoir project. A detailed
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Table 9. "Bench-Mark" type Data on Channel Capacity
at Various Locations along the Boise River

Maximum channel capacity at bridges-l

Location Initial survey.
Capacity

Resurvey
Date Date Capacity

Capitol Boulevard Oct
Fairview Mar

Strawberry Glen Jan
Eagle Is. (N. Channel)Jan
Star (New) Mar
Caldwell Jan

Parma Jan

1930 18,680 Sept 1939 11,810
1931 14,085 Sept 1939 15,140
1938 18,228 Sept 1939 18,496
1938 16,177 Sept 1939 18,400
1938 20,820 Sept 1939 15,447
1926 65,900 Sept 1939 35,125
1939 12,296 Sept 1939 12,342

Approximate
location

Maximum channel capacity at clear sections
Date Capacity

Below Fairview Bridge
Head of Eagle Island
Below Eagle Island
Below Star Bridge
Above Caldwell

At Notus Gaging Station
Below Parma Bridge
West of Parma

Oct. 1939 6,098
Oct. 1939 6,055
Oct. 1939 8,956
Oct. 1939 8,478
Oct. 1939 9,143
Oct. 1939 8,170
Oct. 1939 11,642
Oct. 1939 12,342

Compiled from field data obtained from the State of Idaho, Department
of Public Works, Bureau of Highways; Works Progress Administration;
and by the engineering section of the Boise River Watershed Survey.

^Compiled from data obtained from the Water Department, U.S. Engineer
Office, Bonneville, Oregon.

Taken from Table II-C-32 of the Survey Report, Field Flood Control
Coordinating No. 17B, U.S. Department of Agriculture (1940).
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analysis is presented in the U.S. Army Corps of Engineers (1946)

report entitled "Review of Survey Report, Boise River, Idaho, with

View to Control of Floods", The U.S. Army Corps of Engineers (1956)

Reservoir Regulation Manual for Boise River Reservoirs contains a

discharge damage curve for floods in Boise River. Data for this

curve were updated for the U.S. Army Corps of Engineers study (1968)

Interim Report No. 6, "Lucky Peak Power Plant - Twin Springs Dam and

Reservoir, Boise, Idaho".

The U.S. Army Corps of Engineers publishes special postflood

reports. An example of this is U.S. Corps of Engineers (1966),

"Postflood Report December 1964, January 1965, Spring 1965, Walla

Walla District." It is apparent that damage surveys are needed

to update estimates of damages prevented under current operating

procedures. Much development has occurred within the flood plain,

particularly in urban areas.
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WATER RIGHTS STATUS AND EVOLUTION

Early Rights

Earliest water rights on the Boise River precede the estab

lishment of the State. Case notes in an important water rights

case, Farmers Cooperative Ditch Co. y Riverside Irrigation, et al.,

16 Idaho 526 (1909) show rights dating back to 1863. This was

a diversion in 186 3 by Tom Davis about 1.5 miles from the Boise

town limits. The water right was later transferred to a Cyrus

Jacobs in 1872 and was operated as the Jacobs Canal Company.

A claim was made by M.B. Palmer for the earliest right on

the river for a diversion in 1864 of 1200 inches of water near

Middleton. This Palmer Ditch by 1900 was 20 miles long and irri

gated nearly 3000 acres. It apparently became the Middleton Mill

Ditch Co. in 1889.

There was a steady acquisition of water rights during the

period before 1900 and as competition for use of the low flow dur

ing the summer period intensified, there naturally developed con

flict. Thus it was inevitable that judicial action was required

to develop a workable water rights program of allocating water to

the competing uses.

Early records indicate that the water was appropriated for

milling, manufacturing, floating logs, irrigation and for sew

age purposes. It is evident that the irrigation use dominated

over time and it was the court cases regarding irrigation that

finally fashioned workable water decrees.
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Development of Irrigation Districts

To meet the needs of water users, larger canals and better

maintained diversions were needed. This need was met by the for

mation of irrigation districts and cooperative canal companies.

Late in 1900 the Idaho legislature provided for the formation of

irrigation districts, which became quasimunicipal organizations.

The organization of the Pioneer Irrigation District in the vicinity

of Caldwell was quite typical of this trend. The Canyon County

commissioners scheduled an election to ratify the organization and

the referendum was favorable. This district then included five pre

cincts and purchased two older canal systems.

This action strengthened irrigation management and provided

for more workable systems in the early part of 1900 but there still

remained conflicts between existing companies, the new districts,

and adjacent districts.

Early Decrees for Adjudication

The early water right decrees on the Boise River were preceded

by many court cases involving claims of different individuals and

companies that contended they had been harmed by the over alloca

tion of the Boise River waters. The major case came about through

an adjudication case started in August 1902 by the Farmer's Coopera

tive Ditch Company against the Riverside Irrigation District, Ltd.,

et al. Every other ditch and canal company using water from the

river, about 150 in all, joined as defendants. The plaintiff in

the case claimed violation of rights to water that were his by

priority and that were being denied by later appropriators.
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The case began in the district court of the Seventh Judicial

District, Canyon County and encountered an expected legal entangle

ment which spans several years and produced over 1500 pages of

printed testimony. The case was temporarily settled and signed

by District Judge George H. Stewart on January 18, 1906. The deci

sion is now called the Stewart Decree. This court decision in ef

fect determined the priorities for all appropriators on Boise River

from June 1, 1864 to April 1, 1904. In addition, the Stewart Decree

provided a mechanism for the distribution of water through a "slid

ing scale" concept. A portion of the decree defining the sliding

scale concept is quoted below:

"The various rights shall receive 100% until the
natural flow of the waters of the Boise River shall

decrease, until all the rights in said decree cannot
receive 100%, at which time the various rights shall
first be cut to 75% of the amount of water decreed as

the natural flow of the Boise River decreases, beginning
the latest right and proceeding to the earliest rights,
should the natural flow of the waters in Boise River

decrease below the amount necessary to supply said 75%
of the water rights, the various rights beginning with
the latest and proceeding to the earliest, as aforesaid,
shall be reduced to 60% of the amount decreed."

The case was appealed to the Idaho Supreme Court in 1908, where

it was affirmed as to priority and acreage, but was remanded to

the district court "for the sole and only purpose of determining

the duty of water on bench and bottom lands." In 1914 testimony

was taken before the court as to the duty of water on bench and

bottom lands and transcribed as a record of more than 2600 pages.

The final decree of the court concerning the duty of water was

never issued.
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Another court case which began in 1909 is known as the "Flood

Water Suit" or "Bryan Decree". This case in the Seventh Judicial

District involved the Pioneer Irrigation District v. American Ditch

Association, et al., Judge E.L. Bryan signed a decree February

14, 1929, which primarily covered water right priorities from July

2, 1894 up to April 1, 1914. All the rights which it decreed were

made subsequent to the Stewart Decree in legality. Like the Stew

art case, this case was also appealed to the Supreme Court. Some

of the rights involved were upheld but the case was remanded to the

District Court for retrial on the question of duty of water and

for the purpose of determining those rights not upheld.

On January 30, 1932, Judge A.O. Sutton signed an order tem

porarily establishing the various rights in this suit and provid

ing for a duty of water similar to the "Sliding Scale" in the Stewart

Decree, On June 23, 19 33, Judge Chas. E. Winstead of the Third

Judicial District, sitting as a Judge in the Seventh Judicial Dis

trict, signed a continuing order making the 1932 order of Judge

Sutton effective for 1933 and continuing. This order still remains

in effect today.

Federal Water Right Filings

The earliest Federal right grew out. of a filing by C.W. Moore,

et al. as Application No. 553, License No. 430 with a priority

date of December 14, 1903. This was transferred to the Secretary

of Interior on February 24, 1904. The original application was

for 5200 cfs but was modified to 1355 cfs for irrigation of 240,000
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acres in Boise Valley. No mention is made of reservoirs but this

application was preparatory to the development of Boise Project

storage in Lake Lowell.

The second Federal filing was Application 6887, and License

No. 4800, applied for by W.E. Weymouth Supervising Engineer for

the U.S. Reclamation Service. The original request was for 3553

cfs for a power installation of 100,000 hp. and 634 cfs for irri

gation. This right was approved for 1500 cfs for power and 926.5

cfs for irrigation. The priority date is June 15, 1909 and involved

the storage of water in Lake Lowell. The power water use right was

for the small power plant at Diversion Dam.

Another filing was made in the name of the U.S. Reclamation

Service by W.E. Weymouth as Application No. 1016 6 and License No.

7180 for 8000 cfs with a priority date of January 13, 1911. This

involved the storage regulation provided by Arrowrock Reservoir.

An application by B.E. Stoutmeyer, District Council for the

U.S. Bureau of Reclamation was made as Application No. 22831,

License No. 16098 for 300 cfs. This has a priority date of August

18, 1924 listed 164,572 acres of Boise Project land to be served

by the water and involved an enlargement of the Main (New York)

Canal.

The Bryan Decree recognizes these federal rights and identi

fies the rights as follows:

"That subject to the awards made in said Decree it
is entitled to 1500 second feet from June 16, 1909 for
power purposes only at the Government power plant at its
diversion dam at the head of New York Canal; and to 8000
second feet -from January 11, 1911 for storage in Arrow
rock Reservoir during flood water season only and thereafter
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to be drawn out and used in irrigation of lands of the
Boise Project and other lands entitled to same." (dated
February 14, 1929) .

By an enlargement at Arrowrock Reservoir, R.J. Newell for the

U.S. Bureau of Reclamation filed Application No. R-25986, Permit

No. R-652 for 15,000 acre feet of water with a priority date of

June 25, 1938. This was to serve Federal project lands in Ada and

Canyon counties, and was the first right identified in terms of

annual storage amounts in a reservoir.

To cover the operations and development of Anderson Ranch

Dam and Reservoir a filing was made for the U.S. Bureau of Rec

lamation as Application No. 26522, License No. R-698 for 493,161

acre feet for power and irrigation use. The priority date is Dec

ember 9, 1940 and mentions a land acreage to be served of 275,766

acres, and a power plant of 324 ft. head and 20,000 KW capacity.

The last Federal filing was the U.S. Bureau of Reclamation

filing for 307,000 acre feet of storage (278,200 usable capacity)

in Lucky Peak Reservoir constructed by the U.S. Army Corps of En

gineers. This was Application No. R-35086, Permit No. R-1183 with

a priority date of April 12, 1963. This filing includes a pro

vision for 50,000 acre feet of storage for the Idaho Fish and Game

Department for maintaining minimum flows in the Boise River below

Boise Diversion Dam for the benefit of the fishery.

Decreed Rights and Storage Allocations

To present a basis for analysis of patterns of water use and

reservoir regulation a brief summary of decreed water rights and
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storage space allocations is presented. Table 10 lists all rights

that apply to the Boise Project, including the rights which permit

storage in the four reservoirs. Rights with a priority date after

1911 are not a part of the Stewart or Bryan decrees. The total

of all rights for diversion to the Boise Project at Diversion Dam

is 2904.58 cfs.

A complete summary of all decreed rights by canal from the

Stewart and Bryan Decrees is presented in Table 11 identifying

each canal and the total right.

The storage rights shown in Table 10 were obtained by the

U.S. Bureau of Reclamation mainly for irrigation water supply.

Contracts were then made between the USBR and various irrigation

districts and canal companies for the stored water. These con

tracts are not water rights but do define the space allocations

of water stored under the federal right. Space allocations in

Anderson Ranch, Arrowrock, and Lucky Peak reservoir are shown in

Tables 12, 13, and 14, respectively. Allocations are given in

total acre-feet and percent of the total space. The accounting

of these allocations during reservoir operations is discussed in

the section, RESERVOIRS.

