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FOREWORD.

This bul¥etin is one of a series appended to the ‘“Summary Report
on the Water Resources of California and a Coordinated Plan for
their Development’’ that was presented to the Legislature of 1927. It
is part of the investigation of the water resources of the State com-
menced in 1921. This investigation comprised a survey of water sup-
plies and flood flows throughout the State, a determination of their
characteristics, an estimate of the present and future needs for water,
and the formulation of a comprehensive and eoordinated plan for
future development in order to insure adequate water supplies for all
purposes. The 1927 report concludes this investigation. The entire
series of bulletins pertaining to the 1927 report are:

Bul. 12—“Summary Report on the Water Resources of California
and a Coordinated Plan for their Development.”” (A
report to the Legislature of 1927.)

BUL. 13— ‘THE DEVELOPMENT OF THE UPPER SACRA-
MENTO RIVER.”

Bul. 14— ‘The Control of Floods by Reservoirs.’’

Bul. 15— “The Coordinated Plan of Water Development in the
Sacramento Valley.”’

Bul. 16—‘The Coordinated Plan of Water Development in the
San Joaquin Valley."’

Bul. 17— ‘The Coordinated Plan of Water Development in South-
ern California.”’

Other bulletins pertaining to these investigations published prior to
the 1927 report are:

Bul. 4—“Water Resources of California.’’ (A report to the Legis-
lature of 1923 on the first two years of investigation.)

Bul. 5—"‘Flow in California Streams.”’

Bul. 6—“Water Requirements of California Lands.

Bul. 9—“A Supplemental Report on the Water Resources of Cali-
fornia.”” (A report to the Legislature of 1925.)

Bul. 11— ‘Ground Water Resources of the Southern San Joaquin
Valley.”’

LE

The first appropriation for the investigation of the water resources
of California was made by Chapter 889 of the 1921 Statutes, in the
amount of $200,000. This resulted in the publication of Bulletins Nos.
4, 5 and 6. These contain a complete inventory of all the waters
within the State’s boundaries, an estimate of the future needb of water
for all purposes, and a preliminary comprehensive plan for ultimate
development that will secure the greatest publie service from the State’s
limited water supply.

No provision was made for the continuance of the investigations by
the 1923 Legislature, but at the urgent request of the farmers of the
southern San Joaquin Valley the Chambers of Commerce of San Fran-
cisco and Lios Angeles advanced $90,000 for the study of a first unit of
the comprehensive plan that would relieve the stress in a section of the
State most in need of an imported water supply. With this money,
works were planned that would transport the surplus waters of the
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Sacramento drainage basin into the San Joaquin Valley and make a
new supply available for the southern half of the valley. An aceount
of this work is published in Bnlletin No. 9, a report to the Legislature
of 1925.

Chapter 477 of the 1925 Statutes made $150,000 available to the
Division for completion of the work.

Parallel with the water resources investigation, the Division entered
into a contract with the United States Bureau of Reclamation in Janu-
ary, 1924, for further study of the Iron Canyon projeet. Although
this stndy has been pursued as an individual project for irrigating a
portion of the Sacramento Valley floor and generating incidental
power, since it concerns a reservoir site on an accessible stream con-
taining a large surplus of water, it is of material interest to a
“Coordinated Plan’’ of development for the Great Central Valley.
Therefore, the entire report on the Iron Canyon project has been
included in this volume.
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CHAPTER 1.

INTRODUCTION AND SUMMARY,

The Sacramento River, upstream from the mouth ot the Feather, is
the most important of all streams tributary to the Great Central Valley
of California. With 12,100 square miles of mountain and foothill
drainage area, it produces a mean seasonal run-off of 12,400,000 acre-
feet, one-half of the run-off frowm the entire Sacramento drainage area
and one-third of all the waters of the Great Central Valley. The bulk
of the waters surplus to the future needs of the Sacramento Valley lies
in this stream. Large reservoir capacity will be required to equalize
its flow in order that this surplus may become available for use.
Thervefore, a major project to develop the surplus waters of the Sacra-
mento Valley is contingent upon the feasibility ol constructing storage
works of large capacity on the main Sacramento River,

A reconnaissance survey was run the entire length of the main
channel in search of possible reservoir sites. Only one sife of large
capacity was found. TIts dam lies five miles below the confluence with
the Pit River and backs water up the upper Sacramento, the Pif, the
MeClond, Squaw Creek and numerous small streams and gulehes so
that, although the reservoir is comparatively narrow, it has a large
capacity. The dam foundations have been explored with the diamond
drill and have been found adequate for the construction of a reservoir
up to 10,000,000 acre-feet capacity. Such a reservoir would yield each
year, in addition to present use, 4,600,000 acre-fect of water equalized
for the requirements of irrigation and would warrant a power plant
of 500,000 k.v.a. capacity below the dam. This site is called Kennett,
from the nearby town of that name. Two other sites were located in
the Sacramento Canyon, but the cost of storage would exceed that at
Kennett and they would overlap the larger Kennett reservoir,

Fifty miles downstream from the Kennett site on the main ¢hannel
of the Sacramento River is the proposed Iron Canyon reservoir.
Topographically this reservoir could be constructed to a capacity of
3,000,000 acre-feet. However, the none foo favorable foundations for
a dam lmit its capacity to 1,120,000 acre-feet. The Iron Canyon
project, including both the reservoir and the lands fo be irrigated
from it, has been under investigation at intervals since 1902 by the
United States Bureau of Reclamation aund the State Kngineer in
cooperation.  The latest report, reeently completed by Walker R.
Young, engineer of the Burcan of Reclamation, is included in this
volume. This report estimates the yield of a 1,120,000 acre-foot reser-
voir at 800,000 acre-feet of water per yvear additional to present nse
and equnalized for the needs of irrvigation. It finds that a power plant
of 100,000 k.v.a. eapacity would bhe warranted at the foot of the dam.
One-third of the area of the Anderson-Cottonwood Irrigation Distriet
would be flooded by this reservoir.

Both the Kennett and the Iron Canyon reservoir sites lie npstream
from the main body of agricultural land on the floor of the Sacramento
Valley and are in the physical position to serve any part of these lands
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with irrigation water. Both of these reservoirs are included in the
preliminary comprehensive plan® for ultimate development of the
State’s waters presented to the 1923 Legislature. They both will be
required ultimately becanse the Iron (anyon site, being 50 miles
downstream, has 2609 square miles of drainage area tributary to it
that is not contro]led by Kennett. This produces an average run-off
ol 2,536,000 acre-feet per year.

The Iron Canyon reservoir is not inceluded in the “ Coordinated Plan’’
presented to the 1927 Liegislature, however, since its capacity is insuffi-
cienf, to meet the needs of this plan. The *‘ Coordinated Plan’’ selects
the units of the conprehensive plan for ultimate development from
which the greatest public service may be obtained through the next
half century., It provides for coordinating the operation of these
units to secure the solution of the outstanding water problems that
threaten future growth. It provides for all the needs for water on the
floor of the Sacramento Valley during the next half ecentury, including
rrigation, navigation and salt water control, together with a surplus
for use i the San Joaguin Valley. It would cut flood flows in half
on the upper part of the Sacramento River and develop a large amonnt
of electrie power, All these things could not be accomplished were the
smaller Iron Canyon reservoir \nbstltu‘rod in the “‘Coordinated Plan’’
in place of Kennett. FKurther, the dam foundations are more favorable
at Kennetf than at Iron Canyon and no agricultural lands are flooded,
while the unit cost of producing water and power is abont the same.
Therefore, the interests of the State are best served by giving preference
to the Kennett site. Undoubtedly at some time in the future the
run-off from the drainage area between these two reservoirs will be
needed. The only way it can be obtained is through the construetion
of the Jron Canyon reservoir.

The ‘‘Coordinated Plan’’ proposes the construction, amongst others,
of a dam at the Kennett site to the initial height of 420 feet. At this
hieight the reservoir wounld have a capacity of 2940,000 acre-feet, large
enongh to yvield annnally, over and above present use, 2,838,000 acre-
feet of water equalized for irrigation needs when operated primarily
for this purpose. A power plant of 400,000 k.v.a. capaeity would be
constructed below the dam. Sluiceways would be constructed in the
dam for conirolling floods.  Operated in accordance with the
“Coordinated Plan,’”” the Kenuett reservoir would reduce the maximum
flood flow in the Sacramento River at Red Bluff' from 278,000 to 125,000
second-teet.

The locations of the Kennett and lron Canyon reservoirs are shown
on Plate A, ‘‘Three Units of Comprehensive Plan on Upper Sacra-
mento River.”” The third unit is the diversion of the upper section of
the Trinity River into the Sacramento Valley.  This diversion is also
a unit of the “ Coordinated Plan’ for development of the Sfate's
waters. It would introduce au annual supply of 870,000 aere-feet into
the Great Central Valley that would otherwise flow through a moun-
fainous country into the Pacific Ocean nunnsed except for the generation
of electriec power. The Trinity diversion is fully deseribed in Bul. No.

*# Chap. VI, Bul, No. 4, “Water Resources of Californin,” a report to the TLegls-

lature ot 1923 by the Division of Engineering and Irrigation, State Depariment of
Public Works,
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DEVELOPMENT OF UPPER SACRAMENTO RIVER. 15

15, “*The Coordinated Plan of Water Development in the Sacramento
Valley.””

In addition to the foregoing possibilities of developing water on the
main Sacramento River, there are several large reservoir sites on the
Pit, a tributary of the Sacramento River, and quite a number of
smaller ones on the lesser tributaries, particularly to the upper Pit.
Some of these will be usefnl and necessary in the complete development
of the Sacramento River; however, the volume of water controlled is
muech too small to make them part of a comprehensive scheme of develop-
ment without the construction of a large reservoir on the main channel.
These smaller reservoirs will be usefnl prinecipally in development
of the 260,000 acres of irrigable land in the basiu of the upper Pit
River.
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CHAPTER II.

THE MAIN SACRAMENTO RIVER DRAINAGE BASIN.

Drainage area between Red Bluff and mouth of Feather River.

The Sacramento River, upstream from its confluenee with the
Feather, has a mountainous drainage area of 12,100 square miles. Of
this, the run-oft from 9258 square wmiles concentrates in the main chan-
nel upstream from the city of Red Bluff. The run-off from the other
2842 square miles enters the channel at intervals from a large number
of smaller streams along the entire length of 168 miles from Red Bluft
to the mouth ot the Keather River. Although thiese streams drain
areas extending into considerable altitude on the easterly side of the
Coast Range and the westerly slope of the Sierra, their descent to
plains level is steep and direct so that the run-off of cach is compara-
tively small and subject to large variation. Reservoir sites for conserv-
ing their waters are few and generally costly., The waters of these
streams ean be used most advantageously on foothill and plains areas
adjacent to their canyon mouths. Therefore, these streams do not enter
into a state-wide plan of development.

Drainage area upstream from Red Bluff.

The 9258 square miles of the Sacramento watershed whose run-oft
concentrates in the main river channel upstream from Red Bluft is the
part of great importance to a state-wide plan of conservation. Because
the 1run-off from this arca concentrates in the main channel before the
river debouches on the valley floor, physical conditions are favorable
for equalizing these waters in reservoirs and making them available
for use in large quantities.

The drainage basin upstream from Red Bluff is bounded on the west
by the Trinity Mountains, which rise to an elevation of 9000 feet on
the divide separating it from the Pacific slope of the Coast Range
Mountains. To the north the mountains separating this basin from
the Klamath River culminate in Mount Shasta, a peak having a crest
14,162 feet above sea level. To the east and south of Mount Shasta is
an extensive plateau varying from four to five thousand feet in eleva-
tion. This platean extends easterly to the Warner Mountains, near
the State’s border, that rise to elevations of 9000 feet or more.

With the exception of the plateau areas east and southeast of Mount
Shasta, practically the entire area is mountainons. The agricultural
lands are 350,000 acres scattered in parcels along the upper Pit River
and 490,000 acres of foothill and plains lands Iying in the vieinity of
the ecities of Redding and Red Bluff. In the latter area is located the
Anderson-Cottonwood Irrigation District of 31,400 aeres, in which
lies nearly all of the land now intensively farmed.

Elevations within the drainage basin vary from 300 feet near Red
Bluff to 14,162 feet at the top of Mount Shasta. One-half of the area
lies between the elevations of 2500 and 5000 feet above sea level as
shown by the following table:

= ||
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ELEVATION OF DRAINAGE AREA-—MAIN SACRAMENTO RIVER BASIN.
Upstream from Red Bluff.

. Y Drainage area
Elevation: in square miles
Below 2500 feet . ——
Between 2500 and 5000 feet ... .. .
Abave 3000 feet . o S

b e B e

Precipitation in the main Sacramento basin varies widely between
the monntainous area north of Redding, where the mean seasonal
rainfall ranges from 50 to 65 inches, and the plateau region east and
southeasterly from Mount Shasta. Ilere the mean seasonal rainfall
approximates 15 inches.

The principal streams are the upper Sacramento, Pit and MeCloud
rivers.  These, in draining the absorbent lava fmmatlons to the cast
and south of ;\[(mnt Shasta, ave distinguished from most other Cali-
fornia streams in havine a well-sustained swmmer flow.  The mean
flow for the month of Aunust is more than one-half of the mean rate
throughont the entire vear, whereas the state-wide average is only
one-quarter,

Water supply.

Knowledge of the run-off from this area is gained through gagings
that have been made at several points along the main channels by the
United States (feological Survey in cooperation with the State of Cali-
fornia. The station that has been maintained through the greater
period of time is near Red Bluff. It was established at Jelly’s Ferry
in 1895, but was moved eight miles dowustream to the lower end of
Tron Canyon in 1902. The records at these stations furnish data over
a period of 30 years, one of the longest continuous records of run-oft
in California.  The daily discharge at this and the several other
stations in this basin is published® in the Water Supply Papers of the
United States Geological Survey. The stations for which data are
available, their tributary drainage area and the period of record are

listed in the following table:

* The run-off computations of this volume employved data of the last several yvears
that are in preparation for publication, as well as the published tables of previous
years.

2—50667
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS IN THE
MAIN SACRAMENTO BASIN ABOVE RED BLUFF.

Stream

Upper Sacramento
_River

Main Sacramento |
RAYer. o v vmninaos |

Mazin Sacramento
River

Main S\cmmcuto

PR s i
Pit River
Pit River
Pt River..... oo comme s 4
Pit River. .

South Pork Pit River |
West Valley Creek. ..

Pine Creek..........
Ash Creek
Fall River

Hat Creck -
Hat Creck

HatOrelt - o .o
Rising River

Burney Creek. . .....

Burney Creek. .......

Burney Creek. ..., .. ‘
Kosk Creek
Montgomery Creek. . .|
Saquaw Creek

\lcClou(l River

Little Cow Creek
Beur Creck
North Fork Cotton-

wood Creek

North Fi r.- Cotton-
wood Creek. ... ... |
Moon Creek,.ooonnn

Station

.h'll.\‘ -
Red Blufi .

anby

Bicber. ...........

Forme. ..o

Fall River Mills.. ..

Pecks Bridge. .
Lindsay Flat. ...
Henderson or BW

Adin, ... .
Fall River Mills. . .
Glenburn... .

DR oy st <5 -
Hawkins Ranch. ...
Wileox Hanch. .
Hat Creek.........
Hat Creek. .. i oo

Burney (above). ...

Burney (neer)

Burney (below falls) .

Henderson. .

Mnutzomcr\ Cre Pal
PO s b it

Gregory. . .
Baird. . ...
Shasta
Millvil
Millville.
Palo Cedi
Millville

Ono (at).

Ono. v .

.| 6 miles above town of Hat Croek. ..
1.

Lovation

15 mile below Castle Creck

200 feet abiove Gregory Croek, ..

Ouvpesife town of Kennett

12 miler sbove Red Bluif

4 miles shove Red Bluff. ... ..., !

Abeve mouth of Ash Creek

4 miles above Harse Creck

Below mouth of Fall River at l‘dn
\.\ll A -

1 mile gbove Kesk Creek..........
il |Ium moath MeCloud River
sbove West Valley Creek,
Ahove junetion with South Ferk of
DRI n o Ssrs s ey e S
6 miles above mouth. .
14 mile above Adin. ... ... c..... ..
600 feel above manth

115 miles helow Tule River and 13
‘ ¢ east of Glenburn
2 mm=~ north of Dana.

12 miles southwest of Cas
st Creek

1 mile north Hs
11 miles scuthenst o
’ Creek and 5 miles helow the Big

SR x a s s iy e ary s AT
3 miles ahove mauth at highway

| Toriod ¢

‘ Oct.

| Nov.

| Apr.

| Nev.

Sept.
Nov.

Jan.

Jan,

Jan.

Jan.
Apr.
Aug

July

.M’l
_\

May
Mar,

[ May

1910-Rept.

1910-Dec,
1919-Sept.

1925-Sept.

. 1825-June

. 1902-Sept,
e, 1903-Dee.
. 1694-Sept.
. I913-Aug.
- 1921-Sept.

Sept.

1010-Sept.
1910-Sept.
1904-Dec.

1004-Dec.
1918-Sept
1904-Dee.
1912-Aug.
1921-Oct.

1922-Sept.
1921-May

. 1911-Aug.
Aug. 1921-Fept.
Sept.

1910-July

1926-Sept.

|  bridgeatCarbon......cc.ov.e0 Mar. 1921-Sept.
13 mileabove mouth. ... .........[/Aug.
Mar. 1921-8ept.
300 fect below junction of two main

forks, 7 miles south of Burney .. | Oet. 1921-Nov.
3 miles above Goose Creel nnd 34

miie southwest of Burney. .. ... (Aug. 1311-Aug.

| Mar. 1021-Sept.
; mile below Burney Fulls and 10‘

“wiles north of Burney........... | Mar. 1921-Nov.
314 miles above month. ... .. Oct, 1910-Aug.
\qu vmmrv( reck past office. Aug. 1911-Aug.

3¢ mule suuthwest of Yd 'ﬂw-m Oect. 1911-Aug.

14 miles east of Gregury peat office. .| Mar. 1902-Tune

2 miles nbove mouth..,. ......... | Dee. 1910-Sept.

P'uozhriduc at Whiskytown .. Aug. 1911-Sept.

3{ mile above mouth. . 1 Aug. 1911-Mar.

’/( mile above meuth, ... .0 Aug. 1911-Jan.

} 14 mile enst of Pato Cedro......... | Aug. 1911-Jun.

| 5 milesabove mouth, ............. Aug. 1911-Mar.
At Forestor dam site, 4 niles north-

WEEb ePONS. .- - - aen susens Feb, 1910-Dec.

| 1 mile above Bagls Croek, . ... ... Oct. 1907-Der.

4 miles nurthwes! of Ony Feb. 1019-Dee.

. 1924
- 1026

. 1014

{ischarge

1922

1911
1926/

1926
1902 |

1926

1905
1908
1914
1926

1026

1926
1924
1905

1905
1926
1905
1913
1922

1922
1926
1913
1922
1917 }

1920
1922
1922
1022

1013}
1922/

1922
1916
1913
1913
1908
1926
1913
1914
1914
1014
1014

1919

1013
1918

Drainage
area in
siuare

miles

The total

the records of the Red Bluff and Jelly’s Ferry gaging stations.
seasonal run-off obtained from these records was projected into the

previous years by comparison of rainfall data.

run-off from the main Sacramento basin is furnished by

The

By this method values

of the mean seasonal run-off were estimated for the twenty-four years

prior
gaging station.

to the establishmient of the United States Geological Snrvey
This work is deseribed in Chapter IV, Bul. No. 5,
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“Flow in California Streams.””  The results of the computations are
tabulated on p. 191 of Bulletin No. 5 and are repeated iu the following
table with extensions through the year 1925, The ficures entered in
the column “‘Estimated values in acre-feet™ are the values without
storage or use of water for irrigation on the lands upstream from
Red Bluff. They are larger than the entries in the column ** Values
measured at gaging station near Red Bluff in acre-feet’” by the esti-

mated net amount of upstream diversions for that season.

SEASONAL RUN-OFF—MAIN SACRAMENTO DRAINAGE BASIN.
Drainage Area, 9258 Square Miles.

Seasonal run-off

Seasun i Values
(Oct. 1 to Sept. 30) Id)en“:\ m‘| Acre-fect Fstimated mensured at
;‘:; i‘: per values in ging station
tachar square mile acre-feet near Reid Bluff
| inacre-feet
{
20,7 1,102 16,200000 |, ....i..,
9.7 516 4,780,000 |.........
148 788 7,300,000 !
8.9 174 | 4,360,
29.3 1,566 J
20.0 56 9,870,000
36,1 92; 17,800,000
17.0 8,380,000
25.0 324 12,300,000
31.2 1,663 15400000 |... ... .........
16.2 854 8,000,000 |........ .......
13.5 720 6670000 [................
23.0 | 1,231 e
131 698 6,460,000
29.2 1,555 HL400.000 | ..., .. cnsmnes
13.5 720 6,670,000 | . ... ... ...
11.0 587 BASI000 |. .. .enmiminse
21,5 I 1,145 10600000 | ... ... . ... ...
46.0 45 22700000 | ... . ........ ..
13.1 | i 6,460,000
K7 | TG0 Jio U e g
25.2 12,409,000
17 &,G40.000
25.0 12,300,000 347,060
23.0 11,343,200 11,170,400
21.0 10,391,400 10,216,500
10.4 P 3,800 | 4,939 300
12.1 177400 | 5.7499,200
17.6 712,500 8,532 560
18.3 £.020,900 8 835,700
231 11,380,600 11,197,100
20.1 9,941,800 9,756,300
32.6 16,045,800 15,908,200
21.9 10,775,200 10,580,300
22.9 11,294,300 11,103,400
28.1 13,883,700 | 13,691,300
16.0 7921100 7,726,800
29.6 11,568,700 14,372 800
18.4 9,106,300 8,608,100
20.4 10,108,300 9,908,
13.3 6,577,800 6,369
14.3 7,049,100
22.7 13,737 900 a1,
25.5 1 100 12 347 400
21.6 10, 10,474 800
14.5 6,913,6
10.9
15,7
8.2
23.1 |
13.4
10.7 5,298,800
6.6 3,261,800
1924-25 16.3 5,028,800
Meun, 18711921, 50 years ........._ . . .. . .. | 20,1 9,929,000
Mean, 1871-1925, 54 years . ... ... ... 19.5

9,623,300 i

A Partial year, May 1 to September 30.
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The mean scasonal run-off from the main Sacramento basin
upstream from Red Bloff throngh the fifty-year period from 1871
to 1921 is 9,929.000 acre-feet. Including the four years following
1921, the mean is 9,623,000 acre-feet. The season of greatest run-off
was 1889-90 when 22,700,000 acre-feet are estimated to have passed
down the channel. The season of least run-off was 1923-24 when
the yield was only 3.262,000 acre-feet. The great variation
between these extremes is indicative of the need of a reservoir of
great capacity to hold water over from one season to another if any
large fraction of the mean seasonal run-off is to be made available
for use.

An examination of the detail records shows an even greater range
in the extreme valnes of the mean daily flow at the gaging station
during the period of record. The greatest value was on February 3,
1909, wlen the flow averaged 254,000 second-feet, the greatest flood
of record on this stream. The highest rate on this day was 278,000
second-feet. The least mean daily flow occurred in August, 1924,
with a value of 2810 second-feet.

As disclosed by thirty years of measurement, the seasonal run-oft
is distributed throngh the months of the year as shown in the follow-
ing table:

DISTRIBUTION OF SEASONAL RUN-OFF BETWEEN MONTHS OF YEAR
MAIN SACRAMENTO DRAINAGE BASIN.
Upstream from Red Bluff.

1895-1925.

g I('m-offin‘_

Average run-u per cent of

Month in acre-feet mean

seasonal
RN o s < Sy 5131073 5308 e b e O e R I 1,250,700 13.6
Ty e T SR 1,488,700 16.2
i 1,501,300 16.4
1,118,300 )2.2
........... 832,400 9.1
534,500 5.8
377,700 4.1
322 300 3.5
263,600 2.9
328,700 3.6
494,800 5.4
December. . B e S T B TR 663,600 7.2
] O ——————— e .2 o ST S SO 9,178,600 100.0
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Based on the stream gaging records of the United States (feological
Survey stations upstream from Red Bluff, the fifty-year mean seasonal
run-off from the several sections of the main Sacramento drainage
basin is estimated as follows:

MEAN SEASONAL RUN-OFF FROM DIVISIONS OF MAIN SACRAMENTO
DRAINAGE BASIN.

Mean seasonal run-off

Drainage 1n acre-feet
Division area in per square
square miles | In acre-feet mile of
drainage
area
Pit River Basin (Pit River upstream frem Bieber) . ... . .. ......... 3,086 753,000 244
Pit River Gorge {from Bieber to confluence with Sacramento) .. .. ... .. 2,287 3,483,000 1,523
Melloud Rawor . ... ... oo s e SRR 675 1,598,000 2.368
Sacramento River {upstream from confluence with the Pit) ... ... ... .. 335 1,448,000 2,706
Sacramento River (from mouth ot the Pit to Red Bluff). .. ... A 2,675 ‘ 2,647,000 0990
Totalsand average. .. . ........ ... .. .. ... .. ‘

9,258 l 9,029,000 1,072

The foregoing figures represent the run-off from the main Saera-
mento drainage basin unimpaired by diversions of any character.
Through the irrigation of a gross area, estimated in 1920 to be about.
127,000 acres in the Pit River basin, with some along Brrney and
Hat creeks, there are now net diversions approximating a couple
of hundred thousand acre-feet in the upper part of the basin. This
use is growing slowly and undoubtedly will expand ultimately to
the limits of available land and water supply. There are about
350,000 acres of agricultural land upon which water could be placed
to advantage if an economic¢ supply could be obtained. The mean
seasonal run-oft tributary to this land is 753,000 acre-feet.

It is estimated that, of the 350,000 acres of available agricultural
land, 260,000 ultimately may be brought under irrigation through
the construetion of eanals and reservoirs at kmown sites. The
remainder lies in positions or at elevations too high to be casily
watered from available supplies. The 260,000 acres that may be
irrigated within the horizon of future economies will require about
200,000 acre-feet aunually or seventy per cent of the mean seasonal
run-off from this part of the Sacramento drainage basin.

Run-oft from this area in any quantity, atter the 260,000 acres are
placed under irrigation, would reach the lower part of the basin only
in seasons of abundant run-off, when the lower basin would be well
supplied. It would be too irregular in character to equalize throngh
storage and so would have little value as a water supply. Believing
that the best interests of the State will be subserved by the full develop-
ment of the agricultural resources of the Pit River basin, the euntire
run-off from the tributary drainage area has been allotted to this use
in these investigations. All estimates of water supply available for
irrigation, power or other purposes in the Saerammento and San
Joaquin valleys have been made after deducting from the total run-
off of the main Sacramento basin the entire flow at the Bicber gaging
station, estimated at 753,000 acre-feet in the average yvear. The reser-
vation of this water provides for the future development of all the
agricultural land upstream from the Kennett reservoir in a position to
be irrigated.
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TABLE OF RESERVOIR SITES ON MAIN SACRAMENTO RIVER.