Administration

Surface water rights on the Boise River are administered by

the Watermaster who acts under the authority of the Idaho Depart

ment of Water Administration (as of July 1, 1974, the Idaho Depart

ment of Water Resources). The Watermaster is responsible for the
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Table 10. Water Rights of the Boise Project

Date of Priority

May 1, 1866

June 1, 1864
June 1, 1869

October 1, 1887

August 20, 1888

March 23, 1900

March 23, 1900

December 14, 1903

June 15, 1909

January 13, 1911

August 18, 1924

June 25, 1938

December 9, 1940

April 12, 1963

Point of Diversion

Diversion Dam

Diversion Dam

Diversion Dam

Diversion Dam

Diversion Dam

Diversion Dam

Diversion Dam

Diversion Dam

Arrowrock Reservoir

2/
Diversion Dam—'

Arrowrock Reservoir _'

Anderson Ranch Reservoir ~/

Lucky Peak Reservoir —'

Amount

15.10 cfs

20.34 cfs

1.20 cfs

8.90 cfs

219.10 cfs

58.86 cfs

1,354.58 cfs

926.50 cfs

8,000.00 cfs

300.00 cfs

15,000 acre-feet

493,161 acre-feet

307,000 acre-feet

1/ License pending upon proof of beneficial use on or before
March 20, 1975.

2/ Licensed Rights, not included in the Stewart or Bryan Decrees.
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Table 11. Summary of Stewart and Bryan
Decree Filings by Canal

Name of Canal

Andrew Ditch

Ballentyne
Baxter

Boise City
Boise Valley
Boone Ditch

Bowman & Swisher

Bubb (South Boise Mutual)
Caldwell Highline
Campbell (Canyon Ditch Company)
Canyon County
Davis (Little Davis)
Eagle Islands Canals

Aiken

Conway & Hamming
Graham & Gilbert

Hart & Davis

Lemp Ditch
Mace & Catlin

Mace & Mace

Seven Suckers

Warm Springs Slough
Eureka No. 1

Eureka No. 2

Farmers Union

Haas Ditch

Island High Line
Little Pioneer

Lower Center Point

Mammon

Meeves

Middleton Mill

Middleton Water

Miscellaneous

R.B. Betty
Crawforth Pump
Boise River

Drainage District #4
Manvilie-Leonard

McCurry Pump
Surprise Valley Farms

New Dry Creek
New Union

New York Main

Parma Ditch

Penitentiary
Phyllis
Pioneer Dixie

Ridenbaugh
Riverside

Roedel Ditch

Rossi Mill

Sebree (Farmers Co-op)
Settlers

Siebenberg
Thurman Mill

Upper Center Point

20

70

4.40

9.96

6.00

10.92

1.76

1.28

8.80

10

60

60

04

50

56

00

Total

Total Filing
cfs

23.50

15.3526

4.00

36.3745

55.78

12.70

9.38

21.14

79.20

28.14

80.37

13.94

54.02

33.32

50.00

191.4995

17.34

20.00

26.82

19.60

36

80

64.562

112.794

11.40

62

13

2904

12

2

692

58

535

290

3

10

318

186

12

35

14

0842

76V58-/
76

24

215

50

14

374

20

00

59

443

28

652

82

6145.0038

This data is taken from 1973, "Watermaster Report", Water Distribution
of Boise River, District No. 63. Details on individual rights are iden
tified in detail in phat report.

1/ 300 cfs of New York Main Canal not decreed.
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Table 12. Storage Allocations in Anderson
Ranch Reservoir (1972 status)

Irrigation District Storage Percent of
or Company (Acre Feet) Space

Boise-Kuna Irrigation District 112,149
New York Irrigation District 41,006
Wilder Irrigation District 125,108
Big Bend Irrigation District 3,887
Nampa-Meridian 77,784

Total of Boise Board of

Control

Ridenbaugh
Pioneer Irrigation District
Farmers Union Ditch Company
New Dry Creek Ditch Company
Settlers Irrigation District
Boise Valley Irrigation Ditch Company
South Boise Mutual Irrigation Company
Ballentyne Ditch Company
Capitol View Irrigation Company
Pioneer Ditch Company

Subtotal

Power

422 200

359 ,934

15 ,137
25 ,582

5 ,727
1 ,296

5 ,810
961

543

376

460

2 174

418 000

5, 200

26 .83

9 .81

29 .93

9 .93

18 .61

3 62

6 12

1 37

0 31

1. 39

0. 23

0. 13

0. 09

0. 11

0. 52

100.00

Data from Musselman, D.L., 1972. Water Distribution of Boise River,
District No. 63.

Table 13. Storage Allocations in Arrowrock
Reservoir (1972 status)

Irrigation District Storage
or Company (Acre Feet)

Boise Project Board of Control 177,816
Nampa & Meridian 55,055
Pioneer Irrigation District 21,019
Farmers Union Ditch Company 2,874
Settlers Irrigation District 1,778
Farmers Co-op Canal Company 1,227
Ridenbaugh Canal Company 3,8 32
Hillcrest 23,000

286,600

Percent of

Space

62 .01

19 .25

7 .33

1 00

0 62

0 428

2. 337

8. 02

99. 998

Data from Musselman, D.L., 1972. Water Distribution of Boise River,
District No. 63.
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Table 14. Storage Allocations in Lucky Peak
Reservoir (1972).

District or Company Storage
(Acre Feet)

Ballentyne 1300
Boise City 1000
Boise Valley 2500
Bubb (South Boise Mutual) 500
Canyon County 6000
Capitol View Irrigation District 300
Davis Ditch (Garden City) 1500
Eagle Island Water Co. 7650
Eureka Water Co. #1 2800

Farmers Union 10000

Little Pioneer 500

Middleton Irrigation Association 6380
Middleton Mill 4620

New Dry Creek 3000
New Union 1400

Phyllis (Pioneer Irr. District) 16000
Ridenbaugh 35000
Rossi Mill 700

Settlers 10000

Thurman Mill 800

Idaho Fish & Game 50000

Uncontracted Space 116250

Total 278200

Percent of

Space

0.467

0.360

0.899

0.180

2.157

0.108

0.539

2.750

1.006

3.595

0.180

2.293

1.661

1.078

0.503

5.751

12.580

0.252

3.595

0.288

17.972

41.786

100.000

Data from Musselman, D.L., 1972

District No. 63.

Water Distribution of Boise River,
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1
measurement and distribution of water according to all decreed and

licensed rights.

Diversion rights to canals are valid only during the April 1

to October 15 irrigation season, while rights for on or off stream

storage are valid the entire year. The Watermaster makes a daily

calculation of the natural.flow below Lucky Peak Dam using the

equation described in RUNOFF. As soon after April 1 as the nat

ural flow becomes less than the demand, strict regulation of de

creed rights begins. Until such time as both conditions are met,

canals are allowed to divert in excess of their right.

The regulation begins by stopping all diversions that do not

have a decreed water right, and by notifying all canals that they

must not divert natural flow in excess of their decreed right (see

Table 11). If the natural flow is then not great enough to satisfy

all rights, the sliding scale method previously mentioned in con

junction with the Stewart Decree is used to apportion the flow.

The rights of the Bryan Decree are reduced to 75 percent in order

or priority date, the latest being reduced first. Subsequently,

these rights are reduced to 60 percent and then to zero. After all

diversions having rights under the Bryan Decree have been shut off,

the same 75-6 0-0 percent reduction is applied to rights under the

Stewart Decree, Each day during the irrigation season this pro

cedure is used to equate natural flow diversions to the natural

flow.

When it is determined that a canal must reduce its diversion

of natural flow, the actual diversion is usually not reduced. The
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canal can charge the amount of the reduction to a storage water

allocation, or if the canal does not have storage, water can usually

be purchased from the unallocated space in Lucky Peak Reservoir.

However, in years of very short water supply, diversions would

be reduced.

Return flow is used to meet the rights of most of the canals

below Caldwell. For this reason it is usually not necessary to

reduce these diversions in sequence with the diversions above

Caldwell, nor to supply them from natural flow originating above

Lucky Peak Dam. As compared to the total of all rights, 6145 cfs,

the amount required from above Lucky Peak Dam (Figure 1) to satis

fy all rights below the dam is about 5600 cfs.

Ground Water Rights and Recent Filings

In the past decade there has been active interest on the part

of private water users in the development of additional lands for

irrigation both within the project area and in adjacent arid land

areas. This has been accomplished in a large part by ground water

pumping. There are also sizeable irrigation developments in the

Dry Lake area to the south of Lake Lowell that are being served by

high-lift pumping from the Snake River. Further information will

be presented on this aspect of recent development in the section

entitled BOISE VALLEY GROUND WATER,

A complete record of recent ground water filings is difficult

to summarize due to the mix of domestic water filings and the fact

that many filings are still pending. However, to give some indi-

58



i

:

Table 15. Extract of Information on Ground Water Rights
Applications and Reported Wells Drilled

in Boise River Basin

Total cfs Wells Reported
Year Applications

101

Applied

232

for Drilled

1968 363

1969 80 103 305

1970 78 88 409
1971 133 257 641
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IRRIGATION

The location and names of major canals are indicated on Fig

ure 10 - foldout. A more detailed map of this group of canals is

available from the Boise River Watermaster. The total capacity

of canals diverting water from the Boise River is approximately

6700 cfs. More detail of canals, diversion locations and major

surface drains is shown on the schematic diagram, Figure 11.

The irrigation system in the Boise Valley can be divided into

three general subsystems. The largest area is the Federal Project

lands served mainly by diversion from the Main (New York) Canal.

This canal diverts water from the Boise River at Diversion Dam to

irrigate lands south of the river. More specifically, the area

served by the Main (New York) Canal extends south from the Boise

River to the Snake River and west past Lake Lowell to lands in

the Big Bend area on the Oregon border. The distribution of water

to these lands is complex and involves the superposition of reser

voir storage on numerous older decreed rights. This portion of

Boise Project lands is administered by the Boise Board of Control.

The second general category of the irrigation system comprises

those lands north of the Boise River and south from Diversion Dam

to the Snake River. These irrigated areas are included in older

irrigation districts which divert from the river and which have not

participated In the federally supported projects.

The northwest portion of the valley is irrigated with water
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diverted from the Payette River, This transbasin diversion is part

of the Payette Division of the Boise Project and is administered

by the Black Canyon Irrigation District.

A small amount of water from the South Fork of the Boise River

is also diverted into the Little Camas Canal and transported out

of the Boise basin to the Mountain Home Irrigation District in

Elmore County. The capacity of this canal is listed as 90 cfs.

Boise Project Board of Control System

The Boise Board of Control lands and irrigation system are

administered under the five separate districts indicated below:

1. New York Irrigation District
17,611 acres

Operates north of the New York Canal extending
northwesterly through T2 and 3N; R1W and Rl, 2
and 3E covering lands formerly affected by the
Old New York Canal Company. Headquarters at
Boise, Idaho.

2. Boise - Runa Irrigation District
48,62 8 acres

Operates between Diversion Dam and Richards
Point wasteway in Sec. 12, T2N, R2W and Deer-
Flat-Nampa Canal, headquarters at Kuna, Idaho.

3. Nampa & Meridian Irrigation District
27,000 acres of decreed water rights lands and
40,343 acres of government water rights lands

Operates lands below the Ridenbaugh Canal,
headquarters at Nampa, Idaho,

4. Wilder Irrigation District
56,538 acres

Operates to the west of the Kuna District and
to the east of the Oregon state line, head
quarters at Caldwell, Idaho.

5. Big Bend Irrigation District
1,724 acres

Operates in the State of Oregon inside the bend
of the Snake River, Headquarters at Parma, Idaho.
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A more detailed description of the Boise Project Board of

Control system is presented in Table 16 which lists acreages ac

cording to upper and lower system by watermaster division. The

upper system, 116,263 acres, includes the area served directly

from Boise River, mostly by the Main (New York) and Ridenbaugh

canals. The lower systems, 50,62 3 acres, includes the area that

receives water after it has first been stored in Lake Lowell.

Water is distributed to Boise Project land by four Board of Con

trol watermaster divisions plus the Nampa-Meridian and Settlers

irrigation districts. A finer breakdown of acreages in the major

districts is being prepared for use in a ground water model.

The diversions to the Boise Board of Control lands are made

through the Main (New York), the Ridenbaugh, Penitentiary, and

the Settlers canals. Table 17 gives the month by month irrigation

diversions for a dry year, near average year and wet year for the

Boise Project Board of Control lands from the Boise River. The

reader should note that although 1960-61 was a dry year, the total

diversion was not significantly lower than average.

The Boise Board of Control computes delivery in acre-foot per

acre each year for both the upper and lower systems. An average of

these irrigation deliveries has been plotted in Figure 12. Water

delivery has varied over time with a definite trend toward increased

per acre use during the earlier years. Apparently there were short

ages in many of the early years. An indication of when additional

storage became available has been marked on the grpah. This appears

to have some influence for each time period. In the case of the
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196 0-61 dry year it is observed that water use was below the av

erage rate but subsequent to that use rates have been maintained

very close to the long-time average. The same total acreage fig

ures have been used for many years to determine acre-foot per acre

water use even though some lands have been taken out of irrigation

However, it is also evident that new lands within the project have

been irrigated. A detailed survey of actual irrigated land would

be of great value in assessing water use and water control.

Total yearly diversions to the Main (New York) canal is pre

sented in the bar graph on Figure 13. These are actual river div

ersions as distinguished from irrigation deliveries. This record

of river diversions shows a stabilization in the amount of water

diverted in the later years.

Non-Federal Irrigation Districts and Canal Companies

The non-federal irrigation districts and canal companies in

volve many diversions from the river at various points beginning

just below Diversion Dam. Water use on the non-federal system

is much less well documented than for the Boise Project Board of

Control system. Table 18 presents a summary of the reported div

ersions to each canal as computed by the Boise River Watermaster

for the year 1972. A marked variation in the amount of water div

erted per acre of irrigated land is evident. It also indicates

a much higher diversion rate to non-federal lands than to those

supervised by the Boise Project Board of Control.

To illustrate how these diversions have varied, a study was
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made of several of the larger canals to define some pattern of

use with respect to time. Figure 14 presents a record of the an

nual irrigation diversions from the Boise River in acre feet to

the Phyllis Canal (Pioneer Irrigation District) and the Ridenbaugh

Canal from 1928 to 1972. Figure 15 shows the record of annual

irrigation diversions from the Boise River in acre feet to the

Settlers Canal and the Caldwell Highline Canal for the same per

iod, 1928 to 1972. Note the pattern of these hydrographs. The

Ridenbaugh, Phyllis and Settlers Canal diversions follow the trad

itional pattern of water use by the Boise Project Board of Control;

reflecting increasing diversions until 1955. This is a result of

the greater availability of storage water in the system as projected

reservoirs were completed.
i "...

Increased use of project water by the New York, Ridenbaugh,

Phyllis and Settlers canals has resulted in greater return flows.

The downward trend in diversions from the Boise River to the Cald

well Highline Canal can be explained by the effect of the reuse of

these return flows to supplement diversions.

Farm delivery information on the non-federal systems is not

readily available. More data and analysis of records is needed

for non-federal canals and the lands. In addition, districts lo

cated farther downstream divert greater amounts of return flow.

Important in a complete accounting of water use in the Boise Valley

would be a determination of the extent of return flow water use.

Precise acreage data is also needed. Excellent base line data for

1906 is contained in the files of the Idaho Department of Water

Resources.
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Table 18. Diversion Rates from Boise River of_ ,
Non-Federal Canals in Downstream Order—'

Reach of River

Lucky Peak Dam to
Boise

Boise to Star

Star to Notus

Notus to Parma

Total

Canal Name

Ridenbaugh
Bubb

Meeves #1 &

Rossi Mill

Boise City

#2

Settlers

Davis Ditch

Thurman Mill

Farmers Union & Boise

Valley
New Dry Creek & New

Union

Ballentyne
9 Eagle Island Canals
Middleton

Phyllis & Eureka #1
Little Pioneer

Canyon County
Caldwell Highline

Riverside & Pioneer Dixie 13,645
Sebree

Campbell
Siebenberg
McManus & Teater

Eureka #2

Upper Center Point
Bowman & Swisher

Lower Center Point

Baxter

Boone

Andrews

Mammon

Haas

Parma

Island Highline
McConnel Island

Miscellaneous

1972

Diversion Rate

Acreage Ac-Ft/Ac

26,877 6.77

1,057 3.50

99 10.02

500 6.68

1,828 6.80

12,282 4.38

634 6.27

1,799 5.90

11,629 6.55

3,747 5.77

763 8.01

2,628 4.35

9,5 80 5.68

26,162 5.41

1,286 10.43

4,007 6.69

13,960 4.13

13,645 6.85

15,500 6.22

802 16.01

646 6.10

168 8.48

2,625 15.04

641 9.57

424 6.97

880 12.09

200 22.30

517 0

1,068 7.38

468 3.85

867 4.79

602 14.00

945 14.20

1,600 8.08

763 29.10

161,199 5.96

1/ From Musselman (1972) , Water Distribution of Boise River
are an estimate only, not a detailed survey.

Acres
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Black Canyon Irrigation District System

This district, located in the northwestern portion of the

Boise River basin, includes canal system served by a transbasin

diversion from the Payette River. This portion of the Boise River

water development was planned and built as a federal project un

der the Reclamation Act. The main water supply comes from the Black

Canyon Canal which begins at Black Canyon Dam. A small portion of

the water delivered by the Black Canyon Canal (about 15,790 acre

feet in 19 71) is water pumped from drains in Emmett Valley, part

of the Emmett Irrigation District.

The gravity supply line of the Black Canyon Canal divides, one

forming the D-Line and the H-Line canals, which supply lands with

in the Boise River basin north of Notus and east of Parma, Idaho.

The other branch of the Black Canyon Canal, the A-Line, supplies

water by gravity to lands in the Payette River drainage in Payette

County. This report does not treat this system located in the Pay

ette River drainage, but it is administered under the Black Canyon

Irrigation District which was organized as a part of the federally

supported irrigation development under the Reclamation Act. The

entire Black Canyon Irrigation District is often referred to as

the Payette Division of the Boise Project.

Part of the Black Canyon Irrigation District is supplied by

a pumping lift with a 500 cfs capacity out of the Black Canyon

Canal. This pump canal divides at the pumping outlet into the

C-East Canal and the C-West Canal. Lands served by these canals

are located north of Middleton and Notus, Idaho. These canals
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are indicated to a limited extent on Figure 10. Detailed maps are

available in the Central Snake Project Office of the U.S. Bureau

of Reclamation at 214 Broadway Avenue, Boise, Idaho.

Another element of the Black Canyon Irrigation District sys

tem is the Notus Canal which serves the area paralleling the Boise

River above the Sebree (Farmers Cooperative) Canal. The Notus

Canal receives water by way of a siphon under the Boise River from

the Wilson and Elijah drains. At times, the Boise Board of Control

supplies the Notus Canal with small amounts of storage water from

Lake Lowell Reservoir. The area served by the Notus Canal is known

as the Notus First Unit of the Payette Division of the Boise Project

The Notus Canal has four separate wasteways or overflow spillways.

These are Conway Gulch Wasteway, Emergency Spillway, Sand Hollow

Wasteway and End Wasteway.

Acreages served by the principal canals of the Black Canyon

Irrigation District in the Boise River basin are presented in Table

19, Descriptions of the principal drains and wasteways of the

Black Canyon Irrigation District is presented in the IRRIGATION

RETURN FLOW section.

Monthly diversion data are presented in Table 20 for 1961

(Dry Year), 1970 (Average Year) and 1971 (Wet Year) for the three

Boise Valley canal systems within the Black Canyon Irrigation Dis

trict that receive Payette River water. Also given in Table 20

is the acre feet per acre diversion by the respective canals.

Table 21 gives similar data for on-farm deliveries. Note

there is only a small difference in the rate of use among the 3
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Table 19. Acreages Served by Black Canyon Irrigation
District Canals within the Boise River Basin

Canal Acres Served

H-Line Canal

D-Line Canal

C-West Canal

C-East Canal

Black Canyon Canal Total

Notus Canal

* This does not include 13,36 3 acres of land served in the

Payette Drainage by the A-Line Canal, 837 acres of lands of the

Black Canyon Irrigation District diverting directly out of the

Black Canyon Canal in the Payette Drainage known as BC ID Takeouts,

and portions of 5,200 acres of the Emmett Irrigation District lands

north of the Payette River.

250

13,^Q86

3 ,221

21 ,235

37 ,792*

6 r910
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example years. However, during the dry year the difference between

the average per acre diversion and average per acre farm delivery

Indicates than an increase in efficiency was attained in the con

veyance system. Table 22 lists farm deliveries from the Notus

Canal for the same representative years. Water used on the Notus

Unit is mainly drain water from lower Boise Project Board of Con

trol land.. However, it is sometimes supplemented by a small amount

of storage from Lake Lowell,

B Comparison of the above data with Figure 12 indicates that

farm deliveries per acre on the Black Canyon Irrigation District

lands are about 1.0 acre foot per acre more than the farm deliver

ies on the Boise Project Board of Control land. The difference

in water use rates may be the result of the sandy soils and rough

topography of the Black Canyon Irrigation District. A detailed

analysis was not made to identify any particular reason for the

difference in water use rates.
B

Excellent records of diversions, farm deliveries, wasteway

runoff, and canal losses are available in the office of the Black

Canyon Irrigation District at Notus, This data is also made av

ailable in the office of the Idaho Water Resource Boards These

records, which have been kept since the beginning of the project

would be very useful in a detailed analysis of water use efficien

cy.

Little Camas Canal System

The diversion through the Little Camas Canal from the Boise

:

:

:

:

i
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River drainage is not a part of the federally funded irrigation

development of the Boise Project. The water is used by the Moun

tain Home Irrigation District which is not within the Boise River

drainage. The pattern of use is reasonably uniform and averages

10,500 acre feet per year. Figure 16 is a hydrograph of average

monthly diversion to the Mountain Home Irrigation District through

the Little Camas Canal. Records of these diversions are published

in the U.S. Geological Survey Water Supply papers for Idaho. Com

puted natural flows of the Boise River usually do not reflect this

small diversion,

Summary of Total System Diversions

Figure 17 gives a comparison of the total annual diversions

from the Boise River above Notus with the natural flow runoff from

1915 to 1972. For several years total diversions actually exceeded

runoff because of carry over storage and use of return flows.

i

i

i

i

i

I

Other Systems

In recent years, private irrigation developments are playing

an increasing role both within and adjacent to the Boise River

drainage. Recent (19 72) soil survey data indicate that approxi

mately 17,500 acres of land within the Boise River Drainage located

along the benches and slopes tributary to the Snake River are now

irrigated with water pumped from the Snake River. Most of these

developments have occurred since 1960. Also, recent ground water

developments for irrigation on lands within the Boise River drain

age comprises over 34,000 acres. Little data exists on the water
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use of these projects. Any future studies should consider the

problems associated with the impact of this new land development

on that area previously developed under Federal Reclamation Law.
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IRRIGATION RETURN FLOWS

Return flows from irrigation diversions are a significant

factor in the operation and character of the Boise River. Dur

ing the irrigation season, ground water levels rise and the flows

through surface drains increase. This flow along with direct sur

face return and canal spills is then either rediverted by other

canals or directly discharged Into the Boise River. The Boise

River itself acts as a drain when intercepting ground water and

surface return flows. The combined surface and ground water re

turn flow is a significant amount throughout the entire year.