Stream

HAorwrore HEVer. o v v nn vavsewsissos niwe moesis
\vr«m PR ke sy I oy e e e
ramento River. . v
ACTAMMN ml\n(r, =
Elder Creek
TEol BaBk Lok s worsiors ba or e recs ool
Northeast Fork of Cottonwood Creek
Northenst Fork of Cottonwood Cr
Hoever Creek

Cottonwood

Sacramento River. ... ..
Sacramento River. .
Sacrauento River. .
Haoramento River. .
Castle Creek. .. ....
Cuslle Creek.
MeCloud River. . .
McCloud River. .. ..
MeCloud River

MoClontIverte, . o b s Al

MeClotdh RIVT. .« c.vuen v o o - oo e mmie as Siniean {

Moot RIRE S L oai i i b
Tributary North Ferk Pit River. ..
North Fork Pit River. .. . INEL
Tributsry North Fork I'it River.. ...
Shields Creek
North Fork Pit River.
Between Pine and Parker Creols
Sopth Fork Prtiilieer. .. .. - coonaamimaents s -

Near:South Troek i River .. .. ... ob oo ilonn i vnd

Name of reseryoir site of dam Halplit Capaeity
ee. T, R of dam of reservoir
M. D, B. & M. in feet in ncre-feet
Teen CIRSONE ey e mpsn s sm s 2 0,258 152.8 1,121,900
Keonebt.. . oooooineimnionin. ‘ 15 6,644 420
Keswick 17 6,690 255
Coram. 29 6.660 300
17,1173 Vi e . 14 116 10 4
{7 R T S 16 14 165 21,100
Forester. . . . A BIN IW [iassa v W T4
Missalbeek®, 31 | 12 106 5,460
Hoover. ... .. 23\ ......... 20 1,900
Cottonwood, . ,.............. L11$~ 97 | 165 53,300
20° 4 213 31,800
18 208 128,000
33 186 32,900
Cuatle Lake .| 19 35 1.300
Lower Eche Lake. . ... i | 85 2,000
Upper Beho Lake . ., ... A | 230
()ld1 Bartle. ... 31 127 21,000
Upper Falla 7 87T | 20,600
Rinckle. . 15 200 22,500
Whittier, . 215 20,900 [
Squaw Valley. ,..........0c.c . 7' 240 365,000
Ellery. ... = 9 285 | 116,200
Crowder®..... 7 ‘ e 400
Joseph Crock . 36 ; 104 15,600
Round Mountain. 34 44N I13E 10 2,000
Plum Canyon®. 32 4N HE (LU0 24 180
BRI a5 @ evvensis coninnt s, 8 42N 13E 193 44 12,400
TIBEFI®:w mardeten s et (0 saN mE 114 28 12,500
LR | DN ———— 11 39N ME 41 62 110,000
FIoueney®. covvneoeiirnn (39) 40N 3B |.......... 10 230
(154 |

| Dimensions fer muximum size

Loention

[

Cubic yarids
of muterinl
in dam

Type of dam

838,730
763,000

| Grravity-concrete
| Lurth-fill

vity-concrete
y-conerele
onerete

15 2 83 (}UU

Gravity-conerete 77,700
Rock-fill 24,8[)0
Pavth=flll i g nn
Rock-fill 42,000
Gravity-concrete 120,200
Conerete-arch. 130,300
Gravity-concrete 1,121,200
Gravity-conerete ‘ 211,700
Eurth-fill 85,300
Rock-fill 222,000
R ill 42,000
05

Rock-fill
Rock-fill
Gravity-concrete
Gravity-concrete
Gravity-conerete
Gravity-toncrete
Tarth-fill
Rock-fill
Earth-fill
Eurth-fill
Gravity-concrete
Earth-fill
Earth-fill
Yarth-fill

219,000
41,000

Cubic yards
of material
in dum
ver aere-foot
of atoruee

i ce

®x 1
[

GG

TLVAL

) O STOHNOSAY Ml

7
i

'VINHOAITY
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South Fork Pit River
South Fork Pit River
Crools Canyon. . . .

Crocks Canyon. .

LTt ac T SRR ¢ T = MR P N |

Ratleshake Cresk. ..
dbtlesnuke Creel. . .

Tributary te Ruttleangke Creek. ... .. .. G s

Tdgrant Creck. . ...
Noar Pit River. .. ...

Howard Gulol
Howard Gulol.

Bt Ravets .o
PrtRiver:. .o

Ashy Creske.

LT L (— ]

Unnamed . . ..
Pit River. ,

Harse Creck
Pit River
Hut Crow

Pit River.
Saquuw Cro
Sojuuw Creek:.

.| Pit River No.

| Mok s e e ey

Kane®. ...

W illiama®. ..
Dunean No. 1%
Stone Coal Valley
Mead Flat*, ...
Antplrpe Flat®.

cr Rolierts.
Old Rotwrts.

Ash Valloy.  .uviss s isiamend (3D

Homer C. Jack. ..., oviennnn. {93

Drr ke, i vervasiwnsraiih
Big Valley. . §
Dixie Vallo
Fall River.
Big Springs
Lake Logan. .
Tumarack

Winni Bulli. .

Cable* 28 40N

Nelson®. 2¢ 38N

Graven ... 23 40N

Crooks Canyon.......ocevney | 32 40N

Potter and Carpenter. . ....... ‘\ gl 40N

| Government Corral®. ......... (gf—’ 1 45N

BIEBOO®. 5 i dhoont bl "7 48N
k:?'.!‘

Bir Dobe, north and south® Zt}I,\ UN
127,

Emigrant Creek®. . ooon . on-ne 31 4N

911 %

Kelley or Gretner........ocv0t “i} } 43N

({6 41N

Partuiges PIAEY: « sodu s v abnnnfy T 41N

h |7 41N

Mury Elvory. . ... 1 41

Hlasax®. ., Lo )
White* 2

g

Ton T te

N

120
420
840

11,700 |

1,800

50

77,000
0,500

3,900
Bl

250
1,400

1.600
5,100
150
1,400
1500
1,590
117,000
870

H30
4,000
414,500
3,000
4,200
1,300,000
160,100
1,200,000
48,300
7,300
51,000
67,500
25,500
34,600

|
>
|

Earth-fill
Earth-fill
Farth-6ll
Earth-fill

Barth-fill

Earth-fill

Liarth-Al
Earth-fill

Farth-fill
Earth-fill

Earth-fill

Eurth-fill

Eurth-fll
thi-fil
Surth-All
Earth-fill
Farth-fill
I* artli-fill
vily-concrete
r arth-iill
Barth-fill
Hurth-fill
CGravity-eancrede

Earth-fill
Harth-fill

Gravity-conerete
Roek fill
Ruck-fill
Gravity-vonerete
Rock-fil
Barth-fill
Gravily-concrete
Gravity-conerete
Gravity-conerete

27,000 ¢

118 000

252,000 |

41,000

11,000
20,000

18,000

27,000}
135,000
7,000

104,000

9,000
41,000
95,500

3,000

10,000
17,000
130,600

22,000

148,000
33,000
153,000
88,000
570,000
300,000

-
STIv W

ry

WS+ 63 2 -

*Heservoir constrieted
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I
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Reservoir sites.

Prior to 1921, the only reservoir site in the Sacramento River
(fanyon that had been given serions consideration was that at Iron
(fanyon near Red Bluft. Although this site is favorably situated to
equalize the run-off of the Sacramento River, its capaecity is insuffi-
cient for the purpose.

Other sites exist on the Pit River capable of being developed to
large capacity at reasonable costs but, being located on a tributary,
have only a small fraction of the run-off of the main Sacramento
basin passing their dam sites. The water that does reach these sites
will be reduced by the future growth in demand for irrigation water
in the Pit River basin.

The 1921-23 Water Resources lnvestigations made a reconnois-
sance survey in the Sacramento River Canyon from Redding to
the mouth of the PPit River, a distance of 18 miles, in search of possible
reservolr sites at a low elevation with capacity large enough to equal-
ize the major portion of the run-off from the tributary drainage
area. Three sites were found, the Keswick, Coram and Kennett,
named from the towns in whose proximity the dam sites are located.
Preliminary cost estimates revealed that storage could be constructed
at the Kennett site with less cost than at either of the other two, both
of which overlap the more favorable Kennett site. The Keswick
site ean be utilized in conjunetion with the Kennett reservoir, as an
afterbay to reregulate the discharge of the power turbines at the
Kennett dam for irrigation use. The discharge from these turbines
will fluctuate with the variation in power demand through the day
and will need smoothing out before beine furned loose in the river
channel.

The foregoing f{able sets forth the salient information ecollected
concerning reservoir sites in the main Sacramento River drainage
basin, This information has been collected from varions soureces.
It is presented without relation to the feasibility of the individual
sites.  Its accuracy is not known. [t was assembled and used only for
preliminary considerations in formulating the ‘‘Coordinated Plan’
of development.
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CHAPTER III.

KENNETT RESERVOIR SITE.

General.

The Kennett reservoir would be ereated by a dam across the canyon
of the Sacramento River in section 15, township 33 north, range 5
west, M. D. B. and M., abont 5 miles below the confluence with the
Pit and 13 miles upstream from the city of Redding. A dam at
this point would back the river up the upper Sacramento, the Pit,
the MeCloud, Squaw Creek and numerons canyons and gulches so
that, although the reservoir is comparatively narrow, it would have
a large capacity.

The site is naturally favorable for a high dam. Massive spurs
converge from the mountain ranges on either side of the canyon to
form a dam site for one of the most promising reservoirs in the entire
State. A topographic survey of the dam site, made in 1924, discloses
that the width of the stream channel at this point is only 150 feet.
The canyon walls on either side rise on an average of 33 feet per
100 feet of distance. At a height of 610 feet above Tow water in the
river, the canyon width is 3600 feet and the reservoir capacity is
10,000,000 acre-feet.

Were it not that the main line of the Southern Pacific Railroad,
several miles of state highway, and improvements serving adjacent
mines, traverse the reservoir site, it wonld yield stored water at a
very low cost. The expense of flooding improvements constitutes {rom
31 to 64 per cent of the estimated construction cost of the reservoir,
according 1o the hieight of dam considered.

Although the expense of relocating the Southern Pacific Railroad
and state highway is large, these properties could funection just as
advantageously in other locations. There is no agricultural land
within the reservoir site and for the most part the rather steep slopes
have a value for grazing purposes only.

The Kennett dam site has tribntary to it 72 per cent of the drainage
area of the main Saeramento basin upstream from Red Bluff. The
average scasonal run-off is 1100 acre-feet per square mile, a very
excellent vield. Two of the tributary streams, the upper Sacramento
and MeCloud, that drain the slopes of Mount Shasta, have a run-off
in relation to the size of their drainage areas that is exceeded in Cali-
tornia only by a few of the smaller streams in the north Pacific
Coast region. The average seasonal run-off of the Sacramento
River above the confluence with the Pit is equivalent to 49 inches
of depth on its drainage area and that of the MeCloud River is
equivalent to 45 inches. The average depth of seasonal run-oft on
the drainage arveas of these two streams is approximately double
that of any of the other tributaries npstream from the mouth of the
Feather River.

Reservoir capacity.

A preliminary survey of the Kennett reservoir site was completed
in 1924 to the 1200-foot contour, which is 615 feet above low water in
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the river at the dam site. The 1200-foot contour extends 33 miles
up the main channel of the Sacramento River and 35 miles up the
Pit.  The surface area of a reservoir at this elevation would be
54,400 acres, which is unusually small for its large storage capacity.
At this elevation there are 194 acre-feet capacity for each acre of
water surface. This is more than double the capacity per acre of
exposed water surface of many reservoir sites in California and there
are few that exceed it. This relatively small area exposed to evapora-
tion makes the Kennett reservoir an ideal site for over-year storage.

A working map was plotted from the preliminary surveys on a
scale of 1 inch equals 1000 feet, showing contour intervals of 25 feet.
The arca and capacity of the reservoir at the several heights of dam
were planimetered from this map and found to be as follows (see
Plate C for Area-Capaecity Curves):

CAPACITY OF KENNETT RESERVOIR.

Height of dam in feet Water surface clevation Area of water surface [ Capacity of reservoir

(5 feet frechoard) of reservoir in feet in acres | in acre-feet
100 l 630 500 30,000

120 700 52,000

140 | 720 | 82,000

160 740 124,000

180 760 181,000

200 780 257,000

290 800 353,000

240 820 ‘ 471,000

260 840 618,000

Y 280 860 ‘ 785,000
300 \ 880 ‘ 083,000

320 900 370 1,209,000

310 420 14,150 1,476,000

360 [ 040 \ 16,110 1,774,000

380 \ 060 18.230 [ 2,122,000

400 | 980 ‘ 20,500 2,510,000

420 1,000 23,030 2,840,000

440 1,020 ! 25,810 ) 3430000

460 1,040 28,700 3.980,000

480 1.060 ‘ 31,650 4578,000

500 1,080 ‘ 34,700 5,242,000

520 1,100 ‘ 37,820 [ 5,967,000

340 1,120 10,920 ‘ 6,759,000

360 1,140 44,080 7,600,000

380 1,160 47,390 | 8,516,000

600 1,180 50.800 0,501,000

620 1,200 54430 | 10,555,000

Water supply.

The drainage area upstream from the Kennett dam site is 6649
square miles, 2609 square miles less than that tributary to the Red
Bluft gaging station of the United States Geological Snrvey. Although
a gaging station is now established near the town of Kennett a few
miles above the dam site, there is only a single season’s measurcment
at this point. All water supply computations for the Kennett reservoir,
therefore, have hbeen based upon the records at the Red Bluff gaging
station.

Estimates of the ruu-off of the sepavate tribntaries to the main
Sacramento basin have been published in Bulletin No. 5, ‘“Flow in
(‘alifornia Streams,”’ pages 179 to 191. Applying these data, it is
found that there is a mean seasonal run-off (50-year mean) of 2,536,-
000 acre-feet on the 2609 square miles of drainage area between the
Kennett dam site and the Red Bluff gaging station. This is dis-
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tributed between the several streams as set forth in the following
table :

RUN-OFF FROM AREA BETWEEN RED BLUFF GAGING STATION AND
KENNETT DAM SITE.

Drainsge | Meun seasonal

| area run-ol n

Stream ‘ in square acre-feet
miles (50-year mean)
CRBETRWORA GTBBE. £ . . . .. 1 o nsin s s P50 s 050 o st s LS e oy Sk | 937 913,000
{807 " 3y -1 S A S S S s e ord p 251 295,000
Churn Crgal GO« .- oo v v i a5 osioss o0 wis 5 oo oronsse 84 Aidosrosscasasa : 100 83,000
(010000 TS LN s, s T T (e P L o vy 444 510,000
)T BT R SR T PRRY 1 IR SR s (§ S e e 137 101,000
BARIECRRRT o fr oo o e e RS e R e NS Rt & 34 28,000
e e o T RS D O R D e R D S ) L 80 814,000
BabtleCreek . ... . oioris o s ommimemmsmsrmaes SO e 367 422,000
Backbone Creek Group (partial). ... .. ... ... hen 113 97,000
DI TEB ORI s & om0 b D e i o P i e o RS R T8 & 146 0

|

IR v Ao Masimapwiiuretid I s s Whiin # 2,609 2,536,000

The mean seasonal run-off (50-year mean) at Red Bluff, unim-
paired by upstream diversions, is 9,929,000 acre-feet. Subtracting the
run-off from the area between Red Bluft and the dam site, the unim-
paired mean scasonal run-off (50-year mean) at the Kennett dam
site is found to be 7,393,000 acre-feet. This is 74 per cent of the
run-off at the Red Bluff gaging station. This factor was used in
estimating the monthly and seasonal run-off values at Kenunett from
the corresponding values at Red Bluff during the period of measure-
ment. The estimates prior to 1895, the year of establishing the Red
Bluff gaging station, were made by subtracting from the estimated
values at Red Bluff, tabulated on page 19, the monthly and seasonal
values for the 2609 square miles of drainage area between the gaging
station and the Kennett dam site. The monthly and seasonal values
for this area were taken from the esfimates for the partial arcas in
the main Sacramento drainage basin published in Bulletin No. 5.#

The entire flow so estimated, with the exeeption of the water diverted
for agricultural use in the Pit River basin, would be available for
generating power at the Kennett dam site. However, due to prior
rights established for agricultural use downsfream from the Kennett
reservoir site, only part ot this water is available for new agrieultural
development.

In 1920 there were 127,000 acres under irrigation on the upper Pit
River. This area is expanding from year to year and will eventually
require practically the entire flow of the stream. In order to allow for
the full development of the agricultural lands upstream from the
Kennett reservoir site, the entire run-off of the Pit River basin, as
measured at the Bieber gaging station of the United States Geologieal
Survey, was dedueted from the unimpaired run-off at the Iennett
dawm site to obtain the water available in the future for both power and
irvigation development.

The seasonal run-oft ai Bieber was computed by developing a run-
off eurve from the several seasons’ record of gagings, following the

* Pages 182 to 191, Bul. No. i, “Flow in California Streams,” Division of ¥ngineer-
ing and Irrigation, State Departmeni of Public Works.
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methods desevibed in Chapter [V, Bulletin No. 5, ““Flow in California
Streams,’”’ and taking off the values for the seasons other than those
during which measurements were made by the use of the indices of
wetness for Precipitation Division A (p. 82, Bul. No. 5). The unim-
paired mean seasonal run-off (50-year mean) so obtained is 753,000
acre-feet. Therelore, the mean seasonal run-off at the Kennett dam site
available for generating power is 6,640,000 acre-feet.

1t is difficult to estimate the prior rights to water passing the Kennett
dam site, sinee these rights have never been adjndicated. However,
for the purpose of this investigation, it was assummed that the entire
flow of the stream up to 5000 second-feet would be required between
Mareh Ist and October 31st in order {o satisfy the vights of users
downstream from the Kennett dam site.  One-fourth of this was
assumed to originate below the dam. On this basis, had these rights
been in existence during the 50-vear period, 1871 to 1921, and fullly
exereised, they would have required for their satisfaction from the
water passing the Kennett dam site an average of 1,737,000 acre-
feet per season. The niean seasonal run-off at Kennett available for
new agricultural development is, therefore, 4,903,000 acre-feet.

The following table sets forth these estimates by seasons, begiuning in
1871:
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SEASONAL RUN-OFF AVAILABLE FOR USE AT KENNETT DAM blTE.

Season
(Oet. 1 to Sept. 30)

1872-73.
1873-74. .
1874-75. . . _
1875-76. . ..
1876-77. . .
1877-78 . ..
1878-79. .
1879-80 . .
1880-81 -
1881-82. .
1882-83
1883-84
1884-85
1885-86.. .
1886-87 . .
1887-88........
1888-89
188990, . ... ............
1BMBBL. .. ..oovvveanan
1891-92 . .
1892-93 . .
1893-94 . . ..
1894-95. . .
1895-96. .
18496-97 . .
1897-08 . .
1898-08 . .
1899-00. .

mu2.)A......,.......ﬁ_,.,mﬂﬁ

Moesnn seasonal,

1871-1921, 50
e
Mean seasonal, 1871-1925, 51

SO s e .

Estimmtod seax

Sacrament
River at
[Cenmett
dam site

Pit River
ut Biebor

(unimpaired |

flow) ‘
L, =77

7.308,000 393,000

4,341,000 l F40.000

5,742,000 253,000 }

3,996,000 152,000 |

9.670.0(\0 ‘ 209,000

2,753,000
«Hl (00

9,009,000
11,103,000
6,431,000
5,373.000

1, 007.000 |
1,967,000
991,000 |
535,000
960,000

8. i()b 00
7.701.000
3, EH(\ 00(]

Bl

708 000

456,000

346,000 |
1,367,000

390,000

84 1 000

8 134,000
368,

lll /‘I‘J 000
6,749,000
7,191,000
4 873 Oﬂﬂ

17,000
2H7.000
180,000

L olnd -y

E 8323
5 Pl
(=)

7,303,000

7,164,000

wmal run-off in sere-feet

Available
for power
developmaent
at Kennert
dam site

Privr tights
downat
from Ko
dum site

6,915,000

i G16.000
8,367,000
4,720,000
4,305,000 ¢
6,840,000
3,323,000

lf) ORS00
6,403,

4,380,000
3.660.000
2,162,000
2,627,000

6,040,000

1,737,000

6,442,000 1,721,000

Mailuble at
Kennett dam
wite fer now
irrimition use

l‘v
3,011,000

’ 2.7 H 000

5.056.000

1.054.000

14,803,000

4,721,000

Water yield for irrigation.

Dne to the great irvegularify in the values ol s

sensonal run-oft

in

successive years, storage facllltw\ do not vield the same equalized flow

in all years or throu'vh all periods of years.

The foregoing tabulation

of the seasonal run-off available for new irrigation use ﬁ}l()\\\ a mini-

mum seasonal value of 894,000 acre-

e-feet for 1923-24 and a maximum
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value ol 11,539,000 acre-feet. in 1889-90, thirteen fimes larger than the
nmininm,

If it were proposed fo provide storage only for holding winter water
over for the following summer use, 894,000 acre-feet of reservoir
capacity would make the available run-off of the minimum year usable
for new irrigation supplies. Such a reservoir would deliver a perfect
supply through all seasons, but the average yield would be only about
20 per cent of the mean seasonal run-off available for new irrigation
supplies.  Bighty per cent of the available run-off would be wasted.

If it were desired to utilize in cach season the entire available run-off
of that season, the reservoir should be constructed to store the winter
water of the maximum season for use during the following summer.
This would require a capacity of 7,905,000 acre-feet, about nine times
larger than is necessary to cqualize the minimum scason. If such a
reservoir had been constructed in 1871 and emptied each season, it
would have been put to full nse only onee in the following 54 vears.
On the average only 50 per cent of its capacity would have been utilized,
and the yield in suceessive scasons would have varied 1300 per cent.
Obviously, it would be useless to develop such an irregular supply, for
there is no type of agrienlture that could survive its uncertainties. To
obfain practical results in the use of mueh more than the minimum
seasonal run-off, it is necessary to store water over from one season to
another. The extent to which this should be done to seenre a
reasonably uniform draft from the reservoir requires an extended
investigation.

Analyses of the yield of the Kennett reservoir, operating primarily
for irrigation, were made for five heights of dam. The irrigation
draft was determined for cach height that eould be sustained through
the 54-year period of run-off estimates with a deficiency in supply not
oftener, on an average, than one year in ten. These analyses were made
by applying the assumed rate of draft to the 54 seasons of run-off
record and noting the progressive results. The application was made
month by month through the entire period, starting from a full reser-
voir at the elose of the year 1871, and using the estimated monthly
values of unimpaired run-off at the Kennett dam site reduced by the
flow of the Pit River at Bieber. The analyses were made both with
and without the deduction of estimated prior rights downstream from
the dam site.

The irrigation draft from the reservoir was assumed to be distributed
through the season in accordance with the desirable monthly irriga-
tion demand determined for the Sacramento Valley floor in previous
studies.® Tt is as follows:

* See p. (3, Bul. No. 6, “lrrigation Requirements of California T.ands,” Division of
Engineering and Irrigation, State Department of Public Works.
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DISTRIBUTION OF IRRIGATION DEMAND THROUGH THE SEASON.

Irrigation demand
in per cent of total
Month: sennonal use

DBRUDERE .. (o o s o e T e T T S [ S T 0
e e o LT e L Jol e 0 ]
N e e e, o i | O W ey R L o 1
A R e B e Ed § S e R T O !
May...... - PN b R R 6T E ot E AN RO § ) 16
DR, Daes s rsmmmseario: o oo s RN TR T e s RS s TR RS 20
July. .. SR R R 4 4 S S e s oA R 22
T e B T vt S e < 20
A e eeRR e S e CRATTUR, ST i 40 12
G, o 2amns T Do T | R s 31 oyt % 4
November. B s N G S e R 0
IBIIDET, «.. ..o iisenromee Vi I ko s ez, oo PO oo 0
e e 8 S o i iy e ] £ e ——— = SR 100

The water in storage in the reservoir was reduced month by month
by the estimated evaporation trom the water surface. This was taken
at 3.5 feet net per anmun, distributed between the months from April
to December as in the following table. It was assumed that the gain
from precipitation on the reservoir surface from December to April
compensates the loss by evaporation during these months.

ESTIMATED NET EVAPORATION FROM KENNETT RESERVOIR.

Per cont of

Depth in
Month 54 seaspnal
fect | total
|
........................................................................ 0.32 9.2
.................................................................... 0.44 2.8
...................................................................... 0.52 15.0
................................................................. 0.62 17.8
................................................................. 0.58 16.6
............................................................... 0.45 12,7
.............................................................. 0.34 9.6
..................................................................... 0.23 6.5
.................................................................. 3.50 1 100.0

These computations show that a 420-foot dam would produce each
season 2,838,000 acre-feet of new water eqgualized for irrigcation use,
or 4,276,000 acre-feet, including prior-right water equalized to the
irrigation demand. 'The seasonal yields for five heights of dam are
shown in the following table, together with the average and maximum
amounts of their deficiencies. It may be noted that the magnitude of
the deficiencies in supply increases fov the larger reservoirs, although
the frequency with which they oceur averages one year in ten for all
heights of dam. The value of the maximum deficiency ranges from
50 to 81 per e¢ent for the three highest dams. Such deficiencies would
be disastrous if they occurred very often. However, reference to the
tables on pages 37 and 38 shows that these maximum deficiencies
occurred in 1924, a vear of 33 per cent normal run-off, terminating a
series of three years that averaged 51 per cent normal, a most unusual
occurrence. (See table, page 29.) The deficiencies in the year 1920
were also rather large, but the maximum deficiencies during the 48-year
period prior to 1920 ranged in the several computations from only
1 to 22 per cent.

If, in order to avoid the large deficiencies here shown in the yields
for the higher dams, a moderate it had been placed on the maximum
deficiency in supply when computing the yields for the several heights
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of dam compared, the high dams would have shown almost perfeet
siupply through the 48-year peviod prior to 1920 and would have
had only moderate deficiencies in 1924, Sueh supplies would  be
ineconomically perteet and snperior to the yields for the lower dams
which would have had a larger nunber of deficiencies approaching the
moderate limit during the same period.  Therefore, while the system
adopted for making the comparisons, of computing yields on the basis
of equal frequeney of deficiencies, does not produce exactly comparable
results, it is believed that they are morve nearly ecomparable than would
have been obtained had a moderate limit been placed on the allowable
deficiency. To obtain exactly comparable results would have required
placing a different limit on the maximum deficieney in the computa-
tions of vield for each height of dam. This limit wonld have been
fixed by weighing the relative consequence of the magnitude and fre-
quency of the several deficiencies.  The labor involved in accom-
plishing this through a series of trial computfations was judged to
be greater than was warranted by the small difference that it would
Lhave made in the results.

SEASONAL IRRIGATION YIELD—KENNETT RESERVOIR.
Operating primarily for irrigation.
Deficiency in Supply on Average of One Year in Ten.

Without de.fuction for prior rights With deducticn for prior rights
Height of dam | | | |
in feet Deficiency in per eent Deficieney in per cent
(5 feet ‘ Irrigation yiald | Trrigation yield s
freehoard) | in acre-feet | in arre-feet |
per season Average of Maximum per season |  Average of ‘ Maximam
all seasons seasan all seazons aeason
220 1,468,009 0.6 18 406,000 0.7 26
320 2,559,000 0.6 16 1,418,000 0.9 38
420 4,276,000 16 50 2,828,000 28 | 8
520 5.186,000 2 8 61 3,858,000 [ 3.6 ‘ 77
620 6,372,000 32 66 4,686,000 4.1 | 81

It is interesting to observe the part of the seasonal irrigation yield
that is supplied from stored water. This varies for the several heights
of dam and from season to season for the same height. For the 420-foot
dam without deduction for prior rights 50 per cent of the average
vield is water taken from storage, and with deduction for prior rights
71 per cent of the average yield is taken from storage. The remainder
is supplied direet from the flow in the stream. The average use of the
reservoir space each season is 74 and 68 per cent, respectively. The
following table presents these figures fov all heights of dam:
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The foregoing computations of seasonal irrvieation yield of the
Kennett reservoir are based on shortages oceurring on an average of
one year i fen. Past experience has demonstrafed that farmiug
enterprises, particnlarly in the developmental stage, can better survive
occasional deficiencies in their water supply than to accept the burden
of paying for deliveries perfect in the regularity of their full volumne.®
Extended studies were made to ascertain the variance in volume of
vield with different average frequencies of deficiency.

The irrigation yield from the Ilennett reservoir, when operating
primarily for this purpose, would inerease as much as G0 per cent
over a perfect supply according to the amount and frequency of
deficiencies that might be endured. From these studies it was con-
chided that, for practical purposes, an irrigation supply having
deficiencies on an average not oftener than one year in ten would be
the economie type of supply to provide during the developmental period
in northern California. In later years, after the heavy initial constrne-
tion costs have been paid off, greater regularity in supply could be
obtaiied if desived by enlarging the reservoir. The selection of a
draft with deficiencies in supply on an average ol one vear in ten
inereases the arca of service from a reservoir of given size from 22
to 43 per cent over that for a draft that would carry through the driest
vear without a shortage.