Surface Drains

About eleven principal drain systems discharge into the Boise

River between Lucky Peak Reservoir and the mouth of Boise River.

In downstream order these systems are: Drainage District #3, Thur

man Drain, Eagle Drain, Five Mile Creek, North and South Middle-

ton Drain, Willow Creek, Mason Creek and Drain, Hartley Drain and

Gulch, Indian Creek, Conway Gulch, and Dixie Slough. In the past,

most of those drains were intermittent tributary streams to the

Boise River,

The Boise Valley below Boise is crossed by many surface drains

which do not discharge directly to the Boise River. These drains

are either tributary to other drains or are intercepted by canals

which pick up flow for rediversion. In the lower end of the Boise

Valley, some drains discharge directly to the Snake River. One



of the largest of these is Sand Run Gulch which discharges as much

as 75 cfs during the non-irrigation season,

After irrigation diversions begin in April, the flow in sur

face drains increases until a somewhat steady rate is reached, and

this flow is maintained throughout the irrigation season. When di

versions for irrigation are completed in October, the drain system

return flows gradually decrease throughout the winter as ground

water levels decline. In late March the drains are found to have

the lowest discharge of the year. Local storms often cause the

drains to discharge at unusually high rates for short periods of

time.

All of the principal drains enter the Boise River below the

streamgage at Boise; only two of the drains enter below Notus.

The largest drains are concentrated in the reach of the river between

the cities of Middleton and Caldwell. When the natural flow of

the river becomes too small to satisfy all diversions and many

canals begin to use storage water, canals below Middleton usually

obtain all of their water from surface and seepage return flows

to the riverc Only in very dry years when drains are discharging

much less than normal do these canals need additional water from

storage. Even during years of extremely low runoff, canals on

the lower end of the river below Notus do not require storage water.

Following is a short description of some of the major surface

drain systems in the Boise Valley. In many cases these systems

are made up of a complex network of tributary drains which is con

stantly changing because of new construction or relocation.
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Drainage District #3. Return flows from three small drains

are included in this system. These are the Booth, Myers, and Ri

denbaugh drains. They enter the Boise River from the south within

the city of Boise, and collect return flows from land irrigated in

the immediate vicinity. Discharge of these drains varies from

15 cfs in the summer to almost no flow in the winter.

Thurman Drain. This drain is located below the Settlers Canal

on the south side of the river and discharges into the South Chan

nel of the Boise River near Eagle Island. It collects return flows

from the Settlers Canal and includes return flows from the end of

the Thurman Mill Canal. Discharge ranges from 25 cfs in the summer

to less than 15 cfs in the winter.

Eagle Drain. Eagle Drain enters the Boise River on the North

Channel of Eagle Island at the town of Eagle. It drains the area

below the Farmers Union and Dry Creek Canals from Boise to Eagle.

Discharge ranges from 60 cfs in the summer to 15 cfs in the winter.

Five Mile Creek. Sometimes called Fifteen Mile Creek, Five

Mile Creek enters the Boise River from the south near Middleton

serving as a drain for the area below the Boise Project Main Canal

and between the City of Boise and Mason Creek Drain. It receives

return flows and spills from the Main, Ridenbaugh, and Phyllis

Canals. Five Mile Creek is a major source of irrigation water

for the Caldwell Highline Canal, the last of a series of major canals

which cross this drain. Just prior to entering the river, a



diversion of about 17 cfs is made by a small canal. Discharge

to the river varies from 140 cfs in the summer to less than 40 cfs

in the winter. However, because of the great reuse of water from

the drain, flows are quite variable.

Mason Creek. Mason Creek drains land served by the same can

als as Five Mile Creek and also provides irrigation water to the

Caldwell Highline Canal. Maxon Creek serves as a lateral between

the Boise Project Main (New York) Canal and the Ridenbaugh Canal,

however it functions as a drain below the Ridenbaugh Canal. Near

the river, Mason Creek branches into two channels which reach the

river at approximately the same location near Caldwell. These

channels are called Mason Creek and Mason Drain. The combined

discharge of the two channels varies from 200 cfs in the summer to

60 cfs in the winter.

Indian Creek. Indian Creek and two tributary drains, the

Wildon and the Elijah, drain the area below the Ridenbaugh Canal

between Mason Creek and Lake Lowell. Similar to Mason Creek, In

dian Creek begins to act as a drain below the Ridenbaugh Canal.

Above that point Indian Creek functions as a portion of the Boise

Project Main Canal and all return flows or surface runoff is di

verted to Lake Lowell via the Main (New York) Canal.

There are many artesian wells and springs which discharge to

Indian Creek in the vicinity of Nampa. Indian Creek discharges

into the Boise River below Caldwell, but during the irrigation

season much of the flow is diverted before it reaches the river.
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The largest diversions from the system are the Notus Canal which

diverts flow from the Wilson and Elijah Drains to the northside of

the Boise River, and the Riverside Canal which diverts flow from

Indian Creek below Caldwell. Discharge into the Boise River is

highly variable, ranging from 250 cfs at the end of the irriga

tion season to less than 100 cfs when canals are diverting water

from Indian Creek.

North and South Middleton. The two forks of the Middleton

Drain service the area below the Middleton Canal between Eagle

and Middleton. The drain discharges into the Boise River at Mid

dleton. Discharge varies from 200 cfs in the summer to 50 cfs in

the winter.

Willow Creek. Willow Creek also discharges into the Boise

River at Middleton. However, it collects return flows from the

area irrigated by the lower end of the Middleton Canal and by the

last few miles of the "C" Line East Canal of the Payette Division

of the Boise Project. Flows in Willow Creek vary from 50 cfs in

the spring to almost no flow in the winter.

Hartley Drain and Gulch, The two forks of this drain enter

the Boise River above Caldwell. It drains the area receiving water

from the lower end of the Middleton and Canyon County canals.

It also drains a large portion of the Black Canyon Irrigation Dis

trict that obtains water from the "C" Line East Canal between Wil

low Creek and Conway Gulch. Discharge ranges from 100 cfs in the
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summer to less than 25 cfs in the winter.

Conway Gulch. Conway Gulch drains the area irrigated by the

"C" Line East, "C" Line West and Notus Canals between Hartley Gulch

and Sand Run Gulch. These canals irrigate land in the Payette

Division of the Boise Project. Conway Gulch discharges to Boise

River at Notus. Discharge varies from 60 cfs in the summer to

200 cfs in the winter.

Sand Run Gulch. The last major drain north of the Boise River

is Sand Run Gulch which parallels the river for more than ten miles

before the drain discharges to Snake River. Return flows from the

area irrigated by the Boise Project "D" Line Canal and the Sebree

Canal contribute flow to this drain. A November flow of 75 cfs

has been observed near the end of the drain.

Dixie Slough. The Dixie Slough is the last major drain on

the south side of Boise River and discharges directly into the

Boise River. This drain collects return flows from the irrigated

area below the Riverside Canal south of Caldwell to a point about

five miles below Notus. Flows range from 275 cfs in the summer

to less than 100 cfs in the winter. The discharge of this drain

is highly variable during the irrigation season because of variations

in the reuse of the drain water.

Ross East End Drain. Return flows from land irrigated south

of the river by the lower end of the Riverside Canal are collected

by the Ross East End Drain. This drain eventually discharges to
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1 the Snake River. A November discharge of 12 cfs has been observed

near the end of the drain.

Discharge Measurements

Measurements of the discharges from all the major drains which

discharge into Boise River are reported by the Boise River Water-

master for the irrigation season only, April 15 to October 15.

Daily values are estimated by interpolating between weekly measure

ments. The length of historic record varies with each drain, and

locations of measurements have changed throughout the period of

record. The Boise River Watermaster has measured all drains three

times during the non-irrigation season, in November 1971, February

1972, and March 1973.

Distribution and Composition of Total Gain

Very little return flow enters the Boise River above Boise.

In this reach there are no major surface drains and the total

gain to the river between Lucky Peak Dam and Boise is negative

throughout most of the year. From Boise to Notus, the total gain

in flow to the river can be calculated by adding the recorded di

versions to the measured flow of the Boise River at Notus less

measured flow of Boise River at Boise gage. The total gain in

cludes all surface return flows and ground water gains or losses.

Because natural runoff during most of the year is very small in

this reach, the total gain in flow is a good representation of

total return flow to the river. Table 2 3 lists the Boise-Notus

total gain by month in thousands of acre-feet for the years 1959-72.
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The total gain to the Boise River follows the same pattern

as individual surface drains. The lowest gain is in March just

prior to the irrigation season when the total gain from the Boise

River at Boise to the Boise River at Notus gaging stations is approx

imately 500 cfs. By May the gain usually increases to 1000 to

1500 cfs. The gain remains at this level through September and

gradually decreases throughout the non-irrigation season.

In a given year, the magnitude of the total gain to the river

varies with the available water supply. In the low runoff year of

1961, the Boise to Notus total gain averaged less than 1000 cfs

during the irrigation season; in the same period of the high run

off year of 19 65, this gain averaged over 1500 cfs. This relation

ship can partially be explained by the fact that less efficient use

is made of the available water when the supply is abundant. When

the supply is low, gross diversions are less and more of the sur

face return is reused. The drain discharges become highly vari

able during periods of greater water reuse.

An estimate of the distribution of the gain by reach from

Boise to Notus was found by calculating the net gain above Eagle

Island, near Star below the Caldwell Highline Canal, and at Caldwell

Bridge, based on miscellaneous measurements at these locations.

It was found that the ratio of the gain in these reaches to the

total gain does not vary greatly throughout the year. The follow

ing ratios were calculated for the four reaches: Boise to above

Eagle Island - 0.06; above Eagle Island to near Star - 0.13; near

Star to Caldwell Bridge - 0.39; Caldwell Bridge to Notus - 0.42.
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It is significant to note that over 80 percent of the return is

below Star.

Of the total gain from Boise to Notus, the major source is

from surface drains. Based on 1959-72 measurements taken by the

Boise River Watermaster, 60 to 65 percent of the gain is contrib

uted by the eleven major surface drains during their peak discharge,

from April through October. From miscellaneous measurements taken

in the non-irrigation season on days that did not follow exces

sive precipitation, it was found that these drains accounted for

about 75 percent of the total Boise to Notus gain. This increase

is logical since diversions from surface drains are generally not

made after October 15. The remainder of the gain, or the uniden

tified gain, originates from very small surface drains which flow

during the irrigation season and from ground water seepage direct

ly to the river channel.

The total gain from Notus to Parma varies in much the same

manner as the upper portion of the river. Limited data indicates

that the total gain approaches 500 cfs during the irrigation season

and decreases to zero by the end of March. Two major surface drains,

Dixie Drain and Conway Gulch, discharge into the river in this

reach. These two drains comprise about 65% of the total gain from

May through September when the gain is at its peak. No data exists

on return to the river below Parma; however, there are no major

surface drains that discharge into the river below that location.
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Diversion - Return Flow Relationships

Because of extensive reuse of water for irrigation, it is very

difficult to estimate the effect of any single diversion on the

return flow to Boise River. The absence of any continuous record

of flow in the river between Boise and Notus prohibits analysis of

diversion-return flow relationships even by general areas. An es

timate of the return from Boise to Parma can be made by comparing

the total annual gain to the river to gross diversions. Diversions

from the Boise River from Diversion Dam to Parma average about

1,850,000 acre-feet. By adding to this the average diversion into

the Boise Valley from the Payette River, 250,000 acre-feet, the

total annual surface diversion is about 2,100,000 acre-feet. The

average annual (1959-72) total gain to the Boise River from Boise

to Parma is approximately 870,00 0 acre-feet. Therefore, the aver

age return flow to the Boise River above Parma appears to be in the

range of 40 percent of the total surface water diversion. This does

not include the entire return flow, some of which flows directly

or indirectly to Snake River.

Effect of Boise Project on Return Flows

A good indication of changes in the quantity of return flows

to the Boise River resulting from the Boise Project would be the

comparison of total gain to the river before and after the Project.

However, the streamgage at Notus, which represents outflow from

the basin, was not operated prior to the construction of Arrowrock

Reservoir and Lake Lowell. Yet, the gage was in existence several
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years before the construction of Anderson Ranch and Lucky Peak

reservoirs.

Table 24 shows the monthly total gain to Boise River from Boise

to Notus for a 20-year period before the effects of regulation by

Anderson Ranch or Lucky Peak were present. The average annual gain

for this period, 1928-47, was 416,400 acre feet. This gain was

calculated the same as the 1959-72 gain shown in Table 23, by adding

total Boise to Notus diversions to the gaged difference. The 1959-

72 gain, representing the effects of both Anderson Ranch (completed

1946) and Lucky Peak (completed 1955) reservoirs, was 710,800 acre

feet, approximately 300,000 feet per year greater than prior to

the existence of these two reservoirs. Total gains for the periods

1928-1972 are shown in Figure 18.

A comparison of the total diversions from above Diversion

Dam to Notus indicate that diversions increased from an annual

average of 1,475,000 acre feet from 1928-47 to 1,800,000 acre

feet from 1959-72. The increased gain to the river is partially

a result of this increase in diversion of 325 thousand acre feet

from the river. As discussed in the BOISE VALLEY GROUND WATER

section, average water table elevations have increased since the

192 8-47 period. In some, areas this has probably caused a much

greater portion of present diversions to return to the river via

surface drains rather than be stored in the aquifer, thus also

tending to increase the total gain to the river.

The increase in total gain to the Boise River is also par

tially the result of the transbasin diversion from the Payette

96



o 05

< M
•H

o 0
o >
o Jh
•H OJ
^0 M

OJ
f- ex
*f

Cr. M
H rS

1 OJ
03 &
CM

o\ Si
rH X

0
m rs
p i-5

•P
0 "0
m d

m
TJ
s 43

V/

OJ (C

M ft
•H

0 d
m 0

in

d U
0) a)
OJ «rj
i d
p «;
CD

m «w
0

M
OJ tfi

> -p
•H o
« OJ

VM

OJ vw
0) en

•H

0 0
« +j

c M

+J 0
-r-J

d ^
•r\ |A-
(3

O

r~\

(0

•P

vr

-2

8

i-3 nNMntno\LOioromHrooooofor)Hr^o **

Eh oo>cNvovo*i,cocoinrMvor--cn'S'rHininrHvoin vo
O r^vooocorHCMrorHrrocNCOiriooo^rNrorHr* t-(
Eh ^rof^r^<<tf^rnroTrc^t/^'3'Or>•tJ'•«^•*r*r*'l,ln*J, <•»

voirir^oooovoooroo\r>-vor^cr\,<i,voCT>P,-rHrHrN *0
p, •
W cnrOOOrHr^r^inOrHOCTiVOCMCOCN'VCT^rHOOrH a\
CO (»)ror|icNrorocN(rivfvivro'*^"<j,inro«j'vm m

wi^comHLomcomcooi/iciMCOffiowrNifi oo
O
gj <fr^*£Diroroo')'OMJioiH^r*^'LnHsicn in
<; m<NfOrHco^,rMcororM,«»'CNCO'>3'roinco'j'«a,co co

<ororHinc"--vovoor*oinr~cocMr»-r~oo>oco r~

rJ *••*• !P •10HCTlHVDrMr>V0Of10M,10\NO<v)CT\0l«tffl rH
o ^rorocNin«i,cNco^t,covococo^,^,*»'ro'j,in,3* ^r

r^m^nrHvooovor^cTNVDornfOi-H^'vocsvorH a\

7Z
p iHooino^incNOoorocNr^oocorHLnvooor^rHvo i*»
t~3 voinincoinvo,<j'vpvDinr"-^'*i,r^vocovoinvovD in

r>irHinma^vofMr-rHfNrHrHvo^i'inro^,r>cor~ o

>i
rt i-.fji*rrr>^j,r~fr)r~-fMr>t^r^c3><*'vovoo3^,<T>crt vo
SJ u^fO^«*oDin^*rvo^covo'srvovo,vr'rtir>inin in

^ f o ro ,"o ^f o~. r-ococricricriCi'S'omcNO''* to

ii< tNcor»coinininHi,(Ti<Ji(NOci)co'rcNcni^(,o vo
< innCNHCNHMHHHMfOtOMtN'd'tNHtNCN CM

rNinrHoooc\^r*3,"Hr>>rHfovorHors>(Nor^-o,i r*»

fc
<C r-i-nror-tvor^ocominnooooooocN^o^rocTv co
J£ M^NNrorotNHrors^cNrNCNCvirocNrsrOH c>j

rNi(Nvoi'»incNr-rHvDrHr~rorofr>rsiO"5rroc7»tn in
pq •
W o>oo(Tsr--ocNinr~roorHaivomf,r>"5rincnr-n ^
fn HHWHtMC^NHntN(NHCN(NnC)tNNCNCN CM

ooovDOcoincNvo<Nvoono'<3,vor>jvo>r^r- in

<i LOooinLncNr^rHrHcr\vo^i,vDinvovDr--vo^rvD vo
1-3 rocNOiwcNrMrMrMriHrMrMeNtNiNCirMNr^N cn

in^ooinciHvoinoociMNOooMnoKnys «
C
K vonronr>nt^tnnH«JCTiroinvo*oHr--(Nr-i r>
c'j c^c^cNr\!CNCMCMCMCMCNCNcNcNCMCNCococN"3,co cm

oi co o cm cm vo r-\ vo "jr r- <n aj cm o cn in in cr\ *r vo *r

O oorMCCininHrorJcor^ir, Hracnr<ooor^'*fM r-
i-j; cm cm rH cn co co cm cm cm cm ro cn cn cm «*i cm cm •^ ro cm

HmrHvocMin^,cMocN'd,ocovo'«3,r-t^r<ri'a'in oo

£-< • • •
rj u> cn vc —* <# o co ^ r- oo %** vo *& o f> in in vo co r-i «»
O f N fO | CM rH V rH CO CO »tf< -J1 CN vvl in CN

oo oi o rH cn co ^ in vo r~- co cm o H cn co xr in vo r* cjj
n cn ci m n co m n iti m cn r>i «* •d'tr m1 «j •:"* ^ >

<3

97



1928

1933

1938

1943

1948

1953

1958

1963

1968

o

86

TotalGaininMillionsofAcre-Feet

oooH
••••

(MJLn^Jo
LnoLn

H

o
a

oo

•-3
O
t-3
>

O
>
H

•-3
O

o
H

cn

w

%
H

<

»

o
s

w
o
H

L7j

W

o

2!
O
•"3
a
c/>



I
m

:

i

River into the Boise Valley by the Payette Division of the Boise

Project, i.e. Black Canyon Irrigation District. These canals be

gan diverting water from the Payette River Basin to the Boise Val

ley in 1939, but much larger diversions were begun after 1950.

The present average annual diversion to the Boise Valley is about

250,010 acre feet. Therefore the total average annual increase in

diversions to the Boise Valley from the 1928-47 to the 1959-72

period is approximately 575,000 acre feet.
m

Although it is difficult to quantify return flows resulting

i
directly from the Boise Project, it can be stated that return flow

to the Boise River has increased significantly as a result of the

Project.
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RESERVOIRS

Reservoir Characteristics

Water use and control on the Boise River includes four major

reservoirs that are federally supported, and also some minor pri

vately developed reservoirs. Information on the major reservoirs

are shown in Table 25.

Table 25. Boise River Reservoirs

Capa<::ity
Constru

Gross Active
ction

Reservoir Stream (ace ft.) (ac. ft.) Agency Year

Anderson Ranch S. Fork 493,200 423,200 USBR 1945

Arrowrock Boise R. 286,600 286,600 USBR 1915

Lucky Peak Boise R, 307,040 278,200 USCE 1954

Lake Lowell Off-Stream 190,100 169,000 USBR 1908

Area-capacity curves for Anderson Ranch, Arrowrock, Lucky

Peak, and Lake Lowell (Deer Flat) Reservoirs are presented in

Figures 19, 20, 21, and 22 respectively.

Hubbard Reservoir is a small (4,000 acre feet) off-stream

reservoir constructed at the turn of the century. It was used

until 1930 for irrigation water supply storage and now serves for

emergency regulation of the Main (New York) Canal. An area-capa

city curve is presented in Figure 23.

Little Camas Reservoir is a small irrigation water supply
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reservoir in the headwaters of the South Fork of the Boise River

with a storage capacity of 7,500 acre feet. The water is diverted

out of the Boise River Basin and used by the Mountain Home Irri

gation District. The effect oil the Boise River flows is very slight

and is normally not considered in water accounting. An area-capa

city curve for Little Camas Reservoir is presented in Figure 24.

General Operation

The three Boise River reservoirs, Anderson Ranch, Arrowrock,

off-stream reservoir Lake Lowell,

have evolved into a system that has the functions of irrigation,

power, flood control, and recreation. Initially, with construc

tion of Lake Lowell and Arrowrock reservoirs, irrigation water

With the addition of Anderson

was extended to regulation for power

Lucky Peak Reservoir was justified

primarily for flood control. the three main river reservoirs are

now operated as a system for the four purposes mentioned above.

he general operating patterns of the

reservoirs and then discusses detailed operation in terms of the

four main functions. Also included in this section is a descrip

tion of the methods used to account for contracted reservoir space.

To illustrate how the reservoirs have been operated at dif-

different kinds of runoff condi

tions, comparison was made of k dry year (1961), an average year

(1970) and a wet year (1971) fpr Anderson Ranch, Arrowrock, Lucky

The results are presented in

and Lucky Peak, along with the

supply was the primary purpose

Ranch Reservoir, the operation

production and flood control.

This section first describes t

ferent times of the year under

Peak and Lake Lowell reservoir
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in graphical form in Figure 25

26 (Arrowrock Reservoir), Figure

Figure 28 (Lake Lowell).

These figures show that,

water during the non-irrigati

and are drawn down at various

for irrigation. In years of h

river reservoirs are drawn down

control. In average or dry ye

earliest after the irrigation

constant through April, and

until May for power production

drafted first, then Lucky Peak

(Anderson Ranch Reservoir), Figure

27 (Lucky Peak Reservoir), and

in general, the reservoirs store

season, October through March,

ates from April through September

Lgh runoff such as 1971, the main

from February through May for flood

ars Arrowrock Reservoir is filled

season, Lucky Peak is kept relatively

rson Ranch is gradually lowered

For irrigation use Arrowrock is

, and finally Anderson Ranch.

on

Ande

Irrigation

In operating the reservoirs for irrigation water supply, pri

mary attention is given to refill as soon as the irrigation season

through January period usually al

lows for a discharge from Anderson Ranch Reservoir of 400-500 cfs

for power production, but in low water years this may be reduced

to 200-300 cfs to assure sufficient storage for the coming irri

gation season. Negligible relsase is made during the non-irriga

tion season at Arrowrock Dam, and only small releases are made at

Lucky Peak Dam. During the refill period, discharge past the res

ervoirs may occasionally be increased to facilitate flood control

operations or for diversion to fill Lake Lowell.

ends in October. The November
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The off-stream reservoir, Lake Lowell, obtains water by di

version from Boise River at Diversion Dam through the Boise Pro-

I
ject Main (New York) Canal. The normal end-of-October content of

:

:

:

Lake Lowell is 120,000-140,000 acre feet. If the reservoir is below

this content, diversion from Boise River is usually begun in Feb

ruary or March. Operation of the canal during the November to

January period rarely occurs. Lake Lowell is filled as soon after

April 1 as possible, and in most years is full by May 1. When

natural flow is insufficient to meet the decreed rights to divert

to Lake Lowell, water previously stored in the upstream reservoirs

may be moved down to Lake Lowell to assure its filling.