The following table sets forth the area of service (net) from a 420-
foot dam for several average freguencies of deficiency in supply
based upon a net consumptive use of 2.5 acre-feet per acre. It may
be observed that, it a deficieney in supply is sustained on an average of
one year in ften, 34 per cent greater area may be served with an equal-
ized irrigation supply inelusive of prior rights and 43 per cent greater
area exclusive of prior rights, and that the average deficiency in
seasonal supply would be small, although deficiencies as large as 50
and 69 per eent, respeetively, would have to be endured at long inter-
vals. The magnitudes of all the deficiencies, had the reservoir been in
operation from 1871 to 1925, are tabulated in the tables on pages 37 and
38. Reference to these tables shows that the largest deficiency during
the 49-year period, 1871--1920, while operating with a deficiency in yield
on the average of one year in ten, was 4 per cent without deduetion
for prior rights and 15 per cent with deduction for prior rights. The
vears 1920 and 1924 brought deficiencies in yield of 27 and 50 per
cent, respeetively, without deduction Tor prior rights, and 41 and 69 per
cent, respectively, with deduetion for prior rights. They are the only
serious shortages during the entive 54 vears of test. Although these
deficiencies are large and would sertously impair agriculttnral produe-
tion dunring the season in which they oceur, they would not infliet
permanent damage.  An inspection of the table of seasonal run-off
available for use at the IKenneff dam site on page 29 1s convincing
that it wonld be nmneconomical at this time to construct over-year
storage in order to obtain a tull snpply i such seasons. The shortages
in supply, although large, must be endnred in this type of season
because the records disclose that they occur too infrequently, only
twice in the 54 vears, to warrant large expenditnres for reservoir space

__* See p. 73, Bul, No. §, “Irrigation Requirements of California Lands,” Division of
Engineering and Irrigation, State Department of Public Works.

DEVELOPMENT OI" UPPER SACRAMENTO RIVER.

that would be so seldom used.  The cost of additional storage space
in the Kennett reservoir that wonld be sufficiently large to hold over
Hood waters from previous years of plenteous run-off in amounts that
would turnish a perfect supply in the lean years of 1920 and 1924,
under present conditions, would exceed the benefit aceruing to agricul-
tural production in having the full irrigation supply during these
seasons.

AREA OF IRRIGATION SERVICE FROM KENNETT RESERVOIR.
420-Foot Dam.
With Varying Average Frequency of Deficiency in Supply.

‘ Without deduction for prior rights | Wilh deduetion for prior rights
Average | | v ;
frequency of i Deficieney in seasonal reain | Deficiency in sensonal
deficiency in A iy er cent | supply, in per cent Kresif P cent supply, in per cent
supply in period el of service | e Fenity ols
1871-1025 i t; with no | oot ]
| L deficiency | Averageof | Maximum / leficiency
insupply | & year insupply
No deficieney. . . . 100 0 0 794,000 100
1 year in 50 years 114 0.4 | 24 831,000 112
1 vear in 23 years 131 1.3 49 1,027.000 129
1 year in 10 years 134 | 1.6 ! 50 1,133,000 143
1 yearin 5 years 143 3.t 33 1,289,000 | 162
|

The data concerning the varying yvield for different frequencies of
deficient supply are so interesting that they arve given complete in the
following tables. First, the irrigation yield in acre-feet per season is
given for several average frequencies of deficiency and heights of dam,
both with and without dedunctions for estimated prior rights. The
second table gives the net area in acres that conld be irrigated under
the same conditions of supply. These arcas were computed on a duty
of 2.5 acre-feet per acre per season, which includes the fnll use of
return waters,  Actual deliveries over much of the arca would exceed
this amount. The third table expresses the irrigation yield for the
several average frequencies of deficiency in per cent of that having a
deficiency on an average of one vear in ten. The fourth and fitth tables
set forth the amount of the deficiencies under the several different con-
ditions and the years in which they would have occurred. In reviewing
the latter tables, it will be noticed that the amounts of the deficiencies
for a specifiec frequency vary considerably in the several computations
for different heights of dam. In general, they tend to increase with the
size of the reservoir. [Limitations on the amounts of the deficiencies
as well as their frequency should be ineluded for a complete definition
of the quality of a supply. The comparison of supplies in these tables
is based ouly upon equal average frequency of deficiencies without
regard to their amount because of the difficulty of ineluding two
eriteria in the computations. A few minor inconsistencies in the tables
may be explained by this omission.
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TIRRIGATION YIELD-——KENNETT RESERVOIR.
ACRE-FEET PER SEASON.
Operating Primarily for Irrigation.

Avernee frequen

cy of deficiency

in supply during peried 1871-1925

No deficieney. . . ..
1 year in 50 years
1 yearin 25y
1 year in 10 y
1 yearin 5 years

No deficieney. ... ... o vt AT ER e |

Height of dam in feet (5 feet frechoard)

1

220

4,411.000
4,915,000
5,154,000
5,486,000
5,878,000

2,662,000
3,208,000
3,621,000
3,858,000

220 l 329 420 {
‘ Without Deduction for Prior Rights.

............... 1.166,000 2,102,000 ! 3,196,000
1,322,000 2,404,000 3,658,000

1,374,000 2,441,000 4,181,000 |
1,468,000 | 4,276,000
.............. 1,598,000 4,570,000

With Deduction for Prior Rights.

1,115,000 § 1,986,000 |
il 1,329, 2,227,000
N 1,381,000 2,567,000
1,418,000 | 2,838,000

497,000

1,513,000 \

3,222,000 \

4,191,000 \

AREA OF IRRIGATION SERVICE—KENNETT RESERVOIR.

IN ACRES.
Operating Primarily for Irrigation.

_ Average frequency of deficiency
in supply during period 1871-1925

No deficiency
1 year in
1 year in 25
1 year in 10 vears
1 year in 5 years.

No deficiency
1 year in 50 y
I yesrin 25 years
1 year in 10 year

1 year in 5 years

|

Height of dam in feet (5 fect freehoard)

466,000
529,000

550,000 |
587,000 |

639,000

137,000
172,000
177,000
186,000
199,000

320 (

420 ‘

520

Without Deduction for Prior Rights.

841,000 1,278,000 1,764,000
962,000 1,463,000 56,000
976,000 1,672,000 f
1,024,000 | 1,710,000 | 2,194,000
1,089,000 | 1.828,000 | 2,351,000
With Deduction for Prior Rights.
446,000 | 794,000 1,185,000
532,000 891,000 | 1,319,000
552,000 1,027,000 | 1,408,000
367,000 | 1,135,000 1,513,000
605,000 | 1,289,000 1,676,000

1,425,000
1,571,000
1,598,000
1.874,000
1,998,000

IRRIGATION YIELD-KENNETT RESERVOIR—IN PER CENT OF YIELD
WITH DEFICIENCY IN SUPPLY ON AVERAGE OF ONE YEAR IN TEN.

Operating Primarily for Irrigation.

Average frequen
in supply during

cy of deficiency
period 1871-1925

0 years.
vear in 25 years.
year in 10
in i

1 year in 5 ycars.

1 year in 10 years. . ..

|

Mo daBolonns. . . . o vussob dosatin. ‘
1 vaazin: 50

Height of dsm in feet (5 feet frenboard)

]
@
OO

320

420

‘ 520

Without Deduction for Prior Rights.

82.1 74.7 80.4

093.9 85.8 8.6

95.3 97.8 94.0
100.0 100.0 100.0
106.3 | 106.9 107.2
With Deduction for Prior Rights.

78.7 | 70.0 76.8
93.8 78.5 85.5
97.4 90.5 91.3
100.0 100.0 100.0
106.7 113.6 %

620

@
=3
0D T~

@
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AMOUNT AND YEAR OF DEFICIENCY IN SEASONAL IRRIGATION YIELD

KENNETT RESERVOIR.

DURING PERIOD 1871-1925.
Without Deduction for Prior Rights.

Operating Primarily for Irrigation, with Yields Shown in Tables on Page 36.

|

Frequency of deficiency in supply

Height of

dam ln Fest 1 year in 50 years 1 year in 25 years 1 year in 10 years 1 year in 5 years
(5 feet
freebeard) l Deficiency Deficiency I Deficiency . Deficieney
Year lin per centof| Year lin per centofl Year [in per centof| Year |in per cent of
| | full supply [ full supply ! full supply | tull supply
220 1924 | 11 ' 1875 ‘ 3 1888 1 1887 1
1924 14 1920 1 1018 2
1873 b 1885 2
1875 7 1925 4
‘ 1924 18 1923 6
‘ 1920 X
| 1888 /
| 1873 10
| 1875 13
| 1924 24
BYEIAEL.. <o ot )i annsas 4 RS (SRS | B0 L isienvan b4 7.6
|
320 1924 11 1875 1 1923 2 1
1924 12 1873 3 2
| 1920 4 2
1875 5 5
1924 16 5
1023 7
‘ 1873 8
| 1920 ']
\ | 187 10
| 1924 2
Average. . .... e 11 e | 6.5 ‘ AAAAAAAAA 6 7
| | [
420 1924 24 1920 23 1898 2 1922 1
1924 493 1899 -4 1873 4
1923 4 1838 6
1920 27 1899 10
1924 50 1918 10
1875 12
1898 14
1923 20
1920 37
‘ 1524 53
Average......|[ ........ 281 Lo st ‘ TR ey Ao 16.7
520 1024 42 1920 | 22 1875 10 1900 i
1024 58 1899 14 1808 3
1923 18 | 1925 a
1920 49 J 1919 8
| 1924 61 1918 18
[ | 1899 20
1875 34
1923 30
1020 i
1024 4
i T ST [ 12 | LIV I e 1D [ A 25
620 1924 61 1923 3 1925 11 1899 ]
1924 63 1922 13 1875 8
1920 42 1900 12
1923 43 1801 12
1924 66 1888 14
‘ 1925 16
1923 20
‘ 1923 45
1520 58
1924 68
AVEPDRE. i | » o2 mizuinns (% NN P RN | S ey o P S 25.8
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KENNETT RESERVOIR.
AMOUNT AND YEAR OF DEFICIENCY IN SEASONAL IRRIGATION YIELD
DURING PERIOD 1871-1925.

With Deduction for Prior Rights.
Operating Primarily for Irrigation, with Yields Shown in Tables on Page 36.

l Frequeney of deficiency in supply

Height of 1 yeur in 50 years 1 year in 235 years 1 year in 10 years 1 year in 5 years
dam in foet l : S
(B oue! i 1 Deficiency Deficiency
freeboard) Deficiency . \ Deficiency . . oA T Mg i 8
¢ i per cent of  Year linper centof| Year |in per cent of en per
= ﬂ{)ﬁ supply full supply | full supply full supply
} : 3 1888 2
22() | 024 2 192 3 1901 1
i & * {4 22 1923 1 1887 2
1873 4 1918 3
1920 ot 1919 3
1924 | 26 1875 4
1001 5
1923 | 6
1873 8
1920 12
1924 31
Average I R o bt ma et ] s 6
e e pu| [ B ==t A e s s |-
3 92 3 921 4 | 1873 1 1899 1
1 e 0 | 1924 3% | 1018 1 1887 i
‘ [ 1023 2 1901 2
1920 8 1875 4
‘ ‘ 1024 38 1898 6
1873 6
1918 7
1923 8
' \ 1920 19
‘ | 1024 12
L. Ul 51 | IR ( .
Avernge ... goe ] oe i 20 l ....... 0 ‘ ........ 06
1920 25 1898 12 1873 2
= e 20 1924 52 | 1923 14 1922
1899 15 1888 1
| 1920 a1 1875 16
1924 69 1918 23
1899 25
1898 33
\ 1923 ‘ 37
1920 59
l 1924 72
ol e IR R e o) a0 l S| 51 | BT
T | T |
5 5 ¥ 3 T2 i 1900 1
e | s 1034 5 1800 22 ’ 1901 2
g 1923 25 1925 5
| 1920 68 1919 11
1924 17 1918 19
1875 30
1899 42
1933 47
1920 71
\ 1024 79
. 5 R 52.5 : e 30.7
AVIRGE. - o - o] s surmmson ! 54 e O ST A e v . }8.6 ‘ LA
| 92 1025 15 1919 | 1
<< e " 154 R 1922 16 1900 | 17
‘ o 1020 50 1901 18
1923 a7 1925 20
\ 1924 81 1922 27
1888 33
1899 35
1923 59
\ | 1620 76
“ \ | 1624 82
AVOTOZE, - < iie o | ae mimn s o [rsnsene 48, 5 e 43.8 36.8

DEVELOPMENT O UPPER SACRAMENTO RIVER. 29
Power yield.

Electric power may be generated at the Kenmuett reservoir by con-
structing a power plant below the dam, through which would pass,
under reservoir pressure, all or part of the water released.  The
amount and character of power that could be so generated will depend
upon the manner in which water is released from storage. Ultimately,
the State’s interests will be served best by releasing this water in con-
junction with that from the Iron Canyon reservoir, in accord with the
demand for irrigation use modified to fit the necessities of navigation
and salt water control in the Sacramento River.

The demand for irrigation water varies in voltne from month to
month with the necessity of irrigating erops, but follows nearly the
same fluctuations each season. The table on page 31 presents these
estimated average fluctuations. While the demand for eleetric power
inereases during the summer months similarly to the demand for irviga-
tion water, the increase is not nearly so large. The following table
shows that, while the irrigation demand inereases during the summer
months 164 per cent of the average rate, the state-wide demand for
power increases only 14 per cent of the average rate.

COMPARISON OF MONTHLY DEMAND FOR ELECTRIC POWER AND
IRRIGATION WATER IN TERMS OF THE AVERAGE DEMAND.

|

Eleetric power Irrigation water

Month consumpticnin per | consumption in per

5 eent of annual total | cent of annual total
{state-wide average) | (Sacramento Villey)

i R SO S U P R 7.3 [}
Pebindd¥ - icscms cpuns 6.9 ‘ 0
RERCTH | S 6o n i N 7.8 I
AR e o o i 7.9 H
8.8 \ 16

9.0 2

9.4 22

9.5 ‘ 20

e e BL.Y 12

(T T N R R P G e et 5N 8.5 t
I s e R ) o s e A e A, 0 8.0 | 0
G577 00T TR S SO O S T S | 8.2 [0
7 ST ORI O R - it 100.0 ‘ 100.0

Although the foregoing table shows that, at the time the demand for
irrigation water would absorb the entire capacity of the reservoir for
equalizing the stream flow, power can not be genervated from the
released water in aceordance with the need for this commodity, never-
theless, there will be a period when it can, while the area to be irrigated
is changing over to intensive farming and the tull capacity of the
reservoir is not required for irrigation service. The ultimate irriga-
tion service, especially from the larger reservoirs, is so great that many
years will pass before the demand for water equals the total available
supply. During this period of irrigation development, considerable
advantage may be obtained in the generation of power by moditving
the time of release of water from the reservoir to best suit the needs of
power generation. A more satisfactory power output may be obtained
prior to the ultimate use of the water for irrigation than could be
generated from the water it released at the present time in accordance
with its ultimate disposition.
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Analyses have been made of the power that could be generated under
two methods of release, the one primarily for power generation and
the other for maximum irrigation use. The latter analysis approxi-
mates the way in which water would be released ultimately from the
reservoir under the “‘Coordinated Plan,”” however, some modification
would be made in order that Kennett could coutribute its part in
maintaining navigation and salt water control in the Sacramento River,

The power output, while releasing stored water primarily for the
generation of power, was computed for a plant serving its individual
system of power distribution. Operating tor this serviee, it would be
desirable to secure the maximum production of continuous power in
order to minimize duplicate steam stand-by service. The estimated
maximum eontinuous output was eclassed as primary power. Power
that could be generated at intervals economically, in addition to the
continuous output, was classed as secondary power. 1f the installation
were connected into an extended system with many generating plants,
its operation would be adjusted to the particular needs of that system
and the output of secondary power wmight vary from the estimates of
this report. The primary output, however, would remain the saunte.

The estimates of yield operating primarily for power generation
were carried forward month by wonth as in the analyses of water
vield, commencing with a full reservoir at the close of 1871, The
water draft throngh the turbimes was varied with the altering
reservoir level to maintain a uniformly constant primary power output
throughout the entire H4-year period, 1871-1925. Secondary power
was ineluded in the estimates during those periods in which water was
available in excess of the vpeeds for generating primary power. There
was 1o seecondary output during the critical seasons that determined
the volume of primary power that could be generated. Sinee secondary
power requives stand-by generating capaeity in some other plant for
nse during the periods in which the secondary power is not available,
its value is much less than primary power. For this reason, a standard
niethod was adopted for computing secondary power that would permit
completion with the means at hand of the great bulk of such computa-
tions incident to formulating the ‘‘Coordinated Plan.”” This method
vields results adequate for comparing values of reservoir sites and
alternate reservoir capacities but, as later poinfed out, requires modifi-
cation for other purposes.

The standard method adopted for computing secondary power
included gquantities in the estimates only during those periods in which
the reservoir was full and to the extent it was economical to increase
the capaeity of the installation to use water that otherwise would have
wasted over the spillway. The plant efficieney used in the estimates,
including entrance, penstoek and draft-tnbe losses, fluctuated above
and below 75 per cent for the varying conditions of head and efficiency
of turbines and generators. The greatest drawdown during the 54
years of computation was to seven-tenths depth. Deduetions in head
acting on the turbines were made for the raised level of the tail race
during seasons of flood or large discharge from the reservoir.

When operating primarily for the neceds of irrigation, the power
yvield was compufed for the same installation as in the first set of
computations. Iustead, however, of varying the draft through the
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turbines to maintain a uniform output of primary power, the draft
was limited to water released for irrigation plus spill when the reser-
voir was full and the power was computed on a 100 per cent load factor.
In the first set of computations, operating primarily for the generation
of power, the production was obtained from the same installation on a
75 per cent load factor but in the second set the entire installed eapacity
of the plant was wtilized when water was available. At times in the
second set of computations when the available water was less than the
capacity of the turbines, the plant could have operated on other than
a 100 per cent daily load factor but the average power output would
have been the same. Between the months of October and Mareh, there
was no water available for power generation except when the reservoir
had filled to overflowing. The average period of plant idleness was
four-tenths of a month for the lowest dam height to five months for
the 620-foot dam. No power was enfered in the computations when the
reservoir level was below half depth. While there would be some
output under these conditions, the low head, the poor efficieneies and
the infrequent oceurrence would make it relatively small in amount.

The power output at five heights of dam was estimated as follows:

POWER YIELD—KENNETT RESERVOIR.

Average vield in
Average vield in kilowatta — kilowatts
Height of dam Operating primarily for pewer. Operating primarily
in feet . 3 ! Load facter=0.75 for irrigntion.
(5 feet k. v. a. Load factar—=1.00
frechogard) P. F.=0.80 — X |
Primary ‘} Total Secondury
220 315,000 | 37,800 60,600 08,400 105.600
320 395,000 69,500 67,600 137,106 143,900
420 400,000 113,400 47,100 160,500 159,490
520 450,000 175,600 28,200 | 203,800 165,500

620 300,000 248 800 0 l 248,800 160, 100

The primary power of the foregoing table is a steady continuous
output but the secondary is intermittent. The characteristics of the
secondary power may be best deseribed by tabulating the average
monthly values together with the monthly values of the maximum,
minimum and several recent years. The method of computing second-
ary power employed in the preparation of the foregoing table, however,
limits the time of year for the generation of secondary power to the
periods during the winter and spring when the reservoir is full. A
part of this secondary power could be generated in the summer months
and thus secure a more useful distribution through the year. The
amount would be limited to that which would not draw the reservoir
level below its eyele in generating primary power dnring critical
scasons. The power output at the 420-foot dam, therefore, was recom-
puted on this basis. A change was also introduced in the computation
of primary power. It was generated in accord with the average state-
wide variation through the season in the demand for power instead
of at a uniformly constant rate as was assumed for convenience in the
first set of computations. The state-wide average demand for power
inereases from 10 to 14 per cent above the average during the midsum-
mer months. The results of the second set of ecomputations are incorpo-
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rated in the first of the two following tables which show the character-
isties of the power that counld be generated at the Kennett dam site.
The average primary power output of 113,400 kilowatts is identical
with that of the first set of computations but the average secondary
output increased from 47,100 kilowatts to 56,600 kilowatts with a larger
proportion during the summer months. The characteristics of the
secondary power shown in the first table are those while operating
primarily for power generation. The second of the two following
tables shows the characteristics of the secondary power (the entire
output) if operating primarily for irrigation.

CHARACTERISTICS OF POWER OUTPUT.
KENNETT RESERVOIR—420-FOOT DAM.

Operating Primarily for Power.
Tnstalled capacity 400,000 k. v. a. (P. F. .0.80),
Load factor,
Primary pmwr m aceord with stiute-wide demand.
Reservoir level drawn down cach vear to 19238 levels.

:7

|

Secondary power in kilowatts

Primary |
Month power in | Average for
kilowatts H4-yeuar Maximum | Minimum 1016 1920
period, vear, 1878 | vear, 1024 S 1
1871-1925
January 97,400 41,100 112,600 0 ‘ 112,600 0
February 101,900 82 900 0 111,600 0
Mawplic . o000 104,200 91,500 0 105,800 0
T e 109,000 91,800 0 101,000 0
F e M A e 117,500 2,900 0 0
U = 5 e 124,200 14,300 0 0
Jay ... .. 125,400 37,400 | 0 0
August . .. 126,700 32,800 0 0
September. ... ..o L 120,000 29,600 0 23,800 0
DIRNRIRE - ..o oo o mimnti g8 113,400 33,700 0 19,900 1]
TOPREOIRE S| b ! g g i i 4 110,300 57,600 ! 0 27,500 30,700
DO v .o om0 s 109,400 65,300 I()O 600 0 44,500 100,600
Average. . ............ .. i 113,400 56,600 96,600 0 64,000 11,000
| J |
CHARACTERISTICS OF POWER OUTPUT.
KENNETT RESERVOIR—420-FOOT DAM.
Operating Primarily for Irrigation.
Installed eapacity 400,000 k. v. a. (P. F. .0.80).
Load factor, 1.00.
Seasonal irrigation draft 4,276,000 acre-feet.
Deficient in supply one year in ten.
Without deduction for prior rights.
Draft from reservoir in accord with the demand for irrigation water.
Secondary power in kilowatts
Primary
Month power In
Kilowatts Average Maximum Minirqum 1016 920
IS71-1925 | vear, 1890 | year, 1024 ulg L
= [ L i 5
TR 5wt e psismi iy ps s 0 73,200 ‘ 280,000 0 149,600 0
(0 o e D R 0 164,300 | 280,000 0 280,000 0
March. Sty S PSS 0 210,200 | 280,000 ‘ 13,400 | 280,000 14,300
0 235,100 281,000 70,700 280,000 80,100
0 277,000 280,000 191,400 280,000 243 300
4] 272,900 280,000 0 280.000 233,300
July 1] 267,500 280,000 0! 280,000 0
August. .. 0 240,800 280,000 0 266,900 | 0
September (] 130,200 : 01 151,800 0
October. . . ‘ 0 38700 | 69,200 0 47,000 1
November ! 0 0 0 0 0
Decemmber. . . . .o 0 3,300 142, 7uo 0 0 0
RUBTRRO. . ¢ ¢ poiomiionth 45 usnsin s } 0 159,400 213;’100 25,100 190,900 47,500
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Although, in generating the power listed in the first of the two
foregoing tables, the reservoir would be operating primarily for the
generation of power, nevertheless, a very considerable area could be
irrigated from the water in the turbine disecharge. The amount of
water that could be diverted in accord with the demand for irrigation
water and the area that it would irrigate are set forth in the following
tabulation. It shows, for a 420-foot dam, 38.1 per cent of the ultimate
area could be irrigated from the tulblnp discharge while operating
primarily for power without deduction for prior I‘lg‘lltb and 19.5 per
cent with deduction for prior rights.

In computing the volume of irrigation water entered in this table,
approximately the same average deficiency was allowed in the supply
that is eontained in the estimates of water yield from the reservoir for
like heights of dam when operating primarily for irrigation with a
deficiency in supply on an average of one year in ten.

Comparisons in this instance are made on the basis of the amount
of average deficiencies rather than on the basis of the frequency
of deficiencies because the range in value of the deficiencies in supply
taken from the turbine discharge is small. 7The range in value
of deficiencies operating the reservoir primarily for irrmdtmn use is
large. To compare the two on the basis of frequency Of deficiencies
would not compare equivalent supplies. The comparison upon the
basis of equal values for average deficiencies as made in the following
table is not entirely of equivalent supplies but more nearly so than if
the eomparison were made on the former basis.

IRRIGATION SERVICE FROM KENNETT RESERVOIR.
Operating Primarily for Generation of Power.

| Water available in turbine discharge for diversion in

£ G LS Net area irrigable
aecord with irrigation demand Net'aren irrigable

(net consumptive use 2.5
acre-feet per acre)

Icight of Deficiency in seasonal

d"?.—l. irrgeftcrt irriguti(fm sufnp[_v in per cent “}Ivnmm\ ] : fA

doaidl sy of perfeet supply ow in n per cent o

frechoard) };r:iinlfp o= =0 N | month of area irrigable

RECERCSE | August in In acres if operating

Average of Maximum second-feet primarily for

all years year irrigation
1 Without Deduction for Prior Rights.
220 1,116,000 { 0.6 14.6 5.000 446,000 6.0
320 | 1,221,000 | 0.6 5.2 5,300 488,000 477
420 1,831,000 1.6 AL 6,200 652,000 38.1
320 1,986,000 2.8 6.9 7,300 794,000 352
(20 2,285,000 2 5.2 7,900 914,000 35.9
With Deduction for Prior Rights.

220 106,000 07 | 33.8 1,600 42,000 22.6
320 *73.000 0.9 15.9 1,800 29,000 5.1
420 | 552,000 2.8 17.0 2,800 221,000 195
a20 | 854,000 3.6 10.0 3,900 341,000 22.1
620 I 1,170,000 4.1 8.2 %500 168,000 25.0

“It would appear by compurison with the qmnhtm for other dam heights that this value should Le larger than
73,000, An examination of the detuil power computations shows that, fer this height of dam, there is less draw down in
the reserveir during the month of June than for other heights. Thisis purelv a circnmstance of the application of nuniform
assumptions to the computations for all heights of dam. I this instance the conputations carried through with smaller
relutive turbine discharges in the generation of power during June than for other dam heights and hence there was rela-
tively [ess water available for new irrigation use if the uverage deficicncy were not allowed to exceed that eeenrring when
operating primarily {or irrigation with a deficie eney on the average of one year in ten. 1f this average deficiency were
allowed te reach 2.0 per cent inatead of only 0.9 per cent, the water available in the turbine discharge for new irrigaticn
use weuld have been 171,000 acre-feet.
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Flood con
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trol.

The value ot the Kenneft reservoir for controlling floods depends

upon its

ability to absorb the volume of flow that constitutes a flood

as it debouches from the mountainous areas onto the Sacramento

Valley fl
The lare

oor. This volume is very large on the main Sacramento River.
est flood since measurements were started, in 1895, oceurred on

February 3, 1909. The crest flow was 278,000 sccond-feet. The mean

flow for
at the K

the day was 254,000 second-feet. A reservoir of small capacity
ennett site would have little value for controlling such floods.

The degree of control that could be established would increase with

the size

ol the reservoir constructed. The limit of this ability wounld

lie in the size of flood that might develop upon the drainage area
downstream from the dam site but tributary to the chanmel before it

emerges

from the mountainous areas upon the valley floor.

The Kennett reservoir site has 6649 square miles of drainage area
tributary to it upon which originates about three-fourths of the run-off

from the
whieh is

main Sacramento basin, Between the dam site and Red Bluft,
at the edge of the valley floor, there are 2609 square miles of

drainage avea that, it is estimated, might produce a flood as great as

125,000

sccond-feet.  Theretore, the greafest control that could be

PLATE B
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Space REQUIRED IN KENNETT RESERVOIR
To CoNTROL FLOODS ON SACRAMENTO RIVER

ConTROLLED FLow MEASURED AT RED BLUFF
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obtained through the Kenneti reservoir would be to limit the flood
flow at Red Bluft to 125,000 second-feet. This would require the
complete absorption of the flow entering the Kennelt reservoir dhoving
the passage of the maximum flood erest.