Canals on the Boise River below Diversion Dam begin divert

ing soon after April 1. When natural flow becomes insufficient

to meet diversion demands, canals that have contracted for stor

age space in the on-stream reservoirs begin to use stored water

and the reservoirs are drawn down. The maximum contents attained

by the reservoirs is used to calculate the stored water available

to each canal (see later discussion in this chapter on Storage

Accounting). This storage is then used to supply the difference

between diversion demands and natural flow. The magnitude of the

natural flow thus determines the rate of reservoir drawdown.

Arrowrock Reservoir is drafted first in order to maintain

the power head at Anderson Ranch Reservoir and a desirable rec

reation level at Lucky Peak Reservoir. This usually results in

June through August flows of about 100-1200 cfs at Anderson Ranch

Dam and 4500 cfs at Lucky Peak Dam. These flows are exceeded if
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a flood operation extends into the irrigation season or are less

if the reservoirs do not fill to capacity. If the entire space in

Arrowrock has been used before the end of August, both Anderson

Ranch and Lucky Peak Reservoirs are drafted without exceeding power

plant capacity at Anderson Ranch. After the end of August irriga

tion demands are met largely from storage in Lucky Peak Reservoir.

The operation of Lake Lowell during the irrigation season

depends on the magnitude of diversions from the reservoir and the

availability of storage space in the other reservoirs. Inflow

to the lake is limited by the capacity of the Main (New York) Canal

at Diversion Dam. The average April through June inflow to Lake

Lowell from the Main (New York) Canal is about 600 cfs. By July,

diversions have increased, allowing only about 400 cfs to reach

the reservoir. Since this inflow is less than the outflow to the

five canals originating at the reservoir, the lake is drawn down.

The average July and August demand from Lake Lowell is 100 cfs.

In years of low runoff the inflow after July is reduced to almost

zero, and the lower canals operate entirely on Lake Lowell storage.

The inflow to the reservoir is also reduced in years when a smal

ler content is desired at the end of the irrigation season to per

mit maintenance work on the outlet structure.

Flood Control

Flood control operations are governed by a Reservoir Regula

tion Manual for the Boise River Reservoirs and a 1953 Memorandum

of Agreement between the Departments of Army and Interior. The

114



I

I

I

Manual, prepared in 1956, contains the detailed plan of flood con

trol operation including forecast procedures, parameter curves for

space evacuation, allocations of space, evacuation between the

three reservoirs, operating procedure for floods which are too

large to fully regulate, and organizational responsibilities.

The Memorandum of Agreement, which is contained in the Man

ual as Appendix A, committed the existing irrigation reservoirs

(Arrowrock and Anderson Ranch) to a system of flood control opera

tion with Lucky Peak Reservoir. Important features of the Agree

ment include:

(1) Commitment of 983,000 acre feet of space in the three

reservoirs to use for flood control, when needed. This

is essentially all of the active space in the reservoirs.

(2) Specification of flood space parameter curves to be used

with agreed upon forecasts of runoff to determine evac

uation requirements.

(3) Protection of space ownerships in Arrowrock, Anderson

Ranch, and Lake Lowell against water loss as a result

of flood control operations.

(4) Provision for coordination and agreement on runoff fore

casts.

(5) Specification of a maximum regulated flow objective of

6500 cfs below Diversion Dam.

(6) Provision of evacuation and refill orders between the

reservoirs.

(7) Provision for releases greater than 6500 cfs below
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Diversion Dam when necessary in very large floods. These

increased releases would be specified by the Chief of

Engineers (U.S. Army Corps of Engineers) after consul

tation with the Commissioner of Reclamation.

(8) Provision for maintaining Lucky Peak Reservoir full for

as long as possible after the flood control season for

recreation purposes. This would be done by releasing

Arrowrock water first for downstream irrigation uses.

(9) Provision for modification of the operating plan with

respect to allowable releases and space requirements

for flood control upon agreement of the Chief of Engin

eers and Commissioner of Reclamation or their authorized

representatives.

Forecasts are prepared by both the Corps of Engineers and

the Bureau of Reclamation. The forecast procedures used were des

cribed in the section on runoff. Table 26 contains examples of the

use of these forecasts to determine the required release at Lucky

Peak Reservoir for 19 70 and 19 71. The examples are for the per

iod April 1-15, but any other period would be treated in a simi

lar manner using appropriate forecasts. Note that in addition to

the required average release rate (item 8), the table also shows

the average releases that were made during the period (item 9).

Because the Bureau of Reclamation forecast procedure has changed

since the 1970 and 1971 example years, the estimated operating

forecast, Item 1 in Table 26, is taken to be the average of the

Corps of Engineers forecast and a forecast computed by the current
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Bureau of Reclamation procedure. Individual agency forecasts were

presented earlier in Table 3.

No changes have been made in either the Manual or the Agree

ment since they were originally prepared. As discussed in FLOODS

AND FLOOD FREQUENCY the system has achieved control of flood flows

to about 7200 cfs or less at Boise since the plan was put into

effect in 1954. Experience has apparently tended to permit flows

above 6500 cfs below Diversion Dam when downstream diversions are

capable of reducing the flow to 6500 cfs in the reaches of least

channel capacity.

When the Manual and the Agreement were prepared, it was anti

cipated that diversions by the Boise Project Main (New York) Canal

would be made in March and April. In years when flood control

operations are required, the early spring diversions by the Main

Canal have been much less than expected. This has reduced the

capability to evacuate space and thus has changed the flood control

operation.

The curves which specify space requirements based on forecasts

(Plate A-2, Boise River Regulation Manual) were constructed on

the assumption that the Main (New York) Canal diversions could be

relied upon in flood years. At least partly offsetting this in var

iable and undetermined amounts is the fact that the maximum flow

below Diversion Dam can exceed 6500 cfs when the lower canals are

diverting. There is an obvious need to review the assumptions used

in preparation of both the Manual and the Agreement in light of

current conditions,
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Although the Agreement contains provision for exceeding down

stream channel capacity in very large floods, no guide or criteria

has been provided to make such a decision. The Manual (but not

the Agreement) does contain a chart of major flood regulation para

meter curves which specify increased releases based on remaining

flood control space and forecast runoff. Conditions for which

the Manual would have required greater releases appear to have

occurred in 19 71 but such releases were not made. This was prob

ably due to a lack of a procedure in the Agreement for specifying

releases in floods which cannot be fully controlled. The 1971

operation was successful only in that weather conditions late in

the flood resulted in a prolonged noncritical runoff; thus the

regulated outflow did not exceed channel capacities. Figure 29,

reproduced from "Columbia River Water Management Report for 1971"

illustrates the 19 71 Boise River flood operation. A future flood,

somewhat larger or having a critical snowmelt sequence could

result in loss of control and major flood damages.

Hydroelectric Power

The 35,000 kilowatt hydroelectric installation at Anderson

Ranch is operated as a secondary use function. An exclusive stor

age right of 5,200 acre feet of space is allocated in Anderson

Ranch Reservoir for power operations.

The normal operation is to release full capacity of the power

plant from May through July at essentially a constant rate needed

to meet irrigation pumping loads. During fall and winter, the
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reservoir is operated to maintain the power head as high as possible

and a lesser flow is released through the power plant. This usu

ally amounts to an average of 400-500 cfs with daily fluctuations

to meet load variations that are characteristic of the area power

load.

Data for actual power production on load served are available

on a very detailed basis in the Snake River Projects Office of the

U.S. Bureau of Reclamation.

It should be mentioned that original project studies proposed

power production for Lucky Peak Dam, but it was not included in

the constructed project. More recent studies of the U.S. Corps

of Engineers have projected storage development of the Twin Springs

Reservoir site and provisions for adding power capability to Lucky

Peak Dam. This is described in the two volume report of the U.S.

Corps of Engineers Interim Report No. 6 (1968).

Recreation and Aquatic Life

Lucky Peak Reservoir is very popular with recreationists and

to accomodate water based activities the reservoir level is main

tained as high as possible with limited fluctuations until the

beginning of September. To accomplish this, Arrowrock Reservoir

is severely drafted and, to a lesser extent, Anderson Ranch, to

meet irrigation demands. Anderson Ranch Reservoir releases are

made gradually, when possible, so that disturbance to fishing ac

tivity below the dam is minimized.

The Idaho Fish and Game Department has contracted for 50,000

acre feet of space in Lucky Peak Reservoir for fishery maintenance
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below Lucky Peak Dam. In the fall after irrigation releases are

stopped, about 100 cfs is released at Lucky Peak from this space.

This discharge is maintained until the next irrigation season un

less: (1) flood control operations require a greater release;

or (2) the amount of water that is available from the space has

been entirely used. In the latter event, a special agreement be

tween the Idaho Fish and Game Department and the USBR may be made

to release an amount less than 100 cfs from unallocated space in

Lucky Peak. When the amount of water remaining in the unallocated

space is less than average, this release would not be made.

In some years, releases cannot be made at Lucky Peak Dam for

periods of up to six weeks when maintenance work is required on

the outlet works at the dam.

Reservoir Storage Accounting

Allocations of storage space to individual canals and other

uses are described in WATER RIGHTS and listed in Tables 12, 13,

and 14. The entire space of Arrowrock and Anderson Ranch Reser

voirs has been allocated to irrigation districts or canal companies

with two exceptions. In Anderson Ranch, 5,200 acre feet have been

allocated to power production; and in Arrowrock 23,000 acre feet

have been reserved for future irrigation in the Hillcrest area of

the Boise Valley. Of the total 278,200 acre feet of usable stor

age in Lucky Peak Reservoir, 116,250 acre feet of space have not

been contracted for, and therefore is not committed to any use.

Of the remaining storage, 111,950 acre feet are allocated to
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irrigation districts or canal companies and 50,000 acre feet to

the Idaho Fish and Game Department. The amount of power, unallo

cated, and Fish and Game water available each year is calculated

the same as that for irrigation allocations. The unallocated water in

Lucky Peak is available for purchase at $0.50 per acre foot by

canals and districts with existing water rights. The reserved

water in Arrowrock is leased each year to the Boise Project Board

of Control.

Early in the irrigation season when the four reservoirs (An

derson Ranch, Arrowrock, Lucky Peak and Lake Lowell) have reached

their maximum content, the water available to all spaceholders

for the coming season is calculated. The Boise Project Board of

Control determines the amount available to spaceholders in Anderson

Ranch, Arrowrock and Lake Lowell reservoirs, while the Bureau of

Reclamation determines the amount available to Lucky Peak space-

holders. When all four reservoirs fill to capacity, spaceholders

receive credit for 100 percent of their storage allocation. If

all four reservoirs do not fill the storage received by each space-

holder is calculated using the percent of fill.

Even though a reservoir does not physically fill, it may be

considered full if water storable under the rights of that reser

voir is physically present in another reservoir. Arrowrock Res

ervoir and Lake Lowell have the earliest storage rights on the

river, and therefore are considered filled when an amount equal

to their capacities (286,000 and 169,000 acre feet) has been stored

within the system. The next earliest storage right is for storage
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at Anderson Ranch Reservoir which has a usable capacity of 423,200

acre feet. Runoff at Anderson Ranch which is not committed to di

version rights on the lower Boise River can be stored at Anderson

Ranch and attributed to storage there, if Arrowrock and Lake Low

ell reservoirs have previously filled. Lucky Peak Reservoir has

the latest storage right and can store all water not storable at

Anderson Ranch, Arrowrock or Lake Lowell and which is not com

mitted to other diversion rights. The maximum usable space in

Lucky Peak is 278,200 acre feet, but not more than 265,000 is filled

under normal conditions because of the danger of waves washing

over the emergency spillway.

At the end of the irrigation season, the amount of storage

water not used is calculated for each spaceholder. Unused water

in Anderson Ranch and Lucky Peak reservoirs can be carried over

to the next irrigation season and added to new water if the space

fails to completely fill. However, spaceholders cannot accumu

late more than 100 percent of their storage allocation. Stored

water in Arrowrock and Lake Lowell is not credited as carryover

for individual spaceholders. This procedure is a result of the

nature of the original agreements with spaceholders in the res

ervoirs .

Table 27 shows the carryover credited to each reservoir for

a dry year (1961), an average year (1970), and a wet year (1971).

Because Arrowrock and Lake Lowell reservoirs do not credit indiv

idual spaceholders with carryover, the values shown for these res

ervoirs apply only to the next year's refill of those reservoirs.
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The amounts for Anderson Ranch and Lucky Peak reservoirs are res

erved for individual spaceholders. These amounts are not neces

sarily the same as the actual storage content of each reservoir

at the end of the season, however the total carryover is equal to

the actual content of the system.

Table 27. Representative Carryover of Usable
Storage for Boise River Reservoirs.

(Units in 1000 Acre - Feet)

Year Carry-Over Storage

Anderson Ranch Arrowrock Lucky Peak Lake Lowell Total

1961 92.9 0.7 1.3 61.1 156.0

(dry year)

1970 246.3 1.3 265.6 116.8 630.0

(avg. year)

1971 293.4 1.4 262.7 123.2 680.7

(wet year)

The Boise River Watermaster administers and accounts for the

distribution of the stored watero When canals begin to use stored

water, the Watermaster keeps a current account of each canal's

remaining storage. Spaceholders in Anderson Ranch and Arrowrock

reservoirs can use their storage as desired, but because the con

struction cost of Lucky Peak Dam was not allocated to irrigation,

irrigation storage in this reservoir is operated differently than

that in the other two on-river reservoirs. Unlike Arrowrock and

Anderson Ranch, spaceholders in Lucky Peak are not charged for

contracted space unless it is actually used and this charge is

based solely on the cost of operation and maintenance. In addition,
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a spaceholder must have withdrawn any and all stored water that

is available in the other two reservoirs before Lucky Peak water

is used.

Estimated Long Term Operation

An operational model of the Boise River has been developed

by the Idaho Water Resource Board. This model is a part of a

series of surface water models used to evaluate hydrologic effects

of alternative methods of management in the entire Snake River

Basin. Using this model, monthly estimates of Boise River Reservoir

contents and flows were made assuming present level of develop

ment in the years 19 28 and 196 8.

End of month storage resulting from this study is presented

for Anderson Ranch, Arrowrock and Lucky Peak reservoirs in Fig

ures 30 through 32, respectively, In addition to the simulated *

contents of these reservoirs, the historic reservoir contents are

also shown. Differences between the simulated and observed values

are the result of applying two assumptions uniformly each year

throughout the entire period. These assumptions were:

a) All structural controls existing in the year 197 3

exist during the entire period of operation;

b) All structures are operated throughout the period

to reflect 1973 methods of operation.

The simulated values do not reflect the effects of special opera

tions that frequently occur in the actual system. These operations

occur at random and are impossible to predict in simulation studies.
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1

Assuming that water supply conditions experienced from 192 8-

68 were sufficiently varied to adequately reflect probable future

runoff conditions, the reservoir operations shown in Figures 30,

31 and 32 are typical of those that will be experienced in the

future. All reservoirs were emptied in one year, 19 31, out of the

41 years of simulated operation. That year was the last year of

a four year critical sequence in which the reservoirs failed to

fill in three consecutive years. The study indicated that irriga

tion shortages to all canals receiving water from the Boise River

would have been about 400,000 acre-feet, or about 20 percent of

the total diversions.

As a result of the above reservoir operation, the monthly flow

from each of the reservoirs was simulated for the same period.

Figure 33 compares the 1928-67 simulated discharge of Boise River

near Boise with the computed natural flow at the same location.

These data show the effect that the reservoir regulation system

has on the river below Lucky Peak Dam.

Further use of this model can be made to evaluate the effect

iveness of present operation of both the Boise Project and the non

federal developments in utilizing the available water supply. Var

ious management alternatives can be examined and compared to the

present operation to determine possible improvements. Examples

of alternatives which could be evaluated are: improved irrigation

efficiencies, ground water pumping, longer maintenance of recreation

levels, use of unallocated space, new reservoirs, minimum flows,

and revised power operations. An aquifer model is being developed
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as a part of this sub-project and will be discussed in the GROUND

WATER section. Together these two models are capable of completely

describing the effects of present day operations on the Boise Val

ley water supply and optimizing alternatives for river management.
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BOISE VALLEY GROUND WATER

The lowland of the Boise Valley is a broad alluvial plain

having low relief adjacent to the river channel. At the head of

the valley there is the Broadway Terrace on the north side of the

river, and on the south a series of terraces that form a trans

ition belt of low scarps and benches (Whitney Terrace, Sunrise

Terrace, and Gowen Terrace) that rise steplike to the level of

the Mountain Home plateau. On the north and east the valley is

bounded by low foothills, an area referred to as the Boise Ridge

On the west and south the valley merges with the main valley of

the Snake River. Nace, et al. 1957, describe the underlying geo

logy as follows:

. . . Beneath the entire area, from the mountains north
of Boise southwestward to the Owyhee Mountains, a huge
basin is formed by a troughlike, impermeable floor of
consolidated ancient rocks, the Idaho and Owyhee batho-
liths and associated older rocks. Within this trough
is a great thickness of Tertiary stream and lake depos
ited sediments (Payette formation) and volcanic rocks
(so-called) Owyhee rhyolites of Kirkham (19 31) and Col
umbia River basalt). These rocks have generally low
permeability but form a deep regional groundwater reser
voir 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 ar
tesian water in the Boise and Snake River valleys. On
the ancient land surface formed by the Idaho formation,
streams spread a thick sheet of permeable terrace gravel.
Lava flows formed the Snake River basalt, which rests on
the lower part of the gravel at some places and is cov
ered by the upper part of the gravel at other places.
Basalt accumulated chiefly on the Mountain Home plateau
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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, form
ing the present course of the Snake River. Meanwhile
the Boise Valley was formed by alternative stream
erosion and deposition, which formed terraces underlain
by permeable younger terrace gravel, and bottom land
occupied by highly permeable recent alluvium. Recent
lava 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 older terrace gravel and Idaho formation."

For detailed reports, the following give more geologic infor

mation especially at the borders of the basin; Dion (1972) , Kirkham

(1931), Lindgren (1898), Lindgren (1904), Mohammad (1970), Savage

(1958), and Toron (1964).

Nature of Ground Water Occurrence and Recharge

The geologic description speaks of the older and deeper forma

tions and writers tend to refer to two aquifer systems, the deeper

aquifer of lower permeability sometimes referred to being in the

Glenns Ferry Formation of the Idaho Formation and the shallower

system of older terrace gravels, basalts of the Snake River Group,

the younger terrace gravel, and Quaternary alluvium. The deeper

aquifer is quite commonly under artesian pressure, The upper or

shallow aquifers appear to be complex, but are often treated as a

single hydrologic unit. Superimposed on this are perched water

tables caused by caliche layers.

Before the period of irrigation, recharge was from the limit

ed precipitation, seepage from the intermittent local streams, and

some leakage from segments of the river just east of Boise. Indi

cations are that the depth to the water table was in excess of
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100 feet. Dion (1972) indicates the recharge at present comes from

Sthe leakage from irrigation canals, the downward percolation of

applied irrigation water and precipitation, and by downward percol

ation of domestic waste water from septic tanks, losses from the

local intermittent streams and the segments of the Boise River.

He also mentions upwork leakage from the deeper aquifer.

Definitely there has been a rise in the water table of these

upper aquifers. This is illustrated by the hydrograph of a long

time well record presented as Figure 34. The most rapid change

apparently occurred in the period from 1911 to 1935. Carter in

the Fourth Biennial Report of the Idaho Department of Reclamation

(1926) noted that beneath 125,000 acres of land in the Boise Val

ley (more than one-third of the irrigation area) the water table

was less than 15 feet below the land surface. The report of Dion

(19 72) indicates rather minor change in water table conditions from

1953 to 1970.

Three recent M.S. theses from the Geology Department of the

University of Idaho give further detail on the ground water occur

rence. Toron (1962) treated an area in the vicinity of Boise City.

Mohammad (1970) studied an area near the foothills of the Boise

Ridge on the north side of the Boise River. His study had limited

information on the flow system of the Glenns Ferry Formation. He

concluded that the regional ground water flow system in that vici

nity near the Boise Ridge does not have much natural recharge a-

long the Boise River, but must extend discharge further south in

the Idaho Formation. Williams (1973) reported on studies in the
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I

central portion of Canyon County and presented some updated water

level data in connection with his research on location of land

areas appropriate for the disposal of waste waters. Dr. L. Mink

of the Idaho Bureau of Mines and Geology has continued studies on

locations of land areas for waste water disposal extending into

most of the lowlands of the Boise River Basin.

Apparently the upper aquifer has reached a somewhat stable

condition. Indications in several reports refer to waterlogging

that has occurred in the basin and an extensive system of drains

has been advocated by studies to alleviate the condition. An

early study of the drainage problem was covered by a brief report

by Keener (192 0) and a supplement by Keener (1921) in February

of 1921. The first report gives one of the early maps of depth

to ground water in detail. Locations of wells are also identified

in another map. These reports mention the problem of lack of iden

tity of the ground elevations at the wells. Tabulations are shown

indicating rates of ground water rise by year and predictions were

made as to when water logging would likely occur.

The report of Carter (1936) as Exhibit A in the U.S. Bureau

of Reclamation report by Riter and Keimig (1936) gives interesting

comments on pumping of ground water for drainage and to serve as

a supplemental water supply. A ground water map prepared by Car

ter for the State Water Conservation Board is reproduced as U.S.

Bureau of Reclamation Map 3-D-433. This map gives depths to the

water table over much of the lowland portion of the basin.
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A particular area witnessing high water table problems was

the Whitney Terrace area to which West (1955) devoted a special

study. Open drains constructed in the valley during the period

1914 to 1921 were reported as 127 miles in length, and Nace, et al.,

estimated the Mileage as of 1957 to be more than 325. The Pioneer

Irrigation District and the western portion of the Nampa-Meridian

Irrigation District have developed many drainage wells. Much of the

drainage water is reused in the lowland portion of the basin. This

reuse of water has made it very difficult to make water balance

studies of the basin.

The natural hydrologic pattern of rise and fall of the water

table would normally occur with highest levels in the spring, but

because of the great effect of irrigation on recharge, the annual

peaks always occur at the end of the season, in September and Oc

tober. Examples of these seasonal fluctuations are reported by

Nace (1957) and by Mundorff (1964), but a more up-to-date example

of this is shown in Figure 35.

Nace, et al. contended that with the apparent filling of the

upper ground water aquifer a stabilized condition evolved where

ground water discharged by drains from the aquifers and upper allu

vium far exceeds the amount of ground water withdrawn from wells.