An extensive study of the possibilities of controlling floods by reser-
voirs has been undertaken by these investigations. The detail of the
various considerations are so great that the subject is presented in
a separate volume, Bulletin No. 14, ““The Control of Kloods by Reser-
voirs.”” Tere it is demounstrated that the Kennett reservoir could be
utilized for reducing the maximum flood flow at Red Bludl from 278,000
to 125,000 second-teet in harmony with the couservation of water and
the generation of power. This would require at times the use of
454,000 acre-feet of reservoir space for detention of flood flows. The
larger the reservoir, the easier it would be fo seeure a harmionious
method of operation that would control floods without detriment to
the conservation values of the reservoir. Yo secure these eombined
benefits, it is essential that a speeially prepared schedule of operation
be instituted.

The degree of control that may be effeeted by the utilization of
various amounts of space in the Kennett reservoir is expressed on
Plate B, “‘Space Required in Kennett Reservoir to Control Ifloods on
Sacramento River.”” This diagram 1s constructed from data taken
from Bulletin No. 14, ““The Control of Floods by Reservoirs.”” Tt 1s
empirically construeted from run-ofl records. Its purpose is fo ascer-
tain the amount of reservoir space that may be uneeded to detain flood
flows in excess of a desired maximum coutvolled flow aud the prob-
ability that this space will be adequate under the most severe condi-
tions. The following tabulated values are taken from this chart:

SPACE REQUIRED IN KENNETT RESERVOIR TO CONTROL FLOODS ON
SACRAMENTO RIVER.

Space required in reservoir in sere-feot
Maximum
controlled Gow
at Red Blufl

Iixeeeded on the | Fix led on the | Exeeeded cn the

eded an the

in second-feet average v | average one day l ay | averags one day | averaze one duy
“ in 10 yenrs I 235 years D0 years in 100 yoars in 1000 years
125,000 [ 286,000 | 383,000 451,000 518,000 731,000
150,000 158,000 252,000 326,000 315,000 597 000
175,000 79,000 153,000 237,000 306,000 504,000

Improvements flooded by reservoir.

The lands flooded and the marginal areas above the flow line that
would have to be aequired if the Kennett reservoir were constructed
are rough and mountainous and have no agricultural valme. The
slopes are mostly steep and rocky and are used only for grazing pur-
poses. The assessed values range from $0.50 fo $10 per acre and
average $3.75 over the entire reservoir,

No towns of importance are located within the reservoir area, and
very few ranch improvements. Kennett, the largest town, has recently
suffered a loss in population and property values by the closing of the
Mammoth mine. For years this mine was a large producer, but was
shut down in 1925 upon exhaustion of its ore bodies. Its smelter and
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bag house have been salvaged. Otlier towns are Copper City on Squaw
(‘reek, and Delmar, Pollock, Antler and Delta, along the state hichway.
None of these have an assessed valuation exeeeding $4,000.

The principal properties that would be affected by the construetion
of the Kennett veservoir are the Sonthern Pacifie Railroad, the state
highway, and the Bully Hill mine and smelter. The railvoad and high-
way could be moved to new locations without detriment to their public
service. The cost of doing this is large and counstitutes a substantial
part of the total cost of the reservoir. It ranges from 40 per cent for
the low heights of dam to 20 per cent for the greatest height.,

The moving of the main line track of the Southern Pacific Railroad
through the Sacramento Canyon wonld be the largest single item of
cost for rights of way. It extends the entire length of the reservoir
and would have to be relocated for all heights of dam. Twelve miles
of line would be submerged by a 220-foot dam, 20 miles by a 420-foot
dam, and 26 miles by a 620-foot dam. TIn order to secure good align-
ment and avoid heavy grades it probably wonld be necessary to start
the relocation at the city of Redding. A tentative route has been
reconnoitered on the casterly side of the river. Although this route
would shorten the line about eight miles for the 420-foot dam, it is
costly because of several tunnels and major bridge crossings. For dam
heights greater than 420 fect, the crossing at the Pit River becomes
awkward and very expensive.

The second largest item in the cost ol rights of way would be the
relocation of 3 to 15.5 miles of the Pacifie Ilighway northerly from the
Pit River. This would involve heavy grading and the construction of
several major bridges. Preliminary stndies indicate that the length of
the new voute for some heights of dam would be slightly greater than
the present omne, however, present grades would be elminated, as the
new road would skirt the reservoir for several miles.

The most important mining property affected by the construetion
of the Kennett reservoir is the Bully Hill mine and smelter on Squaw
(lreelk, a tributary of the Pit. This was originally a copper-producing
property, but after remaining idle for several years the mine was
re-opened in 1924 for the production of zine oxide. Ore from this and
the Afterthought mine, on the south side of the Pit River near Ingot,
is shipped to the Southern Pacific main line in the Sacramento Canyon
over a standard-gauge track located on the right bank of the Pit River.
Ore from the Afterthought mine is conveyed to the braneh railroad by
an aerial tram. A part of the tram and all of the branch railroad
would be flooded for heights of dam over 300 feet. The smelter is not
now in use. It would be flooded only for dam heights greater than 600
feet. DBoth mines are above the flow line for all heights. In 1924, the
county assessed valuation of the Bully LLill properties was $100,000.
1n 1925, the Bully Hill smelter and mine, together with the railroad,
were sold at public auction for $788,827.24 in foreclosure proceedings.

Other mining properties affected arve the Herault smelter, located on
the right bank of the Pit River, between the MeCloud River and Squaw
Creek, and the Arps mine, near Copper City on Squaw Creek. The
Herault smelter would be flooded by heights of dam greater than 200
feet. The mine is located about 700 feet higher than the smelter, well
above the flow line of the largest reservoir. At the present time both
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smelter and mine are inacfive.  The counly assessed valuation of the
smelter in 1924 was $32,000. The Arps mine is a copper and zine pros-
peet. [t lies at an elevation that would be flooded by a 400-foot dan.
In 1924 the county assessed valuation ol this propevty was $28,500.

The state fish hatcliery at Baird, on the MeCloud River, at an eleva-
tion of 750 feet, would be flooded by all heights of dam.

The estimated cost of acquiring the lands and marginal areas, relocat-
ing the Southern Pacific Railroad and the state highway, wmpens‘atlnﬂ
the owners of all mines and other improvements for the loss incurred
by the construction of the I{ennett reservoir, is set forth in the follow-
ing table for five heights of dam:

ESTIMATED COST OF FLOODING LANDS AND IMPROVEMENTS BY
KENNETT RESERVOIR.

Height of dam
in feet Cest 1 dollurs
(5 feet freeboard)

Cost in per cent
of tetal cost
ol veservoir

\

S S — S — g
{
|

220 14,370,000 64
320 16,780,000 30
420 22,970,000 42
520 ‘ 32,710,000 37
620 40,000,000 . 31

Type of dam.

Foundation conditions at the Kennett dam site, as disclosed by the
diamond drill borings and the geologic report of Prof. George D.
Louderback, are suitable for a high dam of any type. 'I'oponl'nph](-
features and the absence of earth in large quantities, however, limit
considerations to a gravity-concrete or a rock-fill dam. An ample
supply of suitable rock ld,wlns the dam site at high elevations so that
the construction of a rock-fill dam could proceed under unusnally
favorable conditions. TPreliminary estimates indicate that a roek-fill
dam may be constructed for somewhat less cost than a gravity-conerete
dam. The added cost of power and {lood control outlets throngh the
thicker roek-fill dam, however, makes the total cost about the same for
either type. The estimates in this report are based upon a gravity-
conerete dam.

Layout at dam.

Several trial layouts were made of the dam, power plant and flood
coutrol outlets at the Kennett dam site. These preliminary studies
indicate that, in general, it is desirable to locate the power plant a dis-
tance down\tleam from fhe dam and convey the water to it in pressure
tunnels leading from the reservoir fhrounh the canyon walls. This
arrangenient rellevex serious cougestion in the narrow gorge at the
foot of the dam. It also leaves the space about the dam for the con-
venient location of spillways and flood control outlets. These take
up so much room, because of the large volume of water to be cared for,
that no suitable arranﬂemont could be found in the time allotted to tlus
study, with the power plant at the foot of the dam.

The most advantageous and eeconomiec layout varies with each height
of dam. Tentative plans were made for five heights. While dlﬁermg
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in detail, the layout for the 420-foot height is typical and is described
ierein for illustration. It is also delinated on Plate ), *‘Layout at
Kemnett Dam and Reservoir Avea and Capaeity Curves.””  The posi-
tion of the dam showu on this plate is the one most advantageous for a
height of 420 feet. The most adyvantageous position changes for each
height. A dotted line on Plate C indicates the position of the upstream
face most favorable for the ultimate raising of the dam to a height of
620 feet.

A cross-section of the dam is also shown on Plate C. It has a top
width of 20 feet, a freeboard of 5 feet above the highest water, a
slightly inclined upstream face and a slope on the downstream face of
% to 1 ou the upper 390 feet aud a 1 to 1 slope below this. The dam
would vest on foundations stripped to firm rock. Seal would be made
by grouting from two rows of holes along the upstream face of the dam,
extending as deep into the foundation as may be advisable. Drain
pipes along the full length of the dam downstream from the grout
boles would connect through vertical pipes to drainage tunnels in the
dam.

The overflow spillway would be divided in two parts, halt at either
end of the dam crest. Each section would have a length of 222 teet
and a waterway 20 feet deep. The outflow Irom the reservoir would
be controlled by hydraulically operated drum gates. The two sections
together would have a capacity of 125,000 second-feet without encroach-
ing on the five-foot treeboard of the dam. About 190,000 second-feet
could be passed without its being overtopped.

Water flowing over the spillway would be intercepted in a concrete
waterway 40 to 70 feet wide and 55 to 40 feet deep and be conducted
to the river chanuel 300 fect downstream from the toec of the dam.
The channel would be lined with 2 feet of conerete heavily reinforced
and anchored to bed rock. Under drains would relieve upward pres-
sure from percolating water below the couerete lining should there
be any. The waterway area of these chaunels was computed for a
50 per cent incerease in volume for entrained air. The sides would
extend twenty feet above this.

Flood control outlets through the dam would be provided in addi-
tion to the overflow spillway. These would be arranged in two bat-
teries. The upper one would consist of 21 oullets each 166 inches in
diameter. They would be spaced 30 feet in the eentral part of the dam
with their inlets 60 feet below the top. The greatest drawdown in
the reservoir for flood control would bhe 21 feet below the top of the
dam. The outlets would be lined with three-eighths ineh steel plate.
Flow would be controlled through each outlet at the upstream face of
the dam by a roller sluice gate mechanically operated from the top.
The gates would be protected by steel trash racks.

The lower battery of outlets would consist of two 118-inch pipes
with inlets 350 feet below the top of the dam. In this position they
would be useful in draining the reservoir should this ever become
desirable. They would be constructed similar to the upper battery
of outlets except that the steel plate would increase to seven-eighths
inch thickness toward the downstream end where a balanced needle
valve would be placed.
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The water escaping from the upper-battery of ountlets would strike
the downstream face ol the dam before reaching the concrete tined
colleeting channel at its base. This channel would intercept the water
running down the face of the dam and carry it fo the hottom of the
gorge. The channel would be 50 {o 100 feet wide and 30 feet deep.
It would be lined with reinforced concrete 2 feet thick and securely
anchored 1o bed rock. This ehannel would center in a pool H0 feet deep
in the boftom of the gorge when the outlets are operating to full capae-
ity.  The total capacity of these outlets would be 125,000 second-feet.
Their capacity eombined with that of the overflow spillway would be
250,000 second-feet, twice the once-in-25-year flood at the ICennett dam
gite. Their combined capacity with the reservoir level at the top of the
dam wonld exceed 300,000 second-feet. The crest flow of the largest
flood observed within 30 vears of record at Red Bluff is 278,000 second-
feet.

The position of the power plant 1800 feet downstream from the
dam is shown on Plate €, “Layout at Kennett Dam and Reservoir
Area and Capacity Curves.””  Water would be conducted from the
reservoir to the power house in two concrefe lined tunnels 22 feet in
diameter. Tach one of these would divide into 5 steel penstocks 10
feet in diameter at a point directly opposite the power house. Balanced
needle valves wonld control the flow from the penstocks at the inlet to
the turbines. Valve by-passes around the turbines wonld be provided
for use as irrigation outlets wlen the tnrbine discharge is not sufficient.
The flow into the two power tunnels would be controlled by balanced
alves hydraulically operated in reinforeed conerete gate towers located
af. the npstream face of the dam. The gates would be protected by steel
trash racks.

Ten generating units would be installed in the power house, each
with a capacity of 40,000 k.v.a. These would be directly connected
to vertical variable head reaction turbines. The building would be of
steel and reinforeed conerecte.

Cost estimates.

For the purpose of estimating costs, examination was made for a
sonree of concrete ageregate. Tests made in the laboratories of the
State IHighway Commission indicate that the rock at the dam site is
suitable for this purpose and that when crushed and rolled would make
snitable sand. Also, a snpply of sand and gravel that makes satis-
factory concrete lies in the Sacramento River near Redding.

4—50667
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The unit prices used in preparing the estimates of cost are:

Excavation— Iftem

Unit price
In dam foundations above river level____ . _ e $1.50 per cubic yard
In dam foundations below river level_ 4.00 per cubic yard
For spillway channel—_______________ 1.50 per cubic yard
For collection channel at buse of dim 4.00 per cubic yard
In pressure tunnels 6.00 per cubic yard
In penstock tunnels_ 8.50 per cubic yard
Bkl et 1.25 per cubic yard
CONCRETE—
Mass concrete in dam______..__________ e i 7,00 per cubic
Reinforeed conerete in parapet - 19,50 per cubic
R(-\,!nf()r(',e(l concrete in spillway pi S ——~ 16.00 per cubic
Reinforeed conerete in bridge over splllw.n\__ T 24.00 nper cubic
He@nfoz'oe(l concerete in spillway and collection channels____  12.50 per cubic yar
Reinforced conerete in gute tower —__ 24.00 per cubie¢ }
Conerete lining in pressure and p stock tunmels__——______  20.00 per cubice )
Conerete in penstock eradles. . _ e e e = e e LEAGOT pEE grIbiC YRR
STEEL—
Réintereitig stoel. o comseacs e n s — $0.05% per 1lb.

Pipe and outlet lining .08% per 1b,
Trash: racksc.ce - .08% per 1b.
Drum gates in spillway—— - 10 per 1b.

Balanced wvalves—inlet tower .20 per lb.
Palanded seedle ThIves - —— e & .28 per lh.
Sluice gates. ... _ v e R I T S L D S $12,000 to $17,000 each
PowpkR PrLANT BEQUIPMENT—
Buildings and all generating, hydraulic, switching and miscel-
laneous equipment including baldnced needle valves at
EHE T iR — . e b e e =y __  $30.00 per k.v.a.

OVERHEAD—

Administration and engineering. 10 per cent
Colingeneion < ——si— % 15 per cent
Interest during censtrmetion . .~ _.. 6 per cent compounded semi-annually

Based upon the foregoing unit prices and quauntities computed from
the preliminary layouts and designs, the cost of the five heights of
dam was estimated as in the following table succeeded by the detail
of the estimate for the 420-foot dam.

COST OF KENNETT RESERVOIR AND POWER PLANT.
| J

Lands and

Height of | imprcvements ' Additional cost

d‘"(" lf" f'ﬂl ’ Dam | flooded by Power plant for floed contrel | Total cost

froc‘l)t?-:rxl) reservoir and features
ik reservoir clearing i

—_— ’ = . ] S

220 ‘ £7,840,000 214,520,000 ‘ $19,810,000 ' (No flood eontrol) $12,170,000
320 16,370,000 17,120,000 | 24,670,000 £1,100,000 59,260,000
420 1 31,190,000 23,610,000 24,980,000 220,000 80,000,000
520 54,370,000 ‘ 33,770,000 28,020,000 0 116,160,000

620 ’ 87,710,000 41,560,000 ' 31,060,000 ' 0 166,330,000
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DETAIL COST ESTIMATE OF KENNETT RESERVOIR
AND POWER PLANT.

Height of dam, 420 feet.

Reservoir capacity, 2,940,000 acre-feel.

Capacity of overflow spillway, 125,000 \eu)nd feet.

Capacity of flood control and irrigation outlets, 125,000 second-feet.
Installed capacity of power plant, 400,000 k.v.a.

Daxm AND RESERVOIR-—

Eiplordlion 'and Gove (Beilliaee = e $30,000
Diversion of river during construction by coffer dams and power tunnels 270,000

Clearing of reservoir site, 23,000 acres at $20_________ e 460,000
Hxcavation for dam and spillways:
Below river level, 24,000 cubic yards at 84_______ $96,000
Above river level, 1,050,000 cubic yards at 575,000
Mass concrete 2,650, 000 cubie vards at §7 : 0,000
teinforced (,on(rote 20,000 cubic yards at %12 50 to 524 265,000

Drum gates, 2,500, ()00 Ibs. at $0.10_ == - 250,000
Backfill, 120,000 cubio yards at 31 = i = 150,000
Sealing foundation and drainage._.________ 60,000
_——— 20,946,000
Lands and improvements flooded .- _________._ s A 14,960,000
Miscelluneous :
Gravel spur railroad. . ___ S aE S A R $25,000
Construction and perm anent cammps = -. = 320,000
= : e 345,000
TFlood contrel and irrigation outlets:
Trash racks and steel lining, 3,555,000 Ibs, ¢ $311,000
Sluice gates, 2 at $17,000____________ 34,000
21 at 12, i 252,000
Balanced needle valvcs, 500,000 lbs. at 50 28 140,000
Iixcavation for channel:
Below river level, 23,000 cubic vards at $4__________ 92,000
Above river channel, 58,000 cubic¢c yards at $1.50_____ 87,000
Conerete ¢hannel lining, 19,000 cu. yds. at 37 and $12.50 158,000
S 1,074,000
Sulblolal datn anll FRBIVOlr e e $38,085,000
R - o e e — 5,713 000
Administration and engineering_ e 3,808,000
Infeectt durihseonsivpetion. = = = T e 7,414,000
Total cost of dam and rveservoiv__________________ §55,020,000
Power PLANT
Gate Towers:
Concrete, 2000 cubic yards at $12.50 and $24__________ $43,000
Trash racks, 620,000 lby. at $0.087 _____ 54,000
Balanced valves, 666,000 Ibs, at §0.20. 133,000
_—— $230,000
Penstocks :
Tunnel excavation, 81,000 cubic yards at $486,000
47,000 cubic yards at $8.50_ 299,000
Concrete tunnel lining, 36,000 cubic vards at *ZO_ 720,000

Temporary tunnel timbermg __________________ = 97,000

Steel reinforecing in lining, 390,000 Ibs. at 22,000

Steel penstock pipes, 20,620,000 1bs. at $0.0 1,804,000

Concrete pipe cradles, 550 cubic yards at $ 7,000
e - 3,535,000
Building and equipment, 400,000 kv.a. at $35______________________ 14,000,000
Kogwick SPYerbal - o b e L e e 500,000
Subtotal, power plant aod aflevhaY. ceome e e $18,265,000
IR R R I SN P e e e e e L 2,740,000
Administration and engincering .- o e . 1,827,000
Interest ducing constraction . . e 2,148,000
Total cost of power plant and afterbay____________ $24,980,000
GRAND ToTaL CosT oF Dasr, RESERVOIR, POWER PLANT AND AFTERBAY____  $80,000,000

Dam height selected for “Coordinated Plan.”

The most desirable capacity of the Kennett reservoir as a unit of the
““Coordinated Plan’’ is not subject to an exact analysis. Necessarily,
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it must bear some relation to the size of the other units of the plan and
to their cost. Since the main Sacramento is the largest of the several
tributaries and the Kennett reservoir offers the least expensive storage
facilities, this unit should be large. It wonld be economic to develop
at Kennett the largest possible part of the total water required for
the purposes of the plan. The plan proposes to develop the water
needed for future irrigation and domestic use on the floor of the
Sacramento Valley together with a surplus for navigation and salt
water control. Half or more of this surplus, after use for navigation in
the Sacramento River, would be diverted into the San Joaquin Valley
for relief of their deficient local supplies. Therefore, the total water
required by the plan is much dependent upon the length of the period
for which provision should be made at this time. This in turn would
vary with the costs. In conclusion, therefore, it would scem that the
desirable size of the Kennett reservoir in the ‘‘Coordinated Plan’’ is
the one of greatest capacity commensurate with reasonable produetion
costs.

Plate D, ‘“‘Cost of Reservoir Capacity aud Unit Yield of Water and
Power from Kennett Reservoir,”” sets forth the costs of producing water
and power at the Kennett reservoir. The upper left graph on this
plate shows the average cost of an acre-foot of storage behind all heights
of dam. It may be noted that storage is costly for low heights. At
220 feet, it 1s $64 per acre-foot. It decreases sharply to $24 per acre-
foot at a height of 350 feet. For greater heights it gradually decreases
to $12 for a dam 620 feet high. These costs are for a reservoir com-
plete for irrigation wuse. They do not include the cost of a power
plant or of flood control features.

The npper right graph shows the average cost of an acre-foot of
seasonal irrigation yvield for all heights of dam with the reservoir
stmilarly equipped. Two lines are shown on the graph. The full line
is the cost per acre-foot of vield after the estimated prior rights below
the dam site are deducted from the water supply. The dashed line is
the average cost of equalizing all water, including that passed for prior
rights below the dam site. Both c¢urves indicate that a dam height of
420 feet would have the largest capacity commensurate with reasonable
costs of water production. The cost at this height would be $19 per
acre-foot of new water equalized for irrigation use. For greater heights,
as well as for heights more than 50 feet lower, the average cost per
acre-foot of vield increases substantially. The rates at which these
costs increase for a change in height at the several heights of dam are
shown on the lower right eraph. The curves on this graph show the
cost of each additional acre-foot of yield that would be gained by
slightly raising the dam. It may be noticed that for heights greater
than 400 feet the unit increase in yield gained by raising the dam
enlarges rapidly in cost. At 420 feet height of dam the cost of an
additional unit of supply is $19 per acre-foot. This is identical with
the average cost of the entire new supply at this height of dam. There-
fore, as an irrigation reservoir, the economic height, so far as produe-
tion costs are concerned, is 420 feet,

The graph in the lower left corner, Plate D, delineates the cost per
kilowatt of average power output for a reservoir equipped to generate
power. These costs include the reservoir and power plant, with all
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appurtenances, but do not include flood control features. Two curves
are shown. The dashed-line ¢curve indicates the cost of average output
of both primary and secondary power when operating primarily for
power generation. The full-line eurve indicates the cost of average
output when operating for ultimate irrigation needs. This curve shows
a shightly less cost for low heights of dam than the one representing
operation primarily for power generation. In the latter case the full
installation is not employed in generating power when water is avail-
able, the load factor being 0.75, while in the first instance it is. This
aives a slightly greater total ontput and hence the slightly less unit
cost of production for low heights of dam operating primarily for
irrigation,

Both curves indicate that about 320-foot height of dam is most advan-
tageous so far as power production is coneerned if primary and second-
ary power have the same value. Since primary power has a greater
value than secondary, and the proportion of primary to secondary
power output increases rapidly with higher dams when operating pri-
marily for power generation, the true economic height so far as power
production is concerned is greater than 320 feet. At 420 feet the cost
is $500 per kilowatt average production, about 17 per ecent greater than
the cost at a height of 320 feef, but the proportion of primary power
Is 20 per cent larger. The true ceonomic heighf. would, therefore,
approach 420 feet, aceording to the relative values assigned to primary
and secondary power. The cost does not inerease very rapidly with
greater dam heights when operating primarily for power generation.
At a 620-foot height, the cost is $644 per kilowatt. At the same height,
the cost operating primarily for irrigation mounts to $1,000 per
kilowatt.

The studies on the control of floods by reservoirs indicate that the
orcatest space needed for detention of flood flows at the Kennett reser-
voir is 454,000 acre-feet. They also indicate that this is too large
a fraction of the total capacity of the reservoir behind dams much less
than 420 feet in height for flood control to harmonize with the produe-
tion of water and power. Since the 420-foot height is most economical
for water production, practically so for power prodnetion and favor-
able for flood control, it was selected as the initial dam height for the
Kennett reservoir in the *‘Coordinated Plan.”
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CHAPTER LV.

GEOLOGY OF KENNETT DAM SITE.

Diamond drill explorations.

Because of the importance of the Kennett reservoir to any scheme
for developing the surplus waters of the Sacramento drainage basin,
the site was explored in 1924-25 with a diamond drill. Prof. George
D. Louderback, geologist ol the University of California, advised in
this work. The site was drilled with both vertical and inelined holes
1o ascertain the presence of zones of weakness, if any should exist in
the massive formation at the dam site. In all, 4299 lineal feet of hole
were drilled, 8 vertical holes aggregating 1112 feet in length, and 12
inclined holes totaling 3187 feet in length.  The core saved was 45
per eent of the entive length of the holes drlled.  All cores have
been preserved.

This series of holes piereed the surface covering of the dam site to
a general depth of 151 feet below the ground surface. At from 10 to
108 fect below the surface a firm, greenish-gray rock was encounutered
in every hole. The cores show the seams and erevices of this underlying
rock to be nmusually tightly filled by secondary depositions of guartz
or caleite, sometimes associated with other minerals. The overlying
material was found to be badly weathered. Narrow belts of badly
weathered material extend to depths as great as 100 feet. As shown by
the drill cores and surface indications, the depth to which this weath-
ered material will have to be removed in constructing a high dam
varies from a few fect in a belt five or six hundred feet wide along the
gorge to about 108 feet on a very limited arca at the deepest point on
the right abutment. In gencral, less stripping will be required on the
left abutment than on the right. Here the maximum depth will be
about 60 feet. The average depth of stripping to uncover firm founda-
tions over the entive dam site is estimated to he 45 fect.

The location of the diamond drill holes is shown on Plate E, ‘“‘T.oca-
tion of Diamond Drill Borings at Kennett Dam Site.”” The holes are
plotted on this plate, showing their relative positions on cross-sections
of the canyon. Their horizontal positions are spotted on a topographie
map of the dam site, also eontained on this plate. A complete log of
the diamond drill borings is delineated on Plate ¥, ““Log of Diamond
Drill Borings at Kennett Dam Site.’’

Report of Prof. George D. Louderback, Geologist.

Based upon a field examination of the surrounding terrain, a stndy
of the drill cores, the driller’s logs, field engineer’s notes, and maps,
Prof. George D. Touderback of the University of California rendered
the following report :
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UNIVERSITY OF CALIFORNIA
GEOLOGICAL SCIENCES
BERKELEY

George D. Louderback,
103 Baeon Hall.

December 28, 1926.
State Engineer,
Department of Public Works,
Sacramento, Cal.

Geologic Fealures of Kennelt Dain Site.
Dear Sir:

The following report is the result of a study in the field of the imme-
diate area of the Kennett dam site, and the examination of a series of
core samples taken from a series of bore holes along and near the pro-
posed location of the dam, and representing a total ot 4299 feet of sub-
surface exploration.

Tre ANDESITIC SERIES.

By far the greater part of the rocks encountered represeut an old
voleanie series made up originally of a succession of lava flows, and
the produets of explosive ernptions (tuffs and agglomerates). Earth
movements have turned these roecks up into attitudes not far from
vertical so that on traversing the proposed line of the dam, one is
erossing in almost the shiortest possible distance, the suceessive niem-
bers of the series. While the different layers originally varied in texture
and' in chemical composition, they appear to belong to the same gen-
eral rock group—pyroxene andesite. This series has been determined
by Mr. Diller of the U, 8. (ieological Survey to be pre-Devonian in age,
and he named it the ‘‘Copley Metaandesite.”’

All of the rocks of the Copley eroup have undergone alteration to a
oreater or less extent. There has been a widespread alteration of the
ferro-magnesian constituents (chiefly pyroxene) to chlorvite. This has
egiven the unweathered parts of the roeks a light or dark ereen color,
dependent largely on the amount of chlorite present, and they may all
properly be referred to as greenstones. Mnch of the feldspar has been
changed to sericitiec produets with the concomitant development of epi-
dote or caleite. During the alteration a certain amount of secondary
quartz also developed. These forms of alteration are more or less
ariable, sometimes much of the original minerals remaining, some-
times all of the original minerals being replaced by alteration produets.
A high development of epidote gives the rock the peculiar greenish
vellow {int characteristic of certain forms of that mineral.