However, recent well development may have changed this relation

ship to some extent.

Water Table Conditions

Various attempts have been made to characterize the water

table since the Boise Project has been under development. This
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research forms a good basis for making evaluations pertinent to

the use and control of water. An early depth to water map repre

senting conditions of 1914 is presented as Plate 6 of U.S. Geo

logical Survey Water Supply Paper 1376. This report also indi

cates several high water table problem areas in the valley. In

particular areas of the Nampa-Meridian Irrigation District were

affected by waterlogging as were some areas of the Whitney Terrace

between Meridian and Ustick.

Nace (1957) gives water level conditions for 1953 and Dion

(1972) presents a water table contour map for the year 1970. The

latter study utilized wells, but did not extend to the western

boundary of the basin. Small changes can be noted from 1953 to 1970.

Measurements reported by Dion (1972) in 42 wells measured by both

studies indicated only a 0.2 foot average decline, which the author

concluded was not significant since year to year changes were as

great or greater than the reported average decline. An updated

ground water contour map of the basin utilizing 210 wells in the basin

and correlating all previous water table maps has been prepared

for use in a digital ground water model which is part of this sub-

project study. Figure 36 is the water table map prepared for the

study.

Ground Water Model

A digital ground water model developed by de Sonneville (1972)

and Brockway and de Sonneville (1972) is being adapted to the Boise

Valley aquifer to facilitate the analysis of irrigation on the

ground water system.
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The mathematical model developed is a finite difference digital

model and, like models of Pinder (1969) , uses the alternating dir

ection implicit method as introduced by Peaceman and Rachford (1953)

and Douglas and Rachford (1956).

It is general enough to be applied to a wide range of aquifers

and accomodates non-homogeneous confined and unconfined, leaky

and non-leaky aquifers. All boundary conditions normally en

countered can be handled such as impermeable and constant head

boundaries; boundaries formed by lakes and streams in which the

water level changes in time are incorporated and a flow boundary

through which flow is variable and a function of the 'upstream' flow

flow regime. For the purpose of management studies and option for

simulating a surface drain is included. The drain functions as a

constant head when the water table around the drain is higher than

the drain level and is neglected when the drain level is above

the water table.

Inputs to the modeled area are separated according to their

dependency on the hydraulic head in the aquifer. Input which is

dependent on the hydraulic head includes leakage (if present) from

or to the aquifer from an underlying or overlying water bearing for

mations and is generated in the model program. It is assumed that

the head in the adjacent formation is constant during the simula

tion period.

Input or output not dependent on the hydraulic head include

precipitation, irrigation application, crop evapo-transpiration,

well discharges or recharges, inputs or outputs due to change of
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average water content of the soil profile above the water table and

canal seepage. Canal seepage is normally dependent on the water table

levels and can be calculated in the model program as such, but in

many cases unsaturated flow exists below the canal invert and canal

seepage can be treated as a constant factor.

The Boise Valley aquifer has many different irrigation districts

in which input due to irrigation practices varies substantially

and with a spatially varying geology, rise of the water table may

vary substantially from location to location. Maximum rise for all

node locations may not occur at the same time. To make a reasonable

simulation of the hydrogeological system it is considered necessary

to approximate as accurately as possible inputs for each node at

each time-step. Therefore, in a separate input program, data on

climate, soils, crop distribution, irrigation diversions, distribu

tion losses and irrigation practices are utilized to calculate a

three dimensional input term for which a tape is generated. This

tape serves as an input to the mathematical model program.

The data for a study area is composed of (1) data directly

related to the water management of the study area. These data are

used to generate the source term for the model program. (2) Other

information is data related to the geo-hydrological properties of

the aquifer such as the hydraulic conductivity values, the storage

coefficient, the aquifer bottom elevation, the impedance of the

leaky aquifer, the initial head difference between aquifers, and

the initial water table values.

143



Except for water table data for which historical records are

available from wells, information about the geo-hydrological para

meters is extremely scarce for most aquifers. This is especially

true for the Boise aquifer. With scarce geological or hydrologic

input data, simulation of historical behavior can only be achieved

with calibration. Hydrologic inputs to the Boise aquifer are con

sidered to be better defined than geological parameters such as

conductivity, storage coefficient, impedance of leaky aquifer and

a trial and error calibration is cumbersome and the results doubtful.

Therefore, a calibration routine which adjusts the hydro-geologic

parameters systematically to achieve the proper aquifer response

is included in the model program,

Water level data for 420 wells in the Boise Valley was acquired

from U.S. Geological Survey and the Idaho Department of Water Ad

ministration files, Sixty of these were U.S.G.S. observation wells

and the remainder were U.S.G.S. inventory wells. Two hundred fifty

three well logs were obtained from the Department of Water Adminis

tration. Additional data for 71 wells was available in U.S.G.S.

publications and in research theses from the University of Idaho.

These publications also provided geologic and hydrologic data des

cribing and helping to define the hydrologic units of the study

area. Information on acreages served by ground water and by pump

ing from the Snake River were supplied by the Idaho Water Resource

Board. Maps and publications defining irrigated lands and the

water delivery systems were furnished by the Boise Project Board of

Control, the Boise River Watermaster, and the Soil Conservation

Service.
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Water level data is most extensive for the year 1970 and for

that reason, the 1970 calendar year has been selected as the base

for the program. Water level contour maps have been computed for

1970 in order to examine the water table and to precisely define

the boundaries of the model. Model boundaries have been established

as; the Boise River from Diversion Dam to Eagle, the highlands

north of the Boise River to confluence of Boise and Snake Rivers,

the Snake River from its confluence with the Boise to longitude

116°30 (border of Ada and Canyon Counties) and a tentative boundary

line drawn northeast to Diversion Dam excluding non-irrigated lands

(Figure 35).

Surface water data was acquired from the Boise Project Board

of Control, the Boise River Watermaster, Army Corps of Engineers,

and extensive data from the Black Canyon Irrigation District Of

fice at Notus, Idaho. The lands within the Board of Control were

broken down into divisions which are combinations of two to three

ditchrider rides for input to the model. All other irrigated lands

were divided into convenient divisions subject to restrictions

of available data. The twenty-five divisions average about 15

square miles and vary from eight to forty-five square miles.

The Corps of Engineers has supplied extensive data on the

stages of the Boise River and its tributaries for various flows.

This will be used in establishing the variable constant head boun

dary between Diversion Dam and Eagle and to refine the water table

maps. Data on irrigation application is being prepared for the

input model.
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This model has been applied to the Snake River Fan aquifer

in southeast Idaho and showed very satisfactory results. Boun

daries which were satisfactorily simulated included constant head

boundaries, variable head, impermeable boundaries and flow boun

daries with prescribed or variable flow. A surface drain simu

lation was also achieved. The model was applied to the area des

pite scarce geological data. With the calibration routine in

cluded in the model program even with scarce geological data the

model was capable of simulating historical behavior of the aquifer

in the study area. The standard deviation from measured values was

1.25 feet for the priority timestep, while the average rise of the

water table for this timestep was 35 feet. The ability to simulate

historical behavior and the input flexibility makes the model very

convenient for studying effects of management changes on aquifer

behavior and will upon completion provide a workable tool for eval

uating the effects of irrigation on the ground water in the Boise

Valley.
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CONCLUSION AND RECOMMENDATIONS

This study was intended as an evaluation of water use and

water control of a major federal water development and the fol

lowing conclusions are presented:

1. The study has met the project objective in presenting

a valuable collection and cataloguing of hydrologic,

water use and water control data for use by future in

vestigators. It should be a valuable reference aid in

water resources studies and in particular in evaluating

the economic, social and environmental impacts of water

resource development in the Boise River area.

2. Irrigation delivery records reveal that the irrigation

diversion rates on federal project lands are presently

lower than the non-federal entities as a whole. Use

rates per acre appear to be stabilized and the federal

project storage has provided a comparatively risk-free

supply. More analysis is needed to provide a basis for

indicating how well the system is achieving an optimum

use of the water in a hydraulic and meteorological sense.

3. Irrigation return flows into the Boise river and reuse

of return flows by downstream users greatly affect the

management and diversion that are made in the system.

Data on interchange of return flow water between districts

is lacking as are winter return flow measurements.
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4. The evolution of surface water rights has developed rules

for allocation of natural flow which, if consistently ad

ministered, should provide equitable water distribution.

Quantification of actual ground water withdrawals and

applicable diversion rights is lacking.

5. Flood studies indicate that the flood control operations

have successfully reduced peak flows below maximum chan

nel capacities in the Boise area. However, it appears

that this regulation may not have been achieved by strict

application of the criteria outlined in the Corps of En

gineers Reservoir Regulation Manual.

6. Mathematical simulation of the ground water of the basin

offers the greatest potential for evaluating the inter

relationships of irrigation applications, water table

levels and return flows. Successful simulation of the

ground water system will assist in evaluation of the ef

fects of irrigation development and possible changes in

water management on the water resource in the basin.

Several recommendations are made which if implemented could

assist user groups, planners, and operating agencies in understand

ing and operating the system. These recommendations primarily in

the form of data needs are as follows:

1. Determination of regulated flood frequency curves should

be completed for the entire period of record considering

present facilities and management. The available curves

are not adequate and determination of flood damage potential
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with the reservoir system in operation depends on reliable

regulated flood frequency curves.

2. Boise River channel capacities should be re-evaluated.

Normal aggradation has probably occurred since the 1939

determinations and re-evaluation would be helpful in flood

control decisions as well as flood damage studies.

3. An attempt should be made by operating agencies to stan

dardize runoff forecast procedures.

4. The Corps of Engineers - Reservoir Regulation Manual and

the Flood Control Operation Agreement should be re-evalu

ated in light of current conditions. Specific topics

which should be considered are criteria for determination

of storage space requirements, integration or irrigation

canal diversions in flood control operations and effects

of pre-regulation season canal diversions on flood control,

5. Differences in water diversion rates between different

types of systems operating in the Boise River area are

influenced by many factors including governmental control,

water rights, geographical location, and other factors.

The magnitude of the effects of these influences could

be determined by a study of water diversion and delivery

rates, return flow, and conveyance losses for the four

types or patterns operating in the basin, namely: (1)

the old decreed right canal systems having non-federal

affiliation, (2) the Boise Board of Control system lands

that involve an old private irrigation system upon which
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has been superimposed a federally designated and operated

reservoir system, (3) the newer Black Canyon Irrigation

District system which was designed and built by the U.S.

Bureau of Reclamation and operates with water supplied

from a federally operated trans-basin diversion, and (4)

an area of new lands that are being privately developed

and involve sprinkler irrigation systems and minimal in

fluence from governmental control.

A continuing program of return flow measurement should

be implemented to monitor the distribution and reuse of

return flow between irrigation districts. A program for

measurement of return flows during the nonirrigation sea

son should be implemented. This data would assist in

evaluating water use and water supply requirements and

would add to the present limited knowledge of the hydro-

logic system.

A gaging station at Star on the Boise River should be

installed. Measurements at this point will allow accur

ate determinations of return flow distribution and assist

in the regulation of the river for irrigation.

An extensive survey of actual surface and ground water

irrigated land should be made including areas adjacent

to the Boise River drainage, but tributary to the Snake

River. This survey will assist in ascertaining the ef

fect of urbanization and conversion to sprinkler systems

on the water requirements and on the aquifer system.
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9. With the four reservoir system, the possibility of ap

plying new techniques for reservoir operation optimiza

tion should be considered. Twenty years of operational

data on the system should be sufficient for application

of probabilistic techniques to operational studies on

the Boise River system. Techniques such as those out

lined by Morris (1965) should be applicable.

10. Continued studies should be pursued toward development

of the ground water model with integration of return

flows and river reach gains.
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