Another form of alteration that is found in streaks or belts, is the
development of schistosity by recrystallization under lateral pressure
(stress).  In some places this is developed along minor shear lines
closely spaced, the rock snbstance between not partaking of the schistose
strncture.  Tn the core samples from the bore holes, rock thus altered,
breaks into short seetions with rather lustrous snrfaces due to the small
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new crystals being arranged in planes. In certain belts the whole rock
has been given a marked parallel structure and may be called a schist
(ehloritic schist or greenstone schist). Many of the layers that do
not show either of the above phenomena, show a certain general
parallelisin of constituents, in part due to original flow structure, in
part developed under lateral compression. This is brought out best
by weathering and gives the flaky appearance called by the drillers
‘‘shale.”’

In texture the andesites originally varied from those with a glassy
eroundmass, through those with fluidal mierocrystalline groundmnass
to those of very fine erystalline, in part granular, infersertal texture
and without recognizable flow structure. All the glasses have of course
been devitrified. Some of the flows are of fine nniform grain and
dense, while some carry in the microcrystalline or aphanitic ground-
nmass disseminated visible ceryvstals (phenocrysts) of feldspar, less fre-
quently pyroxene, or both. A muuber of the flows and most of the
fragments of the fragmental layers were originally more or less
charged with steam holes (vesicular structure) but these have every-
where been filled by secondary deposition, usually with quartz, some-
times with caleite, both often being associated with chlorite or other
minerals. Sometimes in the zone of weathering, this scecondary calette
has been leached out, leaving the rock with empty roundish holes.

In the unweathered portions of the rocks, not only are the steam
holes filled with mineral matter, but the original spaces between the
grains of the fragmental rocks have been obliterated by compression
and deposition, a very fortunate alteration for the rocks of a dam
site, as originally they were probably very porous.

Veining is very common in the unweathered samples. Thin stringers
up to veins several inches across have been observed. Such veining
is rather widespread but some belts are much more heavily veined
than others. The commienest vein mincrals are quartz and caleite.
Each may oceur alone, or hoth may appear in the same vein. The
quartz may be associated with epidote. Scattered grains, groups of
grains, and druses of pyrite are very common throughout the series.
These generally weather to limonite in the oxidation zone. A few
rotten streaks have been tound where a marked red color prevails.
These are probably the result of the oxidation of zones of concentrated
pyrite.

Oruer Rocks.

Aside from the various facles of the andesitic series above deseribed,
the only other rocks found were occasional dikes of younger intrusive
ieneous rocks, as follows:

In Hole 1 at about 30 feet, a medinum grained quartz diorite.

In Hole 1 between 180 and 187 feet ocenrs a more basie quartz
diorite.

In ITole 1 216 feet. a daeite porphyry.

In Ilole 2A about 74 feet, a dacite porphyry.

Tn Iole 6A 30-59 feet, diabase or augite-diorite.

In Iole 7TA 198-246 feet, dacile porphyry.
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GENERAL DIisTrIiBUTION 0F ROCK TYPES.

On the west side at, or near, the Sacramento River, the roek is an
agglomerate. As there is little soil, and the exposed rocks are fairly
fresh, the strueture is easily observed. The andesite fragments lie in
a green base in which the original open pores have evidently been
obliterated by compression and mineral reorganization.

At about 750-755 feet in elevation, a fine grained rock comes in,
that has become more or less schistose and in part may be called e¢hlorite
sehist. It does not stand out in prominent outerops above the soil as
does the agglomerate,

Near Ilole 3 and the triangulation station oceurs an amygdaloidal
andesite,

Commeneing at the road and running up to 860-870 feet in eleva-
tion, the exposures are mostly dull ochreous friable ‘‘shaly’’ meta-
andesites, whieh are followed by more amygdaloidal andesites rather
badly weathered.

At about 930 feet greenstone sehists are again encountered, followed
in the high shoulder at 1000 to 1200 feet by rocks showing rather
prominent outerops of agglomerate weathering out like the ‘‘gravestone-
slates’” of the foothill belt of the Sierra Nevada. Some of the project-
ing masses are 25-30 feet high.

The quartz diorite and daecite porphyry dikes were not observed on
the surface but found in the drill cores.

To the ecast of the river the rocks arve at first well exposed and with
little soil. Distinet porphyritic and amygdaloidal forms of andesite
occur, and near the river, a band of chlorite schist. Farther up from
the river the rocks are more soil-and-vegetation-covered than on the
west side, and the types are harder to follow, although occasional out-
crops oecur. As one goes up, however, fragmental types become more
and more dominant, to the end of the surveved section.

A thick diabase (or augite diorite) dike was observed both at the
surface and in core samples, and also, one of dacite-porphyry.

PriysicAL CHIARACTERISTICS OF TIIE ROCKS.

In the unweathered state most of the vocks of the dam site zone are
firm and their textures tight. The only slightly schistose types and
the massive types, which together make up the greater part of the
section are strong and tough. The more schistose, especially the best
developed chlorite schists are comparatively weak, but held firmly
between the stronger layers, are sufficiently resistant for dam purposes,
considering the thickness that will be involved. There are no readily
permeable, or typical water-bearing strata in the series.

As the series is built up of layers which have been tilted up to not
far from vertical (unsually 20° or less), these lavers lie in belts, and
these belts run in general roughly parallel to the Sacramento River.
On the high shoulder (1200 feet in elevation) in the west they strike
N. 40° E.; at about 1000 feet in elevation, N. 46° E.; at 930 teet, about
N. 50° Ii.; near the river, N. 15° E. to N. 18° E. Going north from the
line of drill holes the strike turns more to the east, and carries the
formations on the west side across the river. Values of N, 53° E. and
N. 60° E. were obtained on this turn.
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This strueture is not as favorable as one at right angles to the river
would be, as the lines of the layers and of shearing are in general
transverse to the dam and the water pressure is exerted along these
lines. However, the filling of the seams and crevices by secondary
deposition makes leakage along these structural planes improbable
below the weathered zone.

The effect of the strueture is very noticeable near the surface espe-
cially on the west side where the roek is weathered more deeply than
on the cast side, as for example about Hole 2 rotten and friable streaks
are shown down to a depth of 50 feet and the rock is weathered and
oxidized to a depth of 60 to 70 feet. Such belts run parallel or roughly
parallel to the strike.

These highly oxidized and weathered streaks are the weakest parts
of the whole belt. Fortunately their extent is limited and they may
readily be recognized by their color, and the ease by which they can
be dug or picked out in a ernmbling mass. They are both physically
weak and subject to percolation. In most places they are shallow, and
near the river, where the water pressure would be greatest, the erosion
18 too recent for snch weathered products to have formed. This mate-
rial should all be removed in stripping the dam site.

CONCLUSIONS.

In my opinion the geological and topographic conditions combine
to produce a very satistactory dam site. The massive spurs that
extend out toward the river, are underlain by firm rock, the original
molar spaces of which have been elosed by pressure and mineral deposi-
tion and offer good foundations for a dam.

A certain amount of percolation may take place along shear zones
and other struetnre lines in the formation, bnt as far as the firm,
nnweathered rock is concerned, it will probably be negligible. Care
will have to be used in the handling of the badly weathered belts, and
zones of shear as indicated above, but there is no reason to believe that
any difficulty from this source can not be overcome by reasonable pre-
cantions. The desirable depth of stripping will be irregular over the
dam site, varying from a minimum of a few feet in a belt 250 to 300
feet on either side of the stream channel to a maximnm of 108 feet on
a very limited area on the right abutment but in general it will range
from 10 to 50 teet.

The location of the Kennett dam as proposed in the engineering
report is the most suitable one in the vieinity of Kennett.

Yours very sincerely,

Aorgy. Hooastacd
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LETTER OF TRANSMITTAL.

Berkeley, California,
October 31, 1025,
From ; Walker IR, Young, Knginecr,
e Chief Engineer, Denver, Colorado,
Subject : Report upou Iron Canyon Project in Sacramento Valley, California.

1. Transmitted herewith is report upon investigations made of the Iron Canyon
project as provided for in the Cooperative Agreement of January 26, 1924, between
the United States Department of the Interior; the Department of Public Works,
Division of Engincering and Irrigation of the State of California ; and the Sacramento
Valley Development Association.

2. Many courtesies have been extended by those with whom the writer and his
associates have come in eontaet in the prosecution of the work. The writer wishes
to express his sincere appreciation of these courtesies, and to acknowledge the very
valuable assistance given, particularly by Mr. Wm, Durbrow, P’resident, Glenn-Colusa
Irrigation District; Mr. Frank Adams, Professor of Irrigation Investigations and
Practice, University of California; and Mr. R, C. E. Weber, Superintendent of the
Orland Project.

3. In connection with the preparation of material for the report, credit is due
Mr. W. A, Perkins, Associate Hydraulic Engineer, Division of lingineering and Irriga-
tion, State Department of Public Works, who made the principal office studies, and
to Mr. Paunl A. Jones, Assistant Engineer, of this Bureau, who had charge of all
ficld work and of the preparation of designs and estimates for the canal system.

4. Whether the best project to be found iu the Sacramento Valley, which may be
watered from Iron Canyon reservoir, has been selected for investigation is doubtful.
The studies made have therefore been presented in considerable detail in order that
duplication of work may be avoided in future investigations, Appendix A * accom-
panies thiree copics of the report only as the supply has been exhausted.

(Signed) WAaLKER R. YOUNG,
Eugineer, U. S. Bureau of Reclamation.

* Not included in printed report, to save space. Copy on file at office of Division
of Engineering and Irrigation and may be consulted there.
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SYNOPSIS.

Project considered. "The project considered in this report con-
templates the irrigation of a gross area of 276,900 acres of land in
Sacramento Valley, California, as indicated on Plates 1 and 2. With
the exception of T000 acres located on the east side of the valley oppo-
site the city of Red Bluff, the lands lie on the west side between Red
Bank Creck on the north and the Colusa-Yolo eounty line on the south.
Storage of surplus flood waters from the npper Sacramento draimage
area for the irrigation ol the project is to be provided in a reservoir,
having a gross capacity of 1,121,900 acre-feet, created by the construe-
tion of a concrete gravity dam in Iron Canyou, at a point about four
miles upstream from Red Bluft, The dam would raise the water sur-
face 152.5 feet above low water in the river. Under the proposed plan,
757,300 acre-feet of this storage, less evaporation, is annually available
for nrrigation of the project which, angmented by natural stream flow
in the early months, provides a net annual irrigation draft of 800,000
acre-feet.

The proposed project is long and narrow, having an airline length
of about 100 miles and an average width of but four and one-half
miles, the latter varying from one-half’ to eleven miles.

It is proposed to nrigate the small area east of Red Bluff by direct
diversion from lron Canyon reservoir, while lands on the west side are
to be served by diversion from the Sacramento River at the mouth
of Red Bank Creek, six and one-hall miles downstream from the storage
dam, diversion being effected throngh the construetion of a movable
crest type of dam at that peint. Ninety-four thonsand four hundred
sixty-six acres of the gross area on the west side of the valley will be
served by pumping from the main gravity canal.

Development of power, while of secondary consideration, is an
important phase of the report, since it affords a means of partially
financing the undertaking. The plan proposed includes the construe-
tion, at the storage dam, of a hydro-clectrie plant of 110,000 h.p.
installed capacity and a smaller plant of 10,400 h.p. capacity on the
main canal at Mooney Island Slongh, 4.7 miles below the diversion dam.

Purpose of investigation. The investigations were made, at the
request of the Sacramento Valley Development Association and the
lron Canyon Project Association, for the purpose of determining the
feasibility and probable cost of a project supplied by a low-line canal
receiving its water from the Sacramento River at some point down-
stream from the storage dam, rvather than through a high-line canal
diverting from Iron Canyon reservoir as proposed in previous reports.
Copy of the request, dated November 4, 1922 is attached as Exhibit 1.

Authority for investigation. Anthority for the invesfigation is
contained in a cooperafive contract of January 26, 1924, cntered into
by the United States of America, Department of the Interior; the
Department of Public Works, Division of Engineering and lrrigation
of the State of California; and the Sacramento Valley Development
Association ; attached as Exhibit 2. The agreenent covering the plan
of procednre to be followed in the investigation is attached as Xxhibit 3.

Cooperation received. The State Department of Publie Works,
Division of Eneineering and Irrigation, has cooperated in the investi-
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gations made, a representative of that department having been assigned
to the work. This report, although made in cooperation with the State
Department of Public Works, has been prepared independently of the
State’s comprehiensive investigations of its water resources. Due to
the necessary limitations of the endeavor, it has not been possible for
engineers of the Burean of Reclamation to study the State’s plan for
coordinated development and control of water for irrigation, naviga-
tion, flood control, salt water control and the gencration of eleetric
power in the Sacramento and San Joaquin vallevs. It is believed,
however, that whatever is done shonld follow a carefully coordinated
plan.

Office work. Ileadquarters for the investigation of the Tron
Canyon project, and of the proposed salt water barrier below the con-
fluence of the Sacramento and San Joaquin rivers, were established in
Berkeley, California, on April 19, 1924, the writer being in direct
charge,

Mr. W. A. Perkins, associate hydraulic engincer, representing the
State of California, Department of Public Works, Division of Ingin-
eering and [rrigation, was assigned to the Berkeley office on July 21,
1924, at which time the office studies were taken up. The principal
studies made were those of irrigable area, soil classification, wafer
supply, feasibility of increased storage, and power development.
Although studies of water supply had been made in the ecarlier
investigations, it was necessary to make a complete new study for the
reason that conclusions drawn from the former reports should be modi-
fied to inelude the season 1923-24 during whieh {he run-off from the
Sacramento River drainage basin was the lowest of record.

Field work. Ifield work in conmection with the investigations
was started on July 29, 1924, with Mr. Paul A. Joues, assistant engi-
neer, U. 8. Burean of Reclamation, in charge. A preliminary stadia
survey was made of a total of 232 miles of canal line and, in addition,
a topographic survey of the diversion dam site was made. The field
work was completed on November 30, 1924, while the estimates,
on account of more urgent work on the salt water barrier, were not
completed until October, 1925.

Cost of investigation. Through the provisions of the contract,
the sum of $10,000 was made available for the investigation. A state-
ment of cost of investigations to date will be found in Exhibit 4. A
detail statement of the cost of the investigation covered by this report
will be found m Exhibit 5.

Data filed. Original computations, maps, reports, and corres-
pondence relative to the investigations, are filed in the office of the
Chief Engiueer, 1. S. Burean of Reclamation, at Denver, Colorado.
Miscellaneous field note books, canal profiles and eross secetions used for
estimaling purposes, as well as copies of compulations made in the
preparation of this report, are filed with the State Department of
Publie Works, Division of Engincering and lvrigation, at Sacramento,
(falifornia.

Diamond drill cores, obtained in former investications of founda-
tion conditions at the various dam sites in Iron Canyon, are stored at
the Orland project headquarters office at Orland, California.
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SUMMARY OF RESULTS.
Duty of water. The irrigable area is assumed as 85 per cent of the
gross area within the project. The general classification of crops, and
the assumed net duty of water on the land, are as follows:

Crop Net duty of woter
1 R RO W -~ o o e 5.0 acre-feet per acre
Gieneral erops . ___________________ 2.7 acre-feet per acre
(e o S e S S e P 1.5 acre-feet per acre

Of the rice area, it is assumed that not more than 75 per cent will
actually be planted to riee in any one year, the remaining 25 per cent
being either fallow, or planted to crops not requiring irrigation, in
order to prevent a ruinous growth of aquatie plants,

The average net duty on the total irrigable arca is 2.58 acrce-feet
per acre, while the gross duty, including transportation losses, is 3.4
acre-fect per acre.

The rainfall in the vicinity of the proposed projeet is normally about
20 inches. The rainy season usually begins in November and ends in
April or May, with practically no rain during the swummer months,

Water supply. The water supply for the project will be derived
from the 9258 square miles of Sacramento River drainage area above
the storage dam site in Iron Canyon. The average seasonal run-off
measnred at that point is ronghly 10,000,000 acre-teet. During the
1923-24 season, the measured run-off was 2,972 000 acre-feet, the least
of record and only about 30 per cent of normal. Filings for diversion
and for storage in behalt of the [ron Canyon project have been made
with the Diviston of Water Rights, State Department of Public Works.

The irvigation season is assumed to begin in March and end in
October, the maximum demand for water being in July when 22 per
cent of the seasonal supply would be delivered. The main canals are
designed with a capacity of 115 per cent of the average July flow to
allow for daily peaks.

In the study of water supply, it has been assumed that the monthly
distribution of water to supply prior rights would be upon the same
basis as for the proposed project; and that the demand in July wounld
he at the rate of 6000 second-feet, provided that amount were in the
river above the storage reservoir. Upon this basis, the amount of water
required annually to supply prior rights is shown to be 1,677,000 acre-
feet. The run-off, and the assumed requirements of prior rights and of
the Iron Canyon project, are shown graphically on Plate T.

Studies indieate that in the season of 1923-24 there wonld have been
a shortage of less than 4 per cent in the water supply for irrigation of
the project, the only shortage which would have occurred in the 29
vears of record.

No advantage is taken of the auxiliary water supply which might be
derived from Coast Range streams crossed by the main canal, pumping
from wells, or ntilization of return water.

Power. The assnmed average monthly demand for power, in
per cent of the annnal demand, as shown on Plate 9, is based upon
data furnished by the Pacific Gas and Eleetrie Company for Sacra-
mento Valley.
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According to the proposed plan, all water to satisfy prior rights and
the project requirements becomes available for power development at
Iron Canyon dam. Of the total reservoir capacity, 364,600 acre-feet
are reserved for the purpose of creating a minimum statie head of 115
feet at the dam, the maximum being 152.5 fect.

Had a plant been in operation during the 29 years for which there
is a record of run-off, the average amount of power gained by passing
the project irrigation water through the plant would have been
94,313,700 k.w.h. per year, with 80 per cent efficiency at the switeh-
board. The total average annual oniput of the proposed Iron Canyon
plant would have been 584,890,000 k.w.h. and the plant would have
been in operation, at full eapacity, an average of 53 per cent of the time.

The proposed plan contemplates the diversion of 3640 second-feet of
the prior rights water to be carried in the enlarged main projeet canal
to Mooney Island Slough, 4.7 miles below the diversion dam, where
31 feet of static head may be developed. An average annual output
of 59,333,000 k.w.li. would have been possible had a plant at this
point been operated at 80 per cent efficiency during the 29-year period
studied.

The combined average annual gross output of the two plants, there-
fore, wonld have been at the rate of 644,223,000 k.w.h., had they been
in operation in connection with the proposed irrigation project under
conditions of full development. Of this amount, about 60 per cent
would have been primary power and 40 per cent secondary. In the
estimates, the assumption is made that 90 per cent of the primary and
55 per cent of the secondary power could be sold at the switechboard to
one of the distributing companies whose transmission lines pass within
a few miles of the proposed plants. At 4 mills per k.w.h., the average
annnal revenue from the combined output of the two plants is estimated

to be $1,963,400.

Distribution system. It is assumed that 60 per cent of the lateral
system, the larger pumnp canals, and all but the upper 4.7 miles of
the main canal will ultimaiely be lined; but the cost of linine the
main canal might be deferred for several years, operating fthe canal
during the early development of the project at about two-thirds of
its capacity lined. Istimates are based npon the assumption that all
structures are of the highest type of concrete and steel construetion.
Siphons to carry the canal under water courses will be an expensive
item of construction because of thelr number and the shallowness of
the channels, which are proportionately wide.

Probably the most difficult problem presented is that of wasteways,
for the reason that most of the water conrses erossed are only shallow
depressions which in many cases are cultivated. There are no well-
defined natural channels between miles 64 and 120, making it necessary
to provide artificial waste channels. As the main canal parallels that
of the Glenn-Colusa Irrigation Distriet, means must be provided for
carrying waste water from the Iron Canyon canal under the distriet
canal.

Project drainage. 11 is probable that none of the area north of
Stony (reek, and that only a part of the area to the south will
require drainage, but, in the absence of accurate classification of areas,



T4 WATER RESOURCES O CALIFORNIA,

it is assumed that the eost will be distributed equally over the whole
project. Perhaps 75 per cent of the cost of the drainage system could
be deferred during the first few years of projeet operation.

Cost analysis, assuming noninterest bearing money. In all that
follows, 1t is assumed that there will be a market for that portion
of the power which, in the studies, is assumed to be salable. The
demand for power is inercasing rapidly and it is believed that, in
normal development, the increase will continue.

It 1s shown that the revenue from power, gained by raising the
water surface in the storage reservoir, is more than sufficient to pay the
cost of installing gates on the spillway erests for that purpose.

It 1s shown that the saving in excavation of the first 4.7 miles of
main canal, made by building the diversion dam to raise the water
snrface 15 feef, is more than sufticient to pay the increased cost of the
diversion dam. The saving is estimated at about $568,000.

Building the diversion dam to raise the water surface 15 feet, results
in a saving of about $20,000 per vear in pumping to the Red Bank unit,
i it be assumed that power for that purpose is bought at $0.01
per k.. h.

The saving, effected by building the first 4.7 miles of main canal
untined, is shown as about $:316,000.

The power gained annually by passing the project irrigation water
through the power plant at the storage dam, which was not possible
in the plan proposed in former reports, is estimated to be about 94,300,-
000 k.aw.h. Projeet pumping requires 18,900,000 k.w.h. The average
annnal surplus is estimated at $166,000.

The increased cost of construetion to provide for development of
power at Mooney Island Slough, is shown as about $1,591,000; but
the net annunal revenne derived from the sale of power generated at
that plant, at 4 mills per kaw.h.,, is about $166,000, or over 10 per cent
return on the investment.,

It 1s shown that the revenue to be derived from the sale of power
would, after deducting operating expense, repay the construction cost
of all power, storage and diversion features in 20 years; and, in addi-
tion, tfurnish a surplus which might be used to help repay the cost ot
fhe distribution system. The surplus is as follows:

|
Sale price perk. W oo oyiaiains $0.003% ‘ £0.004 $0.0015 50,005 £0.006

ARDVALBUEPIOR, | cccvn cvae s nimninss §2,987 $248 409 \ 3493831 §739.253 #1,230,097

A—Estimated project cost, assyming noninterest bearing money, and
repayment of construction cost in 20 years. Cost assessed agains!
95 per cent of the gross area within the project.
(a) Gross cost, neglecting revenne to be derived through the sale
of power:

20 annual installments

Totul cast Cost per
263,053 «

Operation and Total

Construetion :
; malntenance |

$56,140,517 3213 .41 210.67 83,00 $13.67
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(b) Net cost, erediting the revenue from the sale of power to the

project:

Net constroction repayments 20 annual installments

Sale price of power per k. w. h.

Per acre, Operation and

Tatal 263,055 acres | Construction | maintenance Total
= oo = e
e~ = ‘ ‘
SN oo i e - e £23.123,582 $87.90 $1.40 $3.00 37.40
445 mills. . SO T o 18,215,142 ‘ 69.24 346 3.00 G.46
T T S 13,306,702 50.59 2.53 3.00 5.53

(¢) Comparison of net cost per acre, including O. and M. charges
on various project units:

Annual repayment per acre afier erediting
Arca assessed power at rates per k. w. h. iadiented

Project unit -
B | inacres

t mills 415 mills ‘ 5 mills
Whaleprojeet ... ... .. | §7.40 £5.53
West side gravity. .. | 620 1.43
Red Bank puap unit .. . oooii v e e Ad ) 0,17 7.30
Pugsp units near Orland.. . ooesssmos v o - 10.26 8.39
Pump unif southof Willows. .. ............. .. 0.59 7.72
ESatside gravilte = Y o o e $.19 e.%0

(d) Deferred charges. The charges which might be deferred by
postponing construction of 75 per cent of the project drainage system
and the lining of the main canal, is estimated at $41.11 per acre, equiva-
lent to $2.06 per acre per year, which, considering the whole project,
would reduce the anmual payments during the first few yvears of project
operation to the following:

Net annual repayment
per acreatter dedueting

Sale price ol power;
4millsperk. w. h. ...
444 mills per k. w. h..
Somills per k. w. h.. .

deferred charges
5.4
440

347

B—Eshimated project cost, assuming that {he storage and power
featwres are constructed with interest bearing money, thus reduc-
ing the amount of noninlerest bearing money lo that required n
the construction of the balance of the project.  Cost assessed
against 95 per cent of lhe gross area within the project.

Estimated eost of project - _____ .. $56,140,317
Estimated cost of Iron Canyon reservoir, power plant, and

Mooney Island power development 26,363,810
Estimated cost of canal, distribution and drainage systems,

to be built with noninfterest bhearing money___ 20,776,507

In the report it 1s shown that upon the assumption that construetion
of the Iron Canyon reservoir, power plant, and Mooney lIsland power
development would cover a pertod of five vears; that money would be
available at 5 per cent interest, componnded semi-annually; that the
cost, would not exceed $26,363,810; and that the [ron Canyon rveservoir
would be permitted to exercise a water right for generating power prior
to any npstream reservolrs not vet constructed; and that the net
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revenue derived from the sale of power at 4 mills per k.w.li. would be
applied in the repayment of construction costs; the entire indebtedness
($26,363,810) could be repaid in fifty-three years after beginning
construction.

Estimated cost of the balance of the project:

20 annual installments

Cost per acre,
‘ 263,035 acres

Tatal cost

1
Operation and Total

Construction :
| maintenance

|
220,776,507 $113.20 ‘ 33.60 33.00 38,66
With deferred charges dedueted. .. ..., ... 20001

|
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CONCLUSIONS.

1. There is need for a supplementary water supply for the successtul
growing of most crops in Sacramento Valley.

2. It is apparent that further irvigation development in Sacramento
Valley without storage facilities is not feasible.

3. The proposed Iron Canyon reservoir is so located that it may
serve any part of the Sacramento Valley. Therefore, the selection of
a projeet should be made only after studies of alternative areas have
been completed. The project studied is planned with the idea of dis-
tributing water stored in Iron Canyon reservoir over the nearest avail-
able area on the west side of the valley,

4, The project studied is essentially a water conservation project,
sinee in a dry year approximately 90 per cent of its water supply is
drawn from storage.

5. The relatively high duty of water assumed in the studies is
believed to be justified by the comparatively large rainfall, and by the
fact that some erops have been raised in the vicinity of the proposed
project for the past 50 years, or more, without irrigation. The duties
assumed are based upon a fully developed project and are not to be
expected on individual tracts during their development.

6. The question of prior rights and the possible outcome of an over-
ruling of section 11 of the Water Commission Act, dealing with ripa-
rian rights, is one for serious consideration in the study of any project
in the Sacramento Valley.

7. Although during a low season, such as that of 1923-24, about 90
per cent of the project’s supply would come from storage, the ade-
quaey of the supply will depend upon decisions of the courts relative
to the right of riparian owners to store flood waters by exercising their
riparian rights, and upon what action the federal government may
take relative to the release of water for navigation on the Sacramento
River.

8. On account of the long carriage system, without regulating reser-
voirs along the line, the rotation system of irrigation is the most prae-
ticable for adoption on the project studied.

9. Without power development as a means to repay the construe-
tion cost, the projeet appears to be infeasible under present conditions,
on account of its high initial cost.

10. Potential primary power at the Iron Canyon plant should
increase as addifional reservoirs farther upstream are built in the
process of mormal irrigation and power development; provided, the
Iron Canyon reservoir is permitted to exercise a water right prior to
any upstream reservoirs not yet construceted. Indications are that the
demand for power will continue to increase.

11. Estimates of cost are based upon present prices of material and
labor. The effect of a change in the amount and value of power whieh
it is assumed can be marketed is an important consideration.

12. It is probable that in the final location of the main canal to serve
the area studied, adoption of canal sections and grades other than those
used in the preliminary location would result in a saving in cost.

13. Floods for some distance below the storage dam could be
reduced materially through skillful operation of the gates. Bearing
in mind, however, that the use of the reservoir for flood control should
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be secondary to its primary use for storage of irrication water and for
power development, it is doubtful whether less precaution should be
taken in maintaining protective works. Lmproper operation of the
gates might, and in a dry season wonld, result in serious shortages in
water to supply the vequirements of both irrigation and power develop-
ment. Some of the daugers attendant upon an endeavor to use the
reservoir for flood control are demonstrated in the report but conclu-
stons as to the flood control values of the [ron Canyon reservoir are
deferred until the completion of the general study by the State of
California on the control of floods by reservoirs.

14. Although it is evident that the construction and use of [ron
Canyon reservoir in the manner proposed would be of no direct benefit
to navigation on the Sacramento River, it Is not apparent that the
effect would be seriously detrimental.

15. By sacrificing the power teature at Iron Canyon dam, the reser-
voir could be used to prevent the encroachment of salt water into the
delta region. 1f the reservoir were nsed for this purpose, the water,
which with the power feature included 1s reserved in dead storage to
create power head, could be released during the critical period in the
amount necessary to act as a natural barrier against the encroachment
of salt water. Suech use would benefit navigation to some extent, but
would make the development of power infeasible, thus destroying the
power valuc of the reservoir as a means of partially repaying the con-
struetion cost.

16. For several years, during the development of the irrigation
project and power market, it might be practicable to utilize the reser-
voir to the benefit of navigation and for the partial, if not complete,
control of the salt water menace in the delta.

RECOMMENDATION.

1f a large projeet in Sacramento Valley is considered feasible, and
desirable, it is recommended that further investigatious be made of
other areas which might be served by Iron Canyon reservoir in order
that a judieial selection of the area to be included within the project
may be made. Several projects which may have merit are described in
the report. 7

Warkur R. Youxg,
Engineer, U. 8. Bureau of Reclamation.
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KEY TO PROJECT MAP—PLATE 2.

79

The figures shown on the left side of the map vepresent the avail-
able gross irrigable area within a pumping unif, or that under the
gravity canal hetween points indicated by italies on the line of the
proposed canal. Subtotals are shown at the Glenn-Colusa county line
with the idea that the narrow area south of there, might, in future

studies, be replaced by other areas.

Italies on the canal line indicate the points at which a change in
canal cross-section is made. The designed capacities of the various fea-

tures are as follows:

Letter Feature
A Liast side canal diverting at Tron Conyon dum
B | Intake gites ab diversion datii, . .. .ooori o i s
1B P'umping plant. . . L
B-C | Maincanal.........
(i Mooney Island power plant. ... . ... ... ... o

(00 10T TN S L N T 04,

D | Pumpingplant... .. ...
D-I. | Maincanal..........
E-F | Maincanal.....
r Pumping plant. . .... ...
' Anxiliary pumping plant seeond Wft. ... ...
-G o it r | I e I e N
G-H | Mainesanl. .....ooooii e

G-H Pumping plant. . .. ... ... .. .. ......... e i
H-1 N D A e T e o T e S
-1 BRI . il i i e KR
H-l IR IR L L L 5 oot i 8 it o S o

I PR BISAL. . osonan oo s s it

1-7 Mamoesnal. i, oo e

J-K Maineanal. ... ... ...

R I A R N e eeet TR cph e breimrotn s b Bk B e e b st
1. End of main canal for project studied.

Des ‘umed
ecapacity,

second-feet

87
7,000
371

6,578 normal
3.640 normal
2,864

131

Cross-seetions of the canals, except that on the cast side, are shown oy Plate 23,
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WATER RESOURCES O CALIFORNIA.

INTRODUCTION.

Rarly investigations. A large project in Sacramento Valley has
been under consideration by the Burecau of Reclamation since its incep-
tion in 1902. In all, five investigations have been made, from which the
proposed Iron Canyon project is the outgrowth. Four of the investi-
gations were made under cooperative agreements with the State of
California, development associations, or both.

[nvestigations made during the period 1902-1904 included a general
reconnaissance of the entire river basiu, the secarch for reservoir sites,
the gaging of streams, and the approximate defermination of the arcas
of irrigable land. The work was carried on in cooperation with the
State of California and in harmony with the work done by the topo-
eraphi¢ brauch of the Geological Survey in mapping the valley lands,
and also in harmony with the Bureau of Korestry of the Department
of Agriculture.

Work was taken up again in 1909, but not completed. The results
and conclusions veached at that time are contained in Report No. 1281,
7. S. Senate Committee on Irrigation and Reclamation of Arid Lands,
Nixty-first Congress, third session. The project included approximately
160,000 aercs of irrigable land. It was proposed to provide at Iron
Canyon a reservoir baving a maximum capacity of about 260,000 acre-
feet, of which approximately 150,000 acre-feet only would be available
for irrigation. 'This storage, however, was to be supplemented by a reser-
voir on the upper Pit River in Big Valley, bringing the total avail-
able for irrigation purposes up to about 400,000 acre-feet. The average
estimated cost per irrigable aere is given as $111. The possibility of
developing power at, the lron Canyon dam was recognized although
no advantage was taken of it to reduce the estimated per acre cost of
the project.

1914 Report. In the summer of 1913 certain ecitizens of Sacra-
mento Valley again took up the matter, urging further investigations
for a more definite estimate, and at that time it was proposed to
increase the height of the dam in Tron Canyon to provide storage for
a larger arca. An agreement was enfered into between the United
States and the [ron Canyon Project Association which provided for
further investigations. The results of these investigations appear in
published report of November, 1914. The project proposed con-
templated the irrigation of as much as 300,000 acres of land in the
upper Sacramento Valley and a reservoir of 709,000 acre-feet gross
capacity to be ercated by a dam 1 Iron Caunyon near Payne’s Creek.
Development of approximately 50,000 horsepower of electrical energy
was an incidental feature. The estimated cost per acre irrigated is
given as from $37 to $73 for the varvious alternatives, depending in
part on certain assumed valnes to be given for water power develop-
ment.

1920 Report. The investigations and drilling done at the dam site

in 1913-14 indicated foundation conditions not altogether satisfactory
and among other things a board of review recommended a more com-
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plete investigation ol the projeet.  On May 5, 1919, an agreement was
entered into by the United States, the State of ((alifornia and the Iron
Canyon Projeet Association which provided for continuing the investi-
gations.  The results ol the work ave contained in veport dated May,
1920. This report contemplates a project of 225,000 acres net irrigable
area and a reservoir ol 640,000 acre-feet stovage available for irriga-
tion, created by a dam at what is known as the lower site in Iron
Canyon. The lands were to be supplied with water diverted at the
reservollr at an elevation of 87 feet above the water surface in the
river and carried to the lands in what i1s known as the West Side high
line canal. Development of power at the dam site was again incidental
to the plan, it being proposed to install generating equipment of 60,000
horsepower ecapacity. The cost per acre was estimated at $133.70.

1925 Report. Iloping that the cost could be reduced, proponents
of the projeet again urged investigation of a plan substituting a low
line canal diverting from the river downstream from the dam for the
high line canal, which it was said was expensive on account of the
difficult country traversed. 1t was further expected that the cost of
the project could be reduced through the sale of additional power
which might be developed at the dam by reason of the fact that all
irrigation water for the proposed project, as well as that to supply
prior rights and water for navigation, could, contrary to plans
previously eonsidered, be passed through the power honse.

GENERAL DESCRIPTION.

Sacramento Valley. Very complete discussions of the Sacramento
Valley relative to geography, topography, population, markets, climate,
and agriculture are contained on pages 1 to 27 of a report of the United
States Department of Agriculture, in cooperation with the University
of California Agricultural Experiment Station, ‘‘Reconnaissance Soil
Survey of the Sacramento Valley, California,”” by 1. O, Ilolmes, J. W,
Nelson and party, which is attached as Appendix A.¥  Other discus-
sions appear on pages 60 to 63 of Bulletin No. 6, ‘‘ Irrization Require-
ments of California Lands’’ published by the State of California,
Department of Publiec Works, Division of Engineering and Trrigation
and in Water Supply Paper 495 published by the United States Geo-
logical Survey which is a report upon the ““Geology and Ground Water
Resources of Sacramento Valley, California’’ by Kirk Bryan.

Project considered. The project selected for investigation was
adopted with a view to distributing the water to be impounded in Iron
Canyon reservoir over the nearest available area on the west side of the
valley, with the exception noted. Tt is recogmized that while the cast
side of the Sacramento Valley may be supplied with water from Sierra
Nevada streams, the west side must depend chiefly upon the Sacra-
mento River as a source ol irrigation supply.

As shown on Plate 2 the project, with the exception of 7000 acres
opposite Red Bluft, lies on the west side of the valley, being bounded
on the west by the foothills of the Coast Range and on the east by the

* Not included in printed report, to save space. Copy on file at office of Division
of Engineering anad Irrigation and may be consulted there.

6—00667
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Nacramento River north ol Stony Creek, and by the main canal of the
Glenn-Colusa Drrigation Distriet south of that ereek.

Lands. The lands ineluded within the project are privately owned,
and in soute cases have been cultivated for fifty vears or more without
irrigation.  The major part ol these lands was originally embraced
within large land grants of several thousand acres each, These grants
have been divided and sold uutil, at the present time, the proposed
project consists mainly of small farms.  There still remain, however,
a few farms of from five hundred to a thousand acres each.

Drainage. The topography and mnatural drainage of the area
mcluded within the proposed projeet are such that practically all of
the lands can bie irrigated.  The entire area slopes toward the Sacra-
wento River, and with the exception of the high avea cast of Corning,
which is exceluded lIrom the project as nonirrigable, the lands are well
adapted to rrigation by ordinary wethods. Natural drainage north of
Stony Creek flows dirvectly info the Sacramento River, but south of
Stony Creek it flows info the Colusa Basin, eventually reaching the
river throngh an extensive system of artificial drains.

Timber. Nearly all of the lands have been cleared of their natural
vegetation, except some of the bottom lands near the rviver, along the
first Torty miles ol canal line, whieh still retain patelies of willows, oaks
and sycamores.

Crops. On the irrigated lands, there is a wide diversity of erops,
including alfalfa, barley, oats, wheat, riece, melons, garden truck,
oranges, lemons, grapefruif, walnuts, almonds, olives, pears, prumnes,
erapes, efe.  Kxperiments in the production of cotton have been made
in the past few vears and {here is a growing impression, as a result of
these experiments, that there will soon be a thriving cotton industry in
the Sacramento Valley. On the unirrigated, or dry lands, wheat and
barley are raised with fair suceess. The rice, alfalfa and grain fields
afford pasture in the tall for large bands of sheep and cattle.

Present irrigation. The present irrigation consists mainly in
pumping from wells, with sonme diversions from small side streams
early in the spring.

)

Growing season. lnder average conditions the growing season
may be considered as beginning in March and closing in October. In
sonme years, however, water deliveries are made in February and
occasionally as late as November.

Transportation facilities and markets. The proposed project is
well loeated, recarding transportation and markets, and has a fairly
well developed system of voads and highways.  There are several
thriving small towns and cities on, and adjacent to, the area included
within the proposed boundaries of the project.

The main line ol the Southern Pacific Railroad runs north and
south throueh the project from IRed Bank Creek to Tehama, where it
divides into two lines, one crossing the river to Chico and Sacramento,
and the oflier continuing south through the project to connect with
the main line again at Davis, about forty miles south of the southern
extremity of the project. In addition, there are two branch lines
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that cross the project east and west.  No lands within the project are
more than five miles from a railroad.

The Sacramento River is navigable Tor a considerable distance above
the city of Sacramento and boats are at present operated on a regular
schedule between Sacramento and San Wrancisco, affording an outlet
for products by water.

A paved highway, which ts one ol the main routes from San Hran-
ciseo to Portland, Oregon, ruus full length of the project.  Nearly all
other roads within the project have either a gravel or paved surface.
The present system ol roads is about one-halt that needed fo fulfill the
requirements of a fully developed project.

Market conditions are very favorable, as the center of the projeet is
only 150 miles from San Franeciseo, which is the center of more than
1,000,000 population living in the San Francisco Bay region,

Cities and towns. The principal cities and towns located within
the projeet are Corning, near the north end; Willows, near the center,
and Arbuckle, near the south end. Other important towns on the west
side of the river, situated near, or adjacent to, the project, include Red
Bluft, Orland, Maxwell, Colusa and Williams.

Jased upon the 1920 census, the populafion of that part of the Sae-
-antento Valley lying between the proposed lron Canyon project canals
and the river is estimated at about 19,000. Of this nwuber approxi-
wately 13,000 are on the (lenn-Colusa and Orland projects. It is
estimated that of the 6000 remaining, 5C00 live in cifies and towns
within the Iron Canyon project and 1000 on larms,

Industries. The chiet industries are farming and dairying. Two
Jarge canneries, the Maywood and Ileinz, are loeated at Corning, the
chiet output being canned olives.

SURVEYS.

Scope of work. Since water impounded in Iron Canyvon reservoir
may be used for the irrigation of any part ol the Sacramento Valley,
either by gravity diversion or by pumping, consideration should be
given to alternative areas before the projeet is definitely located, and
the survey was planned upon that basis.  The contract under which
the investigation was made provides for a study of lands on the west
side of the valley only. The surveys made were intended to furnish
Tairly complete preliminavy field data for the irrigation of any parvt
of the arca on the west side of the valley north of Putalh Creel from
Iron Canyon reservoir.

Lines surveyed. A stadia location survey was made of the main
canal from the mouth of Red Bank Creck to Putah Creek, a distance
of 175 miles, including 7 miles of alternate trial lines. As shown on
Plate 2, the line held up to pass over the ridge formed by (fache Creek
is thrown into the foothills south of the town of Dunnigan. Con-
struction of a canal throneh these foothills would require heavy exca-
rations and numerous long flumes or siphons as indicated i the
accompanying photographs.® To avoid this the * Bird Creek Low Line”’
was run in the valley floor south of Dunnigan, assuming that water
for delivery south of Cache Creek could be pumped over ““The Ridge™’
back to the first line surveyed.

e

* Not included in printed report. Films on file in office of the Commissioner,
Bureau ol Reclamation, Washington, D
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A sinmilar survey was made of a high line canal from Red Bank Creek
fo Rice Creek, just north of the Orland project, to serve the area
hetween the foothills and the main gravity canal. The high line canal
would receive water by pumping from the Sacramento River at the
mouth of Red Bank Creck.

In April, 1921, a survey was made by the State Department of
Engineering of a canal on the east side of the valley, diverting by
pumping at a point about one mile south of Tehama, to serve an area
in the vicinity of Chico. This east side canal could be served by
gravity from the west side canal by siphoning under the river, and to
furnish data for the determination of the feasibility of this plan a
survey was made of a siphon c¢rossing joining the two canal lines.

As an alternative for serving lands in the vicinity of Arbuckle,
Woodland and Dixon on the west side by gravity, pumping from the
Sacramento River at Knights Landing should be considered. A survey
was therefore made of a line from Knights Landing up ‘‘The Ridge”’
to interseet the gravity line where it crosses Cache Creck.

All of the lines located, inclnding that on the east side surveyed by
the State Department of Engineering, are shown on Plate 2 although
funds were not sufficient to make investigations of areas other than
that shown in red. A total of 232 miles of line was surveyed.

Methods used in preliminary location. On account of the pre-
liminary nature of the investigations curves were not run in, an angle
survey being considered sufficient for the purpose. The line was
cross-scetioned at all changes in transverse slope. The profile as run
located the elevation of all important changes in longitudinal slope.
The traverse notes were recorded with both magnetic and aetual bear-
ings. Ties were made to all important features such as railroads, high-
ways, ete. The location and deseription of improvements, timber and
other features were obtained. In locating the canals the policy was to
keep clear of expensive right of way where possible.

Level control. Bench marks, established by the United States
Geological Survey at intervals of four and five miles throughtout the
valley, were used for level control. KElevations are given in United
States Geological Survey Bulletin 342 and Supplementary Bulletin
481, ‘‘Spirit Leveling in California.”” Very close checks were obtained
for the first forty miles. From mile 40 to Putah Creek there seemed
to be an inecrcasing difference between the levels and those of the
Geological Survey, acecumulating to the amount of 4.7 feet, the eleva-
tion at Putah Creek being 4.7 feet lower than the elevation given by the
Geological Survey. One foot of this difference is accounted for hetween
the B. M. one mile east of the line at the Hamilton Branch Railroad
and the B. M. 2§ miles north of Germantown, the location survey
benches having been checked and found eorrect. This leaves a differ-
ence of 3.7 feet which is not accounted for between stations 3418400
and 8860400, approximately .036 of a foot per mile. All other levels
have been checked and found correct. The difference of 3.7 feet is
not considered of particular importance in the preliminary survey, as
neither the area to be included within the project, nor the cost of con-
struetion would be affected materially, as the diserepancy oecurs prinei-
pally through a country of fairly stecp slopes. The discrepancy is
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mentioned here only as a guide to what might be encountered in final
loeation should the project be considered further.

Profiles of the lines surveyed, with miscellaneous data noted thereon,
are shown on Plates 23 and 24. Typical views along the lines located
are shown among the photographs® included at the end of the report.

Topographic surveys. A topographic survey was made of the diver-
sion dam site at the mouth of Red Bank Creek. The profile of the
river bottom was determined by soundings. The vesulf of the survey
1s shown on Plate 16.

PROJECT AREA.

Gravity and pumping areas. Of the total gross area of 276,900
acres within the project considered in this report, 7000 acres lie on
the cast side of the Sacramento Valley, opposite Red Bluff, This area
has heen ineluded within the project covered by previous reports and is
here ineluded for the reason that it is easy of access, lying immediately
below the storage reservoir, and as there is a strong sentiment for its
inclusion. Of the remaining area lying on the west side of the valley,
175,434 acres are served by gravity and 94,466 acres by pumping.

To cover the desirable areas of bench lands west of the gravity canal,
lying too high to be served by the latter, seven main pumping plants
and two auxiliaries are proposed. The location of these units, and the
areas of cach, are shown ou Plate 2. None of the rolling hill lands
along the west side of the valley have been included under the pumping
system, althougl miuch of this area will nltimately be valuable as
orchard land.

East side area. The 7000 acres lying on the east side of the valley,
opposite Red Bluff, are included in studies made by the State Depart-
ment of Engineering to determine the feasibility of irrigating lands
on that side of the valley from Iron Canyon reservoir. The report
1s attached as Exhibit 6 and the proposed canals are shown on Plate 2.

The quantity figures given in the veport are aceepted, but additions
are made to the estimates in order that they may be upon the same
basis as other estimates made in connection with the investigations just
completed.

Lands within the proposed project now irrigated. It is assumed
that 50 per cent of the lands within the portion of the project north
of mile 70 on the caual line to be served by gravity, but now irrigated
prineipally by pumping from wells, will come into the project and
that all other lands within the project, now served by pumping, will
come in. None of the lands within the boundaries of the Orland
project have been considered as receiving water from the Iron Canyon
canals, althongh this would be feasible if desirable. Areas within the
proposed project having a water snpply either by gravity or by pump-
ing according fo the 1922 irrigation wmap of the State are shown on
Plate 2 in green. lrrigators north of Stony Creek are at present
apparently very well satisfied with pumping from wells. Under-
eround water for irrigation of portions of the Tron Canyon project
can be secured in varying quantities by this means, but it has not

# Not included in printed report. Films on file in office of the Commissioner,
Bureau of Reclamation, Washington, D. C.
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been demonstrated that the needs of a fully developed system of agri-
culture can be supplied in this manner. [t is believed that, in general,
better results will be obtained under a canal system delivering a
predetermined amount of water at a fixed annual charge than under
a system of mdividual pumping, sinee in the latter case there is an
incentive to cut down the amount of water unsed by reason of the
cost. of power.

Limiting conditions. The project limits are fixed by the anount of
water available from storage rather than by the amount of land
available, and if the assumptions as to the acreage now irrigated that
would come into the projeet should prove somewhat in error, there is
an abundanee of other land to the sonth, and on the cast side of the
valley. that could be substituted without iaterially affecting this
estimated acre cost of the project.

Irrigable and assessed area. The percentage of the gross area of
276,900 acres that would actually conie under cultivation, excluding
roads, building plats, rough and high ground, creek bottoms, canals
and laterals is assnmed as 85 per eent, ov 235,365 acres. The percentage
of the gross area npon which return payments shonld be made, exelud-
ing creck bottoms of large dimensions, sueh as Stony Creek; and high
and rough land. elassed as either nonirrigable or nontillable, is assimed
as 95 per cent, or 263,055 acres. The areas excluded as nonirrigable
are shown hatehed on Plate 2.

Table 1 shows whaf has been accomplished on other projects in the
way of development of irrigable arcas within the project. Tt should
be noted that the projeets bracketed are in the Sacramento Valley,
adljacent to the proposed lron Canyon project, and that the net area
requiring a water supply s 85 per cent, the same as assumed for the
Iron Canyon project.

The following data, submitted by the project superintendent on
Javuary 31, 1925, arve lere eiven in explanation of the Orland data
appearing in Table 1.

ORLAND PROJECT—CALIFORNIA.

Total gross aven, including town of Orland, townsites, school sites,
and Stony Creek overflow lands .. - - 27,257 ucres
(iross area, excluding town of Orvland, and Stony Creek overflow lands 21,885 acres
Present irrigable area of project o e Tt s e 20.659 acres
[rrignble arca =76 per cent of the total gross urea.
=97 per cent of the gross aren. excluding town of
Orvland and Stony Creek overflow lands,

Taking those certain sections entirely ineluded in irrigable area
there are 10,345 acres irrigable in a gross area ot 10,781 acres, equiv-
alent to 96 per cent.

Tligh land, together with canal and lateral rvights of way, are
deducted trom the gross area.  County roads are included in irrigable
area; state highway is not included.

Canatl and Iateral rights of way on project —— 647 acres
Rowde ool Mghiwave o o = ESSSIe—— ot Tl
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TABLE 1. PORTION OF AGRICULTURAL AREAS THAT REQUIRE A
WATER SUPPLY —VALLEY FLOORS, CALIFORNIA.
(Builetin No. 6, rp. 70, 71.)

‘ Laael that

Al Net area
Ciross area “:‘ . '~"’} requiring
e e ithin the | ™ “""“. . a water
Asneulterad areas lh*“‘"‘ | w ‘A ¥ rl b4 E‘I” s SIHI_III\' i“
boundaries | N" ";‘ ¥ ontside of \(H'l'l\ per cent of
uhy i pnpul wtion gross area
| irrigation ‘
Acres Acres Acres |
Consolidated Irrigation District. ... ... . 151,500 3.000 141,073 ‘ a3
Fresno Irrigation Distriet. . ... ........... i 215,205 9,730 192,705 90
Mereed Irrigation District 150,000 10,000 170,600 90
Turloek Irrigatiot Distriet. ... ..... ..... .. 178,665 9,100 ‘ L0665 40
Modesto Irru!zltmn Distriet .. ... BI 183 7.183 S6
Orland Project, U8, R. 8. ... ... ... )7 | 1,823 \ 75
Imperinl frrigation Distriet ... .. ....... . 693,840 88,810 | 4 5 81
James [rr\m\m)u Distriet .. | 27,260 5,260 20,900 i
Glenn-Colusa Trrigation I)Mn(“ Jucinto lrr
tion Distriet; l‘rm\luut Compton-Dele
Maxwell Irrigation District, Williams Irriga-
B e e 167,685 18,100 7400 141,885 85
SoDWNSAR JURGUIES v, .. oo i as 7112 11,000 | 1z 53,000 5

SOIL CLASSIFICATION.

Studies made. The chiel study of soil classification was to deter-
mine the areas within the proposed project suitable lor rice ¢unlture,
since the large amount of water required for this ¢rop is an important
consideration in balancing water supply against project area. A
diviston of the lands within the proposed projeet into areas suitable
for geuneral crops, alfalta and orchards, was not considered necessary
for the reason that a large percentage of the soil, aside from that classed
as riee land, is adaptable to any one of the other crops. The division
will be influenced by cconomie conditions and by the personal choice
of the settlers more than by consideration of type of soil,

In the study of rice areas use was made of bulletins published by the
United States Department of Agriculturve, Bureau ol Soils, as follows:

Soil Survey of the Red Bluftf Arca, California.

Soil Survey of the Colusa Area, California.

Soil Survey of the Woodland Area, (‘alifornia.

These bulletins are simmarized i the bulletin accompanying this

report as Appendix A.* in which the classification used in the earlier
detailed reports has been modified to some extent.

Rice lands. 1In the studies made, only eclays, adobes and clay-
adobes were considered as vice land; it being assuwed that the large
amonnt of water required for this mop by other soils would gr: l(|lld“\
cause thelr elimination from the area devoted to rice culture. The
results of the study are shown in the following table:

* Not included in prinied report. to save space. Copy on file at office of Division
of Engincering and Irrigation and may be consulted there,
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TABLE 2. AREAS ASSUMED SUITABLE FOR RICE CULTURE.
Within the Boundaries of the Proposed Iron Canyon Project.

=
N (e S Soil ‘ (iross area Accumulated
U, 8. G. 8. quarlrangle sheet classification in acres ATew 1N DTS
Red Blul® area:
Wi o e e it Ka 1,195
Colusa ares:
WRERI. | - o wrciss oo oo o om0 B 6 RPN o7 B S oy N¢ 200
Wi 1020
erbeT: . . oo W R AR 205 i TR, Sse 50
OB, oo o b e e dln i NS 5 e Ne 15
Wa 280 |
120 acres irr.)
REGIR G UL . - o2 5 in parias gy 75 v sisints =Smnm im0 omsismmiane Foais | Wa | 100 |
DR & oo b LR L. R b bt & 4 etk me ket P A Ne 125
[ Wa 10,150
We 870 |
DX . s siwons i s s sy RONORGES (e 3 s 5 o Ne s
| Sse 115 ‘
Kurand. ... .. Wa 1,470
Togan Ceook. o0 R sl Wa 3,360
DIOBRIERI. & coui o e .2 e abiosis (s o103 ioce T8 i e AT 08 We 53 |
Wa 1,850 213,960
SRR oo - oo v sin o Eheies oy ol onslo s o LAVA IS4 b gl Wa 2,510 206,470
Ne 40
IR | - . s scamions e o sisioims wORED acn) oGRS 28R 8 s inua e Wa | 1,470
TRIEHOW: e -0 o et e T SRR A 5 A 5 Wa 5420
We 360 |
Ne 60
NNLTIROOM .. . . .0 oor o e o B0 0 Mimbaote e e s D L ey O F We 50 |
Wa 600

Woodland area: ‘

R S e e Wla ‘
e TR = R D R ‘ ;,:7{
a
IR L TR E———— R e L ‘ }“ ‘
a
(70 weres irr.)
OB, - . e o oomsiciopste oir oS o7 156 Ve S s o Sl e biGatt R(l 500
iy 6,793
3 200
T A S 280
B00
TPGRIY. St/ et s i e on e i e e Al 51 ‘ \ ?':Og | 54
Ju 52,53

Explanation of SoilJClassification.
o~ irkwood silty clay adobe.
Ne — Norman clay adobe.
Voo Willows elay adobe.
See - Haccamento silty clay.
We — Willows elay.
Wi Willows elay adobe.
Qe — Sacramento el adabe.

DUTY OF WATER.

Basis of assumed duty. The net duty of water assumed in the
preparation of this report is based on a eareful nse of water under
conditions of a fully developed project, with an efficient distribution
system and well prepared land. The duty assumed is not to be expected
in ihe carly vears of project operation during the period of Jand
leveling, soil reconstrncetion and development of farm water distribution
facilities. The net duty used is slightly higher than that used in the
1920 veport on lron Canyon project, bnt it is believed that the higher
duty is justified by the more recent data gathered by the State Depart-
ment of Public Works, Division of Enginecring and Irvigation, in the
preparation of the report to the legislatnre of 1923, on the Water
Resonrees of California.  The duty off water used in the studies
included herewith is that shown on page 62 of Bulletin No. 6 of the
ahove veport. In case of the dnty for rice lands, data werce sought
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which could be applied to the particular soils within the project
assumed to be snitable for rice culture. Tables 3 and 4 contain data
extracted’ from pages 38 and 59 of the Proceedings of the Sacramento
River Problems Conference, January 25 and 26, 1924, which it is
believed is applicable to the proposed Iron Canyon project.

TABLE 3. SUMMARY OF MEASUREMENTS OF DUTY OF WATER IN
RICE IRRIGATION IN SACRAMENTO VALLEY, SEASONS OF 1916,
1917 AND 1918, GROUPED BY SOIL TYPES AND ARRANGED IN ORDER
OF DEPTH OF WATER APPLIED.

Net use under usual practice,

\\'r:mgni area
Total ares Average net | served during
Soil elassifieatio ?h“"‘ 2 :J,r | included in depth of full ecason

WL IO nl\':- it ]" obervations, | waterapplied, | per eubic foot

PO ERNLTE weres feet dopth par second,
‘ acres
EROIN BRI & ey o 0 A E & formem ey 2 3 2.04 81
Willows ¢lay adobe. .. 7 b 4:22 72
Willowa el v 7 B, 5,08 70
Stocktan ebay adobe. ... 12 2 5.10 | )
BN CRD RO BN . oo S SRR S i 4, 8,72 l 3
Totaloraverage . ...t 32 21,419 | 4 .86

TABLE 4. RESULTS OF MEASUREMENTS OF USE OF WATER ON E. L.
ADAMS RICE FIELD, NEAR BIGGS, 1914-1917, AREA 39.5 ACRES; SOIL.
STOCKTON CLAY ADOBE.

Netouse on small field under the bast praetice, with soil fully adapted Lo rice, land well prepared, water completely
nnder control, and water prass kept in check,

|
Average area served per
TFull irrtgadion season Neat dupth cubic foot per second, nores | Yield per nere
of water | et T in eacks
— o applied, ‘ AVETREING
T feet Period of ‘ Whole 100 pounds
Year Yram submergence season®
‘ \
.| Apr. 29 to Oct. 12 1.065 68 ‘ 56 G0
| Apr.21toOct. 1 4.87 | 66 51 45
Apr. 13 to Sept. 30 4.27 70 b 3
Apr. 11 to Sept. 21 4.37 2 51 30
..................... 4.53 ' 66 53 40

*Only days water used during pre-submergence period considered in computing whole season,

Assumed duty. The duty of water assumed in the studies, exelu-
sive of transportation losses, except as noted, is as follows:

(a) On rice lands served hy eravity. Net area irvrigated, 85 per
cent of gross area. For arveas considered adaptable to rice enlture it is
assumed that 75 per cent of the net irrigable arca will be in cultivation
in any one year, resnlting in an area vequiring water of 64 per cent
of the gross area. Duty of water, 5 acre-feet per acre on the net arvea,
or 3.2 acre-feet on the gross area.

(b) On lands served by gravity other than rice lands.  Net area
irrigated, 85 per cent of gross avca. Twenty per cent of net area
planted to tfruit with a duty of 1.5 acre-feet per acre. Eighty per cent
of net area planted to alfalfa and gencrval crops with a duty of 2.7
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acve-feet per acre.  On this basis the net duty on the gross arvea, exclu-
sive of rice lands, is 2.1 acre-tfeet per acre.

(¢) ©n rice lands served by pnmping. Duty same as for rice lands
served by gravity.

(1) On Jands served by pumping other than riece lands. Net area
85 per cent ol gross area. Sixty per ¢enf of net avea planted to fruit
with a duty of 1.5 acre-feet per acre. Forty per cent of met area
planted to alfalfa and general erops with a duty of 2.7 acre-feet per
acre.  On this basis the net duty on the gross avea, exclusive of rice, is
1.7 acre-tfeet per acre.

(¢) On lands on east side of valley opposite Red Bluff.  Net area
85 per cent of gross arca.  Duly of water, 3.0 acre-feet on the gross
area, ineluding transportation lTosses.

Supporting data. As a check upon the above assumptions, Mr.
Frank Adams, Irrigation Investigations, United States Department of
Agriculture and University of California, was requested to make an
independent study of the project. The resnlts of Mr. Adams’ investiga-
tion is contained in his letter of Mareh 30, 1925, attached as Exhibit 7.
1Le makes the following estimate of classification and net duty of water:

Gravity systen—

Orchard and general crops - 25% 1.5 acve-feet
B0 i TE e ot e S 45%  2.75 acre-feet
T e e e SR e = 300 5.0 acre-feet

Pumping system—

Orchard and general ¢rops oo 509 1.5 acre-feet
VAT o P e T S S 40% 2.75 acre-feet
7 e e, e e e S 10% 5.0 acre-feet

Bxelnding the 7000 acres on the cast side of the valley opposite Red
Bluff, whieh was not ineluded in Mr. Adams’ survey, the water required
upon the basis of the duties and classification assumed in the report
(exclusive of canal losses) is H8),770 acre-feet.  Using the classifica-
tion and net duty snggested by Mr. Adams, the net water requirement
is fornd to be H86,780 acre-fect.

Althoueh Mr. Adams’ estimate of classification and duty of water
i« not identical with the assumptions made in this report, the total net
amount of water required for the projeet in either case is the same,
and this appears to be the important consideration. It is probable
that Mr. Adams’ estimate is the better.

On page 75 of Bulletin No. 3, “Investigations of the Economical
Duty of Water for Alfalfa in Sacramento Valley, California,”” which
is based on data gathered by cooperative agrecment between the Depart-
ment of Agriculture, California Stafe Department of Engineering and
the Agricultural Bxperiment Siation of the University of California,
it ix stated that a depth of water of from 30 to 36 inches annually is
the most desivable quantity of irvigation water 10 apply nnder general
Sacramento Valley conditions for the production of alfalfa. Taking
into consideration the fact that a portion ol the general field crops will
inelude such antmal erops as milo, grains other {han rice, melons, truck,
ete., which require less water than allalfa, it appears that the assump-
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tion of 2.7 acre-feet per acre as the annual net duty for alfalfa and
egeneral erops is reasonable.

It is difficult to predict the relalion between areas which will be
planted to general field crops and orchavds. Data for the Orland
Projeet ave given in Table 5.

TABLE 5. RELATION OF ACREAGE OF GENERAL FIELD CROPS TO
ORCHARDS—ORLAND PROJECT—1910 TO 1924,

I General field erops Orchards

Total — = e
Year acreage
irrigated \creage Ter cent Acreape Per vent
frrigated of total irrigated of total
|
703 503 1.4 200 2.6
2 663 2,300 | 89.8 277 10.2
3,878 9.7 }62 8.3
5877 88.8 730 | 11.2
5,362 86.5 992 13.5
26 83.2 1,502 16.8
i 8.6 2,002 2].4
10,592 82.0 335 180
12,060 §1.7 2,704 18.5
12,007 79.0 3,106 21.0
10,781 7.7 3,00 22.3
11,121 6.7 3,576 24 3
11,167 73.9 3,052 26.1
10,907 | 0.4 20.6
7.782 64 .6 ‘ 3

1,220 | 35

The large percentage of 28.6 appearing in 1910 is due to the fact
that there were several maiure orchards, operated in previons years
under dry farm methods, which constituted the orchard acreage for
that year and which were not a direet vesult of the project’s con-
struction.

The percentage of 353 in 1924 is explained by the abnormal
dronght conditions and water supply shortage which resulted in a less
amonnt of orchard acreage than general crops being omitted from the
irvigated area, because of the larger investment represented hy the
orchards.  They were given preference over general ¢rops in the use
of the limited water supply available.

It is readily conceivable that a higher percentage than 33} for
orchards may be expected on the Orland project, and in comparison,
it wonld appear that the assumption of 20 per cent ol the net area
of the Tron Canyon project gravity lands, exclnsive of rice lands,
planted to orchards is somewhat low. Tlowever, the assumption, if
in error, is on the safe side considering water supply and would tend
to offset any error resnlting from the assumption that 60 per cent of
the net area exclusive of rice lands under pnmping will be planted to
orchards.  The higher percentage assnmed in orchard under pumping
is predicated upon the assnmption that in general there is less danger
of frost on the higher bench lands than on lands nnder the gravity
canal.

A comparatively hieh duty of water is almost certain to result
nltimately in the Sacramento and San Joaquin valleys for the reason
that there is a very large area of highly desirable land in these valleys
with a Hmited water supply. Managers of irrigation systems have
been very active in making the water go as far as possible and in
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several eases hydrographers have been employed to investigate, and
repori, any preventable waste.

L

Comparison with other projects. Table 6 may be convenient in
comparing the proposed Iron Canyon project with other well-known
projects.  The average net duty of 2.58 acre-feet, resulting from the
assumptions wade, is somewhat lower than the desired net duty of 2.25
acre-feet per acre given on pages 29 and 63 of State Bulletin No. 6.
pon the other hand, the duty is higher than that of 3.00 acre-feet
per acre obtaining on the Orland projeet. The Orland project is
hardly a criterion for the ITron Canyon projeect, sinee the former is
sitnated upon the gravelly cone of Stony Creek and the soil, in gen-
eral, is more porous than that included within the Iron Canyon project.

In Table 8 the net duty on the irrigable area within the gravity
portion of the proposed project is shiown to be 2.79 acre-feet per acre.
This compares with 2.75 acre-feet adopted in the 1920 report, in which
a project served entirely by gravity is cousidered. The net dnty on
the total irrigable pumping area is 2.17 acre-feet per acre, the higher
duty being explained by the fact that a larger percentage of the pump-
ing areas is assumed to bhe planted to orchards than in the lower areas
served by gravity.

Rainfall. In comparing the Iron Canyon project with others, the
comparatively high rainfall in the locality of the projeet should be
considered.  Although the rains occur largely in the nonirrigating
season, they would have considerable effect in reducing the necessary
supplementary supply ol water. The mean seasonal rainfall in the
upper Sacramento Valley, in the vieinity of the proposed project, is
eiven in Table 7.

TABLE 7. MEAN SEASONAL RAINFALL—UPPER SACRAMENTO VALLEY
IN VICINITY OF JRON CANYON PROJECT.

Rainy senson waally bogins in November and ends in April or May, with practically no rain during the summer months.

*Mean
Number of

Station years of s“’}s?f'ﬁ!

record FaInIAl,

inches

R I ncis o £ & o vmaans 18 i R B T rersentenl S o ooy o 2 iy B 2 e R 44 25.19
TRURIOR, =7 i 2 RE arimow a3 41 20.53
Willowh o octiiiasiin ass bif 42 16.65
o7 SR 38 18,02
DORnIE: + <o s e 34 20.59
Chico. 50 23.78
QoMM & aieenmniiiinn 40 16,12
4107, Y- N Sa—————————— N S — 39 20.27

“Senson is from July 1 to June 30, Records include the season 1920-21.

Project development. The development of the projeet will prob-
ably be gradual for two reasons: first, the area within the project is
large, and, seccond, the fact that much of the land has, with some sue-
vess, been dry farmed to grain in large tracts can not be overlooked,
and old settlers will probably not be easily convineed that ivrigation on
smaller fracts would be as easy, or profitable, Studies of irrigation
development in California, recently completed by the Irrigation Sec-
tion ol the Commonwealth (‘Iub, show that in 1924 the area actually
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irvigated in California was 76.5 per cent of that Tor which irvigation
works were construeted.  The relation tor Burean ol Reclamation
projects is shown to be 75 per cent, and il is said that in general
70 per cent utilization is reached in about 35 years under normal
development.

It is believed that the gradual development anticipaied for the [ron
fanyon project will give opportunity for the attainment of a compara-
tively high duly ol water, since the lands coming into the project in
its early development will have become adapied to a high duty long
before the projeet is fully developed. Gradual development should
not be detrimental to the economic feasibility of the project, as the
storage dam, diversion dam and power features, should be self-support-
ing through the development and sale of power; and in the construction
of the canal system the conerefe lining. and much of the drainage
works, ¢ant be deferred so that the cost of the nltimate project need not
be inenrred in the eavly stage of development.

Water requirements. The water assnmed to be required by the
project is shown in Table 8.

EXPLANATION OF TABLE 8.

Column 1, Tabulation of the gross irrigable arcas, less one-half the areas now
under irrigation under the proposed gravity lines to Sta. 3674400. "There is very
small amount of irrigated area below this point and it is assumed that practically
all this will come into the project. No deductions were made for irrigated lands
under proposed pumping units. See Plate 2.

Column 2, Tabulation of the gross areas classificd as rice lands.

Column 3, Tabulation of one-half the irrigated areas to Sta. 36744-00 which were
deducted from the gross irrigable area.

Column 4, Tabulation of the net areas based on 859% of the gross areas included
in the project.

Column b6, Tabulation of net acre-feet duty on gross arcus based on 3.2 acre-feet
per acre for rice lands and 2.1 acre-feet per acre for other lands under gravity and
1.7 acre-feet per acre for other lands under pumping areas.

Column G, Tabulation of net duties in second-feet at peak period in July, based
on 229, of the seasonal supply delivered during the month, and 15% of average daily
flow added to average for peak flow. Refer to Table 10.

Columns 7 and §, Tabulation of losses in carriage for the several sections. The
second-feet losses were determined by allowing 0.3 of a foot depth over the wetted
area for 24 hours at peak period. The acre-feet tabulations are obtained by assuming
that the loss at pealk period is 115% of average daily loss for July and that the loss
thus obtained for the monih is 229 of the total loss.

Column 9, Tabulation of acre-fect loss in distribution based on 209 under gravity,
257, for the large pumping areas, and 15% for the small pumpling areas, of 3200 A,
930 A and 1458 A. The losses for pumping arcas include loss for carriage.

Column 10, Tabulation of second-fect losses at peak period.

Column 11, Total water reguirement including all losses.

Column 12, Water requirement in gecond-feet at peak period. It is assumed that
the main canal and 60% of the distribution system will ultimately be lined and the
quantities shown in the table are based upon the fully developed project.



TABLE 6. WATER REQUIREMENTS ON IRRIGATION PROJECTS.
Data on Federal Projects from Reports by Projects and Correspondence Relative Thereto.

Data for Other Projects from Bulletin 6, California Department of Public Works.
(Compilation by Hydrugraphic Section, Denver Office, Bureaw of Reclamation.)

| [ | . i n
\ | I FELRED Tota! Maximum
. Averngp annuil | AVEIEO | gie idelivery of
‘ t:l\nvax?a%wB } Il:glut‘:roff annual Years used in ll;;-Irl:\m‘t)in? f ,thﬁgn.:m- applied in Prinoipal crops ranked by | irrigation
Projist ol R O | procipita- | keriving st useof | T 08 nm | growing ¥ wbachdgndks" 4 i waterin
shove sénson, prie Mo . waterat | growing rolative soresgs i i
soa lovel days tion in irrigation witer | the form PeasOT: Beason, lone montl,
inehys ‘ B aorndest! | 5 Taet nure-feet aere-fert
\ | per nere par acre ] per nitre
} i 1 ’
Uniled States reclamation projes (8% ‘ | \ :
Sun River, Montans (Ft. Show Division) .| Swnidy loam, elay ond sliuvium. .. ... iksqy 3,700 163 10.9 101423, ine. 1.53 176 | 2.20 | Alfulfa, gradir. - ouiiones Nl B e s w ey B2
inmtkw ARGREMNNG 5~ 3 (wes bt e Sundy lontn tnd elay ! 3,000 163 15.1 141428, ine. 1.25 1,82 | 2.07 | Alfalia, wrain, beets. . 0
Lovwer &ellow:llunu. Monbaili, .o enne s Bundy losm. ., .,..... 1,000 163 14,0 1114-23, inc. 1.36 185 2.21 | Alfalfs, grain, boets. ..., ... .82
Shoshane, Wyoming (Garland Divlsion).. | Sundy losmn nad elay ., . R R 4,000 106 0.0 um- 3 ine. 2.5h .37 | 2.92 | Alfulfa, grain, boeta, LS, .88
lymath, Culifornin-Oregon. .o ovvennn Disinteurated basyli, volz.-m\r NEH. . rvnens 4,100 108 12.7 ne. 145 1,27 | 1.72 | Alfalfn, grain, vegutubles. , AT
Ummmmr Washington. . vereensnesns| Volesnio ash, sand and ROAVRIE, « ol e osid o 1,000 153 11.5 ) ine. 2:01 .46 | 3.07 | Apples, alfuia, frujt. . . 81
Yakims, Tietoy, \\mhmgtnn vvevores| Yolonniv ash, decomposed bngalt. .. .. o.... 1,700 164 8.1 ! 4,58 116 2.74 | Alfalin, spples, gmin, pu!atou‘l .58
North Plate, Nebragku-W' vommg v | Sandy mud nhny lomms 4,100 188 147 31 2.14 11,00 3.23 \H'an graan, becu potatnes. . .80
::.r.ud]nt: Em‘wnv) ldnth. o S R :‘hrlxdy und nﬁluy louns S : gga 133 illg 1 ‘12—'7 ine. ‘4;.1:5 'gé ég% Aﬁngu wraln, ?wus po::tw A. 1.28
inido umping), Idoko, ., .. : L ET T e e A o Py Py § 185 - 1014-23, ine. 2.48 L, | Aldfalln, armn eats, potatoss. | .75
IM “luméw ’(](?nrsun). Neviadn ﬁnngy,em;d}l'ﬂlo'im r:lny. vulcanlr mah.... fggﬂ lgg ]-1.6 4-23, ine, | 3.00 ‘.:.;; gé(l a&lfn’:‘f\ BRI < 5 oo v o A0
3ois, Id8ROL . vus v rsennes Sundy oud elay logms, Wy 2 2 3.9 1U1-1—'7J ine, 3.61 1.9 .00 Talfn, in, polutoes, frui S0
1 munilu Oregon...... s.mdz wnd sandy [ e 3 R el 470 210 T4 1915-24, ine. 5.58 *. 30 5.89 | Alfuifa, mn. .‘ ............. 1.80
Yaking, Kun-mzrlo \\wulungtuu Volusnie ank, decomposed hasalt. .. ....... 700 214 .4 1U1u~24 ine. R.42 121 3.63 Alhlh, apples, geain, potatoes, .65
lmmnpnh ¢, Colorado. Handy r;mvel olay and clay logm.. .-, ... §,600 214 08 1014-23, inc. v.23 1,08 6.81 | Alfalfa, grain, potatoes, beets. . 1.6
Grand Valley, Colorado. . Sandy loam and elay. ......... 4,700 214 8.8 1€|17-24,§uc. 3.87 T 45 .82 | Alfnila, beets, Grain. oo cpganeaigsvesnsae s A7
Rin Grande, Te!an-.'_\vwx\ \Htmum and enndy loam. | 3,700 260 10,0 1910-23, inc. 3.23 .67 3.80 | C mton nlalfa, grain, vegﬁl»bh fruit. i 85
Claraltnd, New Mexieo Sandy losm. | 2,100 260 ) 1014-23, ine. 2.64 41,08 3.70 Lmlam AlBUR i ey | .58
;.;H Rl\gr Am_zmlx l;«un{lvll]umln ! J.]#gg , 265 3: %ql{g—”"g ine. g&gﬁ&z’ ::i;g 2?3 (L,otton 1{?1}?‘ gruin, wema i s 1]
wira, Arizona-Cr fich alluvium, . 33 ! 363 3. in¢. .8 A 12 | Cotton, alfalia, grain : . 87
- ()rlmd (‘nhgurnm . Sandy, silh and clay]o. | 250 | 267 18.4 (1917-10, 1021-23, ine. 3137 50 R S TN O RN o R i L0
Fiviie projeets: |
Durliam State Land Colony, Californis ... Bandy and elay loams..............couny | 160 275 | 2.6 1920 2,70 1.08 3.78 | Alfalfa, fruit. o covneernn cones ; .70
Los Molines Land Lxxlnan}, California. . .| Sandy loam and riversilt. ., ... A ! 200 275 20.1 1015-21, ine. 1,20 70 RO AT (THe s 2t e W et gm s 30 4 | 1.0¢
Modesta Irrigation Distriet, Californin, .. .| Sandy and elay loams..... .............. | 100 273 | 10.2 10)4-19¥ ine. 2.8 . 38 2.08 | Alfalfa, fruit, corn, beets, melons b::.ns ,,,,,, 50
Riverside Water Company, Californin. . Bundy Jowm and elay. . . o4 .oveeniaeonnnss] 850 | 365 | m.a 1008-14, 1918 2.0 £.90 3.90 | Fruit, n!!’ulfu, ugmub]u 25 hiamy Ab
Trperial Irrigation stlmt thfnrnm o) fundy losm and eluy . | —100 | 365 s 101621, inc. 3.0 2,25 3.35 | Al lhl[n. gratn, votton, wvnmblm fruit. 40
Proposed Iron Canyon, Californis. - ’ Bandy lonm, sllovivmelay. . . .o.oavnen- ol 325 | 267 1) e AN e S ’ 2.58 1.8 3.43 L Alfalfa, grain, fruit, nuls; rice, vogeunblw ..... N

“For faderal projects the quoted delivery to farms is the smount of water charged to the water wser plus sllownnee for underinessurement of water from estimate by project #uperiniendent, such allowance wveraging about 10 per cent.

 April Lo Beplember, lnelusive.
= April to October, inclusive,
+ Mareh to Octobrr, inelusive.
* Vebruary to November, inclusive.
+ Ll year.
* Februsry to October, inclusive.

 Averige of I‘ebrunry-()ctober iutlusive, at Red Bluff, Tehama, Willows, Orland, Corning, Colusa s Duraiizan.
# Ineludes years of inadequs te supply for laek ofﬂ(nmm

50660 7—pages 92-91
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TABLE 8. SUMMARY OF LANDS, TRANSPORTATION LOSSES AND WATER REQUIREMENTS.
1 2 3 ! 4 s | 8 | 7 | s ‘ T 0l ag
S ‘ Net water Loss in carriage Loss in distribution Total water
Unit Rice Area
(Refer to projeet map, Plate 2) " A under 33 = &= -
A argl irrigation, T Second-feet iSorond-foet t‘\'i'(md—fm"
T EES ETOSS Acre-feet 7 5 Tuls Acre-feet Sﬁcnnd-ﬁ'cli Acre-feet l 5 July‘ Acre-feet | i Jishs .
Fast side Red Bluffares. . .. .covnrvnvnscd] 1000 foeonionen | 9500 15.730.0 | AR 1 B A e o
Bt 3T 30 75400 . - cconvininvncin e 18.083.75 D 183 ( 30.9 B
Sta. 1175400 t | 18.923.55 0 199. 20,5 . |
Sta. 210600 to 2667--00 5.0 5 384. 12.0 | .0
Sta. 2667-00 to 2674 H)O. e T A 7.7 2.0 326 1‘).0 A
Sta. 367400 to 4976-+00. . . 3.0 3.0 208. 20.8 P 3
Sta. 4016 00 to 5725+50 .9 4.0 114, 9.5 2.3
g e A D 0 Tehrle oo | et e o 0.5
Sta. 50 to 6060--00 ] 3, ()Z') 0 165. 3.0 0.3
Sta. 6060400 to (347 |-15. 5.l 0 30. ‘ 1.5 3.0
Totals forgravity. ...... ...... .... 182‘43440 | 43.645.0 | 11.625.0 | 155,068.9 17776 117.2 419.7 | 570,018
Pumping at Red Bank Creek . ......... ... 30350 | 480 | ......... 33447 .5 800  RTBIBV| ., crwaneplu sinirene 92.8 90,153 .2
Pumping Sta, 117500 13,500 600 ool A 11.473.0 .0 oy 32.6 31,8000
Pumping Sta. r’1()?) =00 21,300 740 18.105.0 0,0 1.4 51.2 50,1004
Pumping Sta. ! 3.200 1.250 2,720 0 2O B F {0 O (e RO 512 8,606,
Pumping Sta. 930 118 B il JIE i e )] e ey M [ s 1.3 2.008.'
Pumping Sta. 4705-4-00. . 1.458 1.458 4.665.6 3.3 5.489.
Pumping Sta. 4976 4-00 14,728 4,240 SLENRALY ARG el e e 42.0 41 864,
Totals for pumping. .. ........ ...... 04.466.0 | 8,886.0 173.921.6 | 1.4 55.818.90 ‘ 220.4 | 2 ’[) 080.9 | 046 .4
e — = =1 — —— R — = — - ———— | —_—
Grand totals, pumping and gravity \ 276.900.0 | 52, 351.(1 11,625.0 | | 606,001.6 l 2.493.2 ‘ I8.833.5 i 118.6 | 165,173.90 679.1 | 800,009.0

Gross duty on the netirrigable area of 235,365 acres '(‘ul 5+4+Col. 74-Col. 9
Net duty on the net 1rngnble area of 235,365 acree—2.58 acre-feet pier acre.
Net dutv on the netirrigable gravity area of 155,069 acres 79 aere-feet per acre.
Net duty on the net irnigable pumpinz arca of 80,206 aeres— 2.17 acre-feet per aere,

800,099 acre-fect 3.4 acre-feet per acre.
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CANAL LOSSES AND WASTE.

Transportation losses. [n caleulating fransportation losses 1t was
assumed that in concrete-lined sections the loss wonld be at the rate
of 0.3-foot depth in 24 hours over the entire wetted surface of the
canal, while in unlined sections the rate of loss was assumed as 1.5
feet per 24 hours.

Waste. In general, waste may be attribnted to one or more of
four principal eanses: leaky structures; waste by the farmer at the end
of his lateral; canal breaks; and waste from operation. The type of
construetion contemplated wonld insure comparatively tight structures
and few breaks. Farm waste will be at the expense of the water user
and will, therelore, be held to a minimum.  Project waste, although to
some extent unavoidable, would, in fime of draft on storage, be leld to
the minimum uneeessary to convey the project water supply and to
comply with the state’s avowed policy of efficient use of its waters.

The following is a paragraph copied from “ Bulletin No. 4, Proceed-
ings of the Second Sacramento-San Joaquin River Problems Confer-
ence, and Water Supervisor's Reporf, 1924:"

avly in Juune, letters to all water users on the Sacramento Tiver above
SQueramento were sent out, announcing the establishment and purpose of

the water snpervisor's office, presenting the crifieal water situation and wiarn-

ing that where waste should be found on wuny project it would be neces

sary
that the diversion of such project be reduced by the amount of such wuste.

Disposition of waste water. A large percentage of any waste
from the Iron Canyon project would reach the Colusa Basin to be
carried through the main drainage ditch through the basin to Knights
Landing, south of the southern extremity of the proposed project,
where it ean not enter the river by gravity nntil the low water stage.
(Refer to Kniehts Landing pumyp line photographs.)® Prior to this
time it wonld be carried on down the Yolo By-pass into the delta
region.  Thus, retwn water from te lron Canyon project below
Stony Creek will not reach the river, from whiel it could be diverted
for nse in the Sacramento Valley, except in the delta region below
Knights Landing. 1t wonld, however, hecome available for use in the
hy-passes or for transfer to the San Joagqnin Valley if such transfer
is desirable.

Irrigation method. On account of the long carriage system for
the proposed project, without any vegulating reservoirs along the Iine,
it appears imperative that the rotation system of jrrigation be adopted.
Tf this is done there would probably be no necessity for inelding a
factor for waste, as sneh, sinee a very generons allowance has been made
in designing the canal sections, as explained later.

Canal designed for irrigation peak. 1t is quile common practice
to inerease the carrying capacity of the main canal by about 10 per
cent over the average daily demand for the month of maxiun demand
to allow for the irrigation peak. In localities where the arowth of
moss and other vegetation in irrigation canals is prevalent, as is the
case in the Sacramento Valley, difficulty is olten experienced in main-
taining a flow that will meet the demands, as the growth of vegetation

... *Not i_n_chl-’l.;d in printed report.  Iilms on file in office of the Commissioner,
Bureau of Reclamation, Washington, D. €.
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has reached fs maxhoum at the time of maximwn demand lTor both
water and labor.  In an endeavor to alleviate this condition, and in
order that the maintenance cost of the canals might be kept down, the
canal sections have been designed with a peak capacity of 15 per cent
above the daily average for the month of July, assuming a friction
Tactor of 0.015 for conerete-lined canals. 1t was not considered neces-
sary 1o provide for waste during the irrigation peak, which nsually
only lasts from ten days to two weeks.  Data tor the Orland project
imdicates that there has been practically no waste on that project during
the past eight years in the months of July and Angust, when the
demand for water is at a maximum.

WATER SUPPLY.

Source. The source of water for use on the proposed project is
the Sacramenio River and its tributaries entering the river above the
city of Red Bluff.

Run-off. Table 9 is extracted from Table 46 appearing on page
191 of Bnlletin No. 5, published by the California State Division of
Engineering and Trrigation in 1923:

TABLE 9. SUMMARY OF ESTIMATED RUN-OFF OF THE SACRAMENTO
RIVER AT RED BLUFF GAGING STATION, 1871 TO 1921.

Drainage Area, 9258 Square Miles.

Season begins on October 1 and ends on September 30.

Estimated Depth Acre-feet

run-of in t per Season

acre-feet inches Bquare mile

- =S ——— == ’ c——in =

Muan seasonal. .. ... A LR e R 0,929,000 | 20.10 L0 i, S
Musimum seasonal, . . 22,700,000 i 46,00 2 452 1889-1890
AT T T T e e e e | 4,068 800 8.20 439 | 1919-1920
LS A AP I TIPS scocmsaropronscooh, s g e s ovsspsinns o Kt o 397,200 0.80 43 [
Maximum daring July. . v 908.000 | 1.80 R 1880-1890
Miimurn during July. ... ovn o 175,500 0.40 | 19 1874-1875
Mean during August.. ....... ... TR - 337,600 0.70 | 86 [
Maximum during August. 771.8M) 1.60 83 1850 1890
Mintinunmy during ABRUBE. .« oo « o siie - s 140,300 0.30 16 1874-1875

Prior to May 1, 1895, the discharge was estimated. From May 1,
1895, to Kebruary 1, 1902, the discharge was mecasured at Jelly’s
Ferry, 12 miles above Red Bluff, drainage area 9093 square miles.
From Febronary 1, 1902, to date the discharge has been measmred at
the United States Geological Snrvey gaging station about 44 miles
above Red Bluff and one-halt mile above the site of the proposed 1ron
(fanyon dam. The rating curve is shown on Plate 5. In Table 9
the discharge at the two points of measurements is assumed to be the
same sinee the tributary area between them is not productive of appreci-
able run-off.

The run-off estimated in Table 9 is the total from the drainage area.
The disecliarges as measured at the gaging stations, subsequent to 1895,
are somewhat less than the estimated total run-off as the former has
been adjusted to take acconnt of storage and irrigation above the

points of measurement. As showun in Bulletin No. 5, upstream storage



DEVELOPMENT O UPPER SACRAMENTO RIVER. a7

has inereased until in 1921 it amonnted to 121,900 acre-feet. Trrigation
had inereased 1o 161,000 acres in 10920-21. In the season 1919-20,
in whieh ¢he minimim scasonal run-off up to that time ocenered, the
measured discharge at Red Blndf gaging station was 5,788,100 acre-
foet in comparison with the adjusted total of 4,063,800 acre-feel,  In
the season 1923-24, the measured ceasonal diseharge from October 1,
1923, to September 30, 1924, was only 2,972,000 aere-feet, the lowest
of record and about 30 per cent of mormal. The measured run-oif
in July and August, 1924, was 178.000 acre-feet in cach month, some-
what greater than the adjusted mininum run-off shown in Table 9
for the same two months.

Bagis of estimated supply. The studies of water supply for the
Tron Canyon project have been based upon the measured discharge
from 1895 1o 1924, inelusive, without attempting adjustments for
diversions higher up on the river. The records are affeeted somewhat
by diversions and storage above. 1he correction necessary to adjust
the water supply to conditions of present irrigation development
gradually decreasing vearly from the date of the earliest records down
fo the present time. As the most eritical years of water supply are
recent (1919-20 and 1923-24), when irrigation development approxi-
mated very closely that of the present time, depletion due to past
upstream diversions have been neglected.

No account has been taken of the effeet of future depletion upon the
assumption that use will be made of the applieations now ou file for the
Iron Canyon project.

Monthly distribution.

TABLE 10. ASSUMED MONTHLY DISTRIBUTION OF IRRIGATION
WATER FOR IRON CANYON PROJECT IN PER CENT OF THE SEA-
SONAL SUPPLY.

From page 63, Bullotin No. 6, State Department of Public Works.

—_————————

Month 1 Per eont Month Per cent
JONUALY . o< i araanen 0 | July 22
]';';-,brp;\ry ............. (]l Almlm : ]’l')
MREl, ;4 o simasiomsd . Septem . 2
| e ——— b ‘ Ogtober: . cccovnvians - 4
MY+ o 6o v sty assie . 16 | November A 0
JUUR o oo w73 SG4TSR s 0 Pt 20 | Decombor il

— e

The distribution is based upon all available records of actual use of
irrigation water. The values shown are those which ave believed 1o be
most adaptable 1o plant requirements, upon the assumption fthat fhe
sehedule can be attained through an adequate storage systen.

Iron Canyon project filings. Applications on file on bhehalt of 1he
Tron Canyon project are as follows:

Application No. 1279 filed by W. A, Beard for the Irou Canyon 'roject
Association May 16, 1919,  Asks for 2500 eubic feet per second from Muarch
st to November 80th and for 775,100 ncre-feet per annum betweer November
50th and May 1st, all for agricultural purposes, to be used on approximately
984.000 acres of land in Sacramento Valley in Tehama, Glenn, Colusa and
Butte counties.

T—50667
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Application No, 1280 Gled in the same name and the sume day Tor power
purposes.  Asks for G000 second feet direct diversion from Jonuary 1Ist to
December 31st and for 775100 acre-feet (o be colleetod betweon Novomber
S0th and May Ist of each season,

Prior rights. Exhibit 8 contains extracts from a paper read by
My, BEdward Hyatt, Jr., Chief of Divigion of Water Rights, California
State Department of Public Works, before the Fifth Annual Conven-
tion of the California Section of the American Waterworks Association
at Sacramento on October 24, 1924, and at a gathering of persons
interested in the Iron Canyon projeet at Red Bluff, on Oclober 25, 1924,
It is believed that the extracts cover the subject of water rights and
uses in the Sacramento Valley quite clearly and authoritatively.

Future projects in the Sacrawmento Valley, depending upon the
natural flow of the river for their irvigation water, are infeasible.
Even with provision made For storage of the winter flood waters,
any study of a new project must take into consideration prior rights
which may be granted through an overruling of section 11 of the
Water Commission Aect, and of the action which the federal government
may take relative to the release of water for navigation. There is no
assurance that the onteome of the sitnation will be favorable to new
projects but there is reason to believe that the solution will be along
rational lines.

In a paper read at the Sacramento-San Joaquin Iiver Problems
Conference in December, 1924, U, 8. Grant 3d, Major, Corps of Engi-
neers, U. 8. Army, District ngineer, Second Distriet, stated that
measurements made during the summer of 1924 show that from 3500
to 4000 second-feet are needed in the river to maintain navigation
(above Sacramento) on an economic basis,

1t is imperative that navigation of the Sacramento IRiver be main-
tained. IFf the proposed salt water barrier below the confluence of the
Sacramento and San Joaquin rivers is construeted, water required for
its operation will probably be much less than 3500 second-feet. There
is, in the two valleys, an incentive toward conservation of water since
the potential value of the lands to be deprived of irrigation water to
supply the needs of navigation in the amount suggested by Major
Grant will, in time, be of economic importance, and it seems possible
that navigation of the river could be provided for in some other way.
In any event, the Iron Canyon project would not be affecied materially,
unless court deeisions should uphold the ¢laim of riparian users relative
to the use of flood waters, since, 1 a low year about 90 per cent of the
seasons’ supply would come from storage. It the courts hold that
riparian owners can store water in rveservoirs by reason of their
riparian rights it will effectually destroy the value of appropriative
rights. This question is now before the Supreme Court for decision in
the case of Herminghouse vs. Southern California Edison Co.

The Nebraska court holds that as the right of a riparian proprietor
to the use of water of a stream is an integral part of the land, it is
within the constitutional guaranties of private property and can not
he taken away by an aet of the legislature. Clark vs. Cambridge ele.
(lo., 45 Neb, 798; 64 N. W. 239, The Supreme Court of South Dalkota,
in a much later case, said in St. Germain Irr. Co. vs. Hawthorn Ditch
Company, 32 8. Dak. 260; 143 N. W. 124:
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A viparinn water right ean not be lost by disuse, and a statute providing
iat hen o purty entitled to the use of water Fuils fo use all or any portion
of the ‘witers elaimed by him For a peviod of three years, such unused wafers
shatl revert {o the publie, ig void as fo a riparian owner as depriving him
of vested rights, thongh valid as to one claiming only by appropriation.

Amount of water assumed to supply prior rights. On page 46 of
the proceedings of the Sacramento River Problems Confercuce, held
alt Nacramento, Jannary 25 and 26, 1924, Mr. Donald Baker of the
Division of Water Rights states:

1t will be seen that there are at present existing rights upon the river
above the delta, which wonld probably be confirmed in any adjudication
thereof, totaling approximoately 5000 second-feet. Approval of aund confirma-
tion of heneficinl use under unapproved pending applications in this section
of the river would inerease this to 3600 second-feet, and should the owners
of unused riparian rights be allowed to exercise same in the future through
an overruling of section 11 of the Water Commission Act by the Supreme
Court, this might be increased to T000-8000 second-feet, depending upon the
duty allowed riparian owners.

In the table at the bottom of page 46 of the report referrved to above,
the flow for July, 1916, assnmed to be an average year, is 6680 second-
feet, Taking the average July flow for all years of record prior to
1922, however, the quantity is found to be 5790 second-feet; and if
the period be extended to include July, 1924, the average will be found
to be 5580 second-feet. The average flow for July, 1924, was 2870
second-feet, the minimum being 2800 sccond-feet. An assumed average
July flow of 6000 second-feet to supply prior rights below the proposed
Iron Canyon reservoir appears to he fair and on the side of safety
considering availability of water for nse on the Iron Canyon project.

As\nmmg. that the monthly distribution of water to suppl\' prior
rights is identical with that shown in Table 10 for ihe Iron Cauyon
project, and further that the discharge fo supply prior rights is at
the rate of 6000 second-feet in July, the fotal seasonal (1110\ vance to
supply prior rights is found to be 1,677,000 acre-feet distributed as
shown in Table 11.

TABLE 11. ASSUMED MONTHLY DISTRIBUTION OF WATER TO
SUPPLY PRIOR RIGHTS.

Providel 1hul the free flow of the river shove Iron Canyon dam is equal to or greater than the amounts shown.

Month Acre-feet | Second-feet Month Acre-feet | Second-fect
SO o o5 (1a v b o o x we o or's ‘ IR0 e A 308,940 6,000
Fehrunry 0| August......... pERTn 885,400 5,455
Moreh. oo 273 || September. .. .viviiiiann 201,240 3273
BV % <l 1308 || Oetabap: ..o a 0300, 00 s o | 67,080 1,001
.\{:u AT P : 2 4,804 || November. ...oovivinrves [ 0 0
T T O T Iy T i ) 335,/ 5,455 || December. . co.ovevviivn. | 0 0

Actually, there have been only six years of the 29 of record when
the above supply would have been available. During 23 years there
would have been shortages in Angust; 19 with shortages in July and
Augnst; 5 shortages i June, July and Angnst; and in 1923-24 short-
ages would have occurred from May to September, inclusive. The
average July flow of 5580 second-feet has been equaled, or exceeded,
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in 1 of the 29 years while 1he 6000 second-Teet assitmed in the studies
has been equaled, or exceeded, during only 10 of the 29 years of record.

Relation of run-off and assumed irrigation requirements. The run-
off of the Sacramiento River at the United States Geological Survey gag-
ing station above Red Blufl for an average year; for a low year; and for
the lowest year of record is shown graphically on Plate 7. The require-
ments of prior rights according to the distribution shown in Table 11,
and of the Tron Canyon project according to the assnmptions made in
the study of duty of water, distributed as shown in Table 10, are shown
by hatehed areas. It will be noted that in an average year the natural
run-off is sufficient to supply {he assumed prior rights with the excep-
tion of a small deficiency in August. Storage of winter flood water is
necessary to supply the Tron Canyon project. In the season 1919-20
the 1un-off, without storage, would not have fully supplied prior rights
from June to Angust, inclusive, and in the season 1923-24 the supply
for prior rights, without stovage, was deficient from May to September,
inclusive. By comparing the run-off and total assumed demands for
1923-24, as represented by the respective areas on the diagram, it will
be seen that the supply would have salisfied the assumed demands, the
former being 2,972,000 acre-feet and the latter 2.477,000. However,
storage would have been necessary both for the Iron Canyon project
and to supply prior rights, and storage would have introduced a
diminished irrigation supply by reason of evaporation losses from the
reservoir. There was a shortage of irrigation water in 1920 and again
in 1924. 1t will be recalled {hat in July, 1924, the discharge at Red
Bluft dropped to 2800 second-feet and, according to the assumptions
made in the studies of water supply, the flow to supply prior rights
would not be increased through the construction of Iron Canyon reser-
voir, to a quantity greater than the natural flow of the river.

It is apparent that in years of low run-off the water supply for
Sacramento Valley under present conditions is deficient. The situa-
tion would become more serious should section 11 of the Water Com-
mission Act be overruled, or should the federal government insist npon
the release of water for navigation. The sitnation wonld be relieved
through the construction of large holdover reservoirs above Red Bluff,
providing rulings regarding riparian rights did not interfere with
storage in such 1eservoirs.

Evaporation from reservoir. The net loss of water by evaporation
from the reservoir is approximately 10 per cent of the amount available
for irrigation, if the lower portion of the reservoir is reserved to main-
tain head for power purposes. While there are many records of
evaporation {from pans, very little data have been gathered to determine
the relation between pan measurements and the true loss from lake sur-
taces. On pages 61-63, Bulletin No. 9, 1920, ‘“ Water Resonrces of Kern
River,”” published by the California State Department of Engineering,
are given the results of measurements of pan and lake surface evapora-
tion at Buena Vista Lake, and of lake surface evaporation at Tulave
Lake. On page T9 of the report on the San Jacinto River Ilydro-
oraphic Tnvestigation, 1922, by the California State Division of Water
Rights, the results of observations at Lake Elsinore are given. The
results of these measurements arve given in Table 12. The quantities ave
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in feet and represent the total or gross evaporation, which, to obtain the
niet loss, would be reduced by the depth of rainfall. They represent the
average at Tulare Lake, six-year average at Liake Llsinove, the year
1920 at Buena Vista, and a 13-year average at Kast Park reservoir. In
the last column the gross amount that was nsed in the studies of the
Iron Canyon water supply is shown.

TABLE 12. EVAPORATION FROM RESERVOIR.

Quantities shown represent gross evaporation in fect,

1 ‘ Toust Park reservoir

22 - —_— — Used in
Lake Buena Vista | Tulure | \
Month e =L Fliwh . - Iron Canyon
Elsinore Lake | Lake Flouting usf“ull:::r(\fnl studies
| PAR tion pan ‘

October. .. 5 j‘ 45 .38 .30 37 .30 34

November ) 30 | .16 .20 .20 16 18
20 .09 %g lé (l)g ()'11)

15 A2 +12 +0f A 2
05 18 A3 g4 Yy 145
| 25 18 ‘ég Jg 'lh, ’;ll)'i

............... 42 V8 A .32

_________________ 3 g 50 | o1 i i
............... 50 63 70 69 b 665

................ 0 i 50 ‘ 88 il 74

............ 60 R LG S .bA .ah
September. . .............. i .53 .59 .60 .61 A0 505
y b e e e e 4.50 | 4.55 4.60 517 L 4.605

[
*Assumed 23 relation between pan and open water surface.

The elevation at Iron Canyon reservoir is practically the same as at
Buena Vista and Tulare lakes, and as tewperature conditions, during
the seven warm months when 84 per cent of the evaporation takes place,
are practically the same at the three places, it is believed that the
average of the gross evaporation at Buena Vista and Tularve lakes is
applicable to Iron Canyon reservoir.

In the studies made, the effect of rain has been considered as reducing
the evaporation shown in Table 12. The gain due to rainfall is not the
total amount of rain on the reservoir surface, but is only that portion
of it which has not appeared as run-oft in the records of stream flow at
Red Bluft. No rainfall rin-off curve has been constructed for the Sac-
ramento River, and it probably is not feasible to construct one with
existing data. To determine the aceretion to reservoir supply from
rainfall, the eurve published by C. I. Grunsky on page 85, Transactions
of the A, S. C. E. for 1922, has been used. This has been redrawn on
Plate 6 to show depth of monthly, instead of annual, precipitations.
Results obtained from the use of this curve are approximate, but a
comparatively large error in the rainfall factor would affect the final
result but little.

Water to supply demands of irrigation and power development at
the storage dam. The development of power has an important bear-
ing upon the feasibility of the Iron Canyon project, since the revenue
to be derived from its sale may be nsed in the repayment of a part of
the construection costs, as will be demonstrated in the section dealing
with power. The studies of water sapply, therefore, take into account
the amount of power possible of development at the storage dam.
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Although power development is a secondary consideration, an effort
was made to get as mueh power out of the plant as compatible with
jrrigation requirements.

Tive sindies of water supply were made on the basis of various
assumptions as to irvigation and power drafts. The details of each
study are shown in Tables 13% to 17,* inclusive, appearing in
Appendix B.

The snccession of years of low run-off since the 1920 report was
prepared will materially affect the results to be obtained from any
study, including the 192 94 season. An examination of the studies
made will show that the possibilities of power development at the
storage dam hinge npon a season like that of 1923-24, when 90 per cent
of the irrigation supply for the project must have come from storage,
since no free flow in the river was available after the month of April
for use on the project. Assuming fhat jrrigation requirements are
paramonnt, that a season like 1923-24 may oecur at any time and that
the operators can not foretell in Oectober what the seasonal run-off will
be, it i evident that the output of primary power during the fall and
winter months is limited to the amount that can be produced by a flow
that can safely be drawn from the reservoir with assurance that it
wonld be full at the heginning of the suceeceding irrigation season.

The potential primary power nnder Study No. 2 s greater than in
Study No. 1, for the reason that in the former there would have been a
holdover of 126,000 acre-feet from the previous season, while in the
latter the reservoir in the previous season would have been drawn down
to the minimum allowable. The 126,000 acre-feet holdover not only
reduced the amount of water to be stored in 1923-24, thus allowing &
larger power draft than is permissible in Study No. 1, but the extra
water in the reservoir resnlted in an inereased head on the power plant.

Following is a summary of water and power shortages according to
the studies made : ‘

STUDY No. 1.

Irrigation draft, ... ..
Maximum water sur 11 reservoir.
Minimum water surface in reservoir. .. ..
Starage reserved for ereating power head. .. ..
Storuee svailuble for supplying irrigation demand. ...
Power draft 1]l reservoiris full =3.600 ¢. f.s.x 100 hend=

700 Eon. at 80 per vent efficiency

el Per vent Power ‘ Per cont of

Year ‘ Month 1;{:[:':[:“‘,’{‘ sensunal shortage, ‘ nssmod

| B¢ supply horsepower
|

i 1 A oo | September..... l 11,600 | T | R I sne ik gre i
19 .| September..... .| 108,700 0 |a o v W yaied e .
¢ -‘ September \ 34100 U 3T, S e ]

) August, ... s 82.100 | 8.8l - -

1023-24 ‘| Botember.. 1| 120,000 {12:0] 202 5100 AR
1924-25 | October........ T s rra s [ v ara 11,5004 4. (i

#Table 13 is not extended to include this item.

* Tables not printed to save spree. These are ou file at office of Division of
Engincering and Trrigation and may be consulted there
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- STUDY No. 2.
LN AT L URIIOIOR. « o ooy oo v yoan oonimm gan s ot oo 11§ st b b 6 i 800,000 sere-foot
Maoximum waber surfien in PesOrvOIr. . .ooooieommaiheinis o 54 ad . .. EL 400
Minimum wator gurfaco in eeservoir. . .. .coveiiciiian ey { . Il 358
Storage resorve®{or ereating powerload ., . ...l iiiiiiiin .. 214,000 nere-feet
Stornge nvatluhle for supplying trigation demand. ........ S )k ry ey L i .. T47 300 nere-feat
Power draft till reservairis full= 4,200 ¢. [. 5. x 100" head == 88,200 h.p. at 80 per cont officiency.
Per vant Power Por cent of
Yeur Maonth IETL’E::I"T seasonal shortage, agsumed
L supply horsepower | minimmm
19028-24, . i .veies AN W 8 RS veasawnss] SEptEmbEr. ooy, 98,200 L A e e TRk
N T i e i el | Dctober........ e *7,000-+ 184
*Table 14 iz not extended to inelude this item.
STUDY No. 3.
Trrigation draft for project.......... AR . P e T T oA S T ey A 800,000 acre-feet
Maximum water gurface in Teservoir. ...ooveniie R - v L1100
Minirnum water surlaes in Teservoir. ... covvioivnriesieiiinenn Til. 363
Storage reserved for ereating power head. ... 302,000 acre-feet
Stomge availuble for snpvlymiz irrigation demand : +ovo 050,300 acre-feet
Powar draft till reservoir is full==4,200 c. f. 8. x 110" head=42,000 hup. at 80 per cent efficiency.
TR Per cent Power Per eent of
Your Month l:k‘;‘lg_“t:l“"' sonsannl | shortage, | nssumed
L supply horsopower | minimum
1010-20. . .... T e e S September. .. ... 23,200 208 (l8 5% sws dssweatts R o
1023-28...... ol UBAWCY S aicay BLAD LAY & o imiy i s fme AABOLS Al
1023-24. . oo August. .. ...... 160,000 120,04 36.6 12,900 30.7
1923-24. .| September... ... 06,000 12,0 {12,500 29.8
192425, il acas 8 X2 525 EXha s AN E K A T e b e b P e ' *8,000-+ 10, &=
| | |
*Table 17 i not extended to jnclude Uhisitem.
STUDY No. 4.
Trrigation denft for project. ... .. y 800,000 nere-feet
Maximum waler surface in reservoir. il 400
Minimum water suface in toservoir. ... Tl 873
Btorage reserved for ereating power bead . ... 425,300 nere-feet
Btorage available for supplying irrigation domand... .. . 536,000 acre-feet
Power deaft till reservoir is full=4,200 ¢. £. 5. x 120" how
3 s Per cont Power Per cent of
Year Manth ]'EJ“";;""P soasonal shortage, | assumed
SROFIORY supply horsepower | mintmum

—_
=

[
P?DG&I&&M
BT TOoD RS

1024-25

*Shortages detormined by inapestion of Stwly No, 2 noting elovation of water surfsee in reservoir,
**Tuhle 16 18 not extended to include Lhisitem,
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S’ fUDY No. 5.
Terigution drlll for project.. ... .. e A e s pa e SET S TR e ienses s 800,000 aore-foef
Mauxitaom water Surfaee i teserVOIr. oo oo s naasessnonisanians &l e 4 poumg o mcn s n s e | Bl OB
Minimum waler aurface in eservoir............ s B R ok 0 BB G0 NG N T M B Y e S R El S B 8 1. 368.0
Stornge voseryed for creating power A R e N e L W i e T R 364,600 ¢ xlr\-fu‘
Storage available furwmnlmmlrr i I s ey £ i S e 2 2 Toh R e Wt ol o i 757,300 sore-foot

Power deaft till reservoir is ful 200 c. at 80 por cont efficiency.

| Tedeaiioy Per cent Power | Per cent of
Yeur Month [ .r}x;‘;‘: e seasonal | shoriage, agsumed
[ | BROTIORE | wupply horsepower | minimum
| [ wnn |
142 September. .. ... 30,600 8.8 | 1,700 4.0
15»‘2424 ................................ OURODE = wvbs b o wrmawiiicats [Puidin s *0,400-1 21, &

*Table 17 is not extended to inelude this itewm.

Reservoir draft suggested as most practicable. The plan con-
templated in Study No. 2 is apparently the better. The figures shown
ave modified slightly in the plan recommended for adoption, as will be
shown in the diseussion of power. Were it not for the uncertain status
of riparian vights, a projeet with a draft of 1,000,000 acre-feet might
be the economical choice. Because of this un(eltamlv however, the
project should be so lined up that the additional 200000 acre-feet
could he nsed on a separate nnit rather than fo build a main eanal, with
a possibility that it could nof be nsed to full capacity. The grantmg.
by an overruling of Section 11 of the Water Cominission Aet, of unde-
veloped riparian rights, both on the Pit and below Iron Canyon, might
have a material effect on either projeet, bhut the effeet would be more
serious for the larger project, as it must depend 1o a greater extent on
the free flow of the river in the earlier irvigation months to function
without shortage,

Shonld Seetion 11 of the Water Comnission Act be npheld, it is
possible that the larger draft would be feasible, in which case there
would ordinarily be 200,000 acre-feet of water available for diversion
cither at the diversion dam, for use on an extended project by enlarging
the main canal, or for diversion at some other poiut, or points, along
the river. The additional draft might be nsed 1o supply miscellaneous
small areas along the river, for which pumps are in many cases now
installed, but for which the present water supply is deficient ; to supply
lands on the east side of the valley lying between Tehama and Chico,
either by pumping from the viver near Tehama, or by siphoning across
the river from the proposed west side canal; or to supply an equal area
in the vieinity of Woodland by prmping from the river at Knights

Landing. bm\'(,\ml canals for the accomplishment of the last two
proposals are shown on ihe project map, Plate 2.

The allowance made for prior rights is considerably in exeess of the
natural average flow in the river for the month of July, at the {ime the
irrigation demand is a maximuwm, and althongh the onfcome of the
water sifuation can not be pw(luh-d it is not |nobdb]v that a future
court deeree would be detrimentfal fo the lron Canyon project (unless
the ruling should be that riparian vighis apply 1o flood waters as well
as stmer flow), since the project’s supply would come from storage
during months when there is a shortage in the free flow to supply prior
vights, The effect upon the project of a movement to increase the flow
for pnrposes of navigation ean not be forescen,
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Irrigation shortages. Study No. 2 indicates that in the 1923-24
season the projeet would have suffered a shortage of abont 30 per cent
of the September supply, or less than 4 per cent of the seasonal supply.
In actual operation the shortage could have heen distributed through-
out the irrigation season, for it was known carly that an extremely dry
yvear was 1o be encountered.

Reservoir operation. Graphs of operation of the Iron Canyon
reservoir are shown on Plate 8. The first column of graphs on the left
represents the operation, according 1o Study No. 2, for an average year;
a low year, such as 1919-20; and the lowest year of record, assuming an
800,000 acre-feet annual draft. Tn 1he second column, Study No. 2 is
shown as modified by Sindy No. 5, which assumes storage in the reser-
voir to clevation 405.5, instead of to elevation 400. Similar graphs,
representing Study No. 1 and its modification, are shown in the third
and fourth colmmns. The suggested best plan is represented by the
eraphs in the second column.

Auxiliary water supply. The most important tributaries entering
the Sacramento River on the west side are Thomes, Stony, Cache and
Putah ereeks. See Plate 2. These streams usually have large flows
during the winter and spring, but the summer flow diminishes to
almost nothing. They were all dry in 1924. The first two only cross
the proposed project. No attempt has been made to increase the water
supply Tor the project from these and other small water courses erossed
by the main canal, as they carry little, if any, water at a time when it
wonld be of benefit to the project. Neglecting to take account of water
derived from this souree is on the sale side as far as water supply is
concerned.

Diversion from refurn flow and pumping from ground water have
not been definitely disposed of, since there are so many dispositions
which might be made of them. 1t has been thonght best to leave the
matter of final disposition to be worked out at the time the water
available from these two sources is required for further development.
This also is on the safe side as far as water snpply and duty of water
are concerned.

Return water. Regardless of the size, or location of the project,
there, ultimately, will be a return flow that would be available for nse
on lands to be ineluded in a project extension supplied with water by
pumping at Knighis Landing ; or which could be used to supply ripavian
rights in the delta vegion below Sacramento; or, like waste water, could
be used to supply lands in the San Joaquin Valley if the {ransfer of
Nacramento River water 1o that valley becomes desirable.

Irvigation development in Califoruia has reached a stage where the
recovery of waste, seepage and return water, has assuned a prominent
position. In the Sacramento Valley a large portion of the return flow
follows the troughs in the basin on either side of the river, and is carried
{o the river in definite channels at points fairly well down stream. Most
of the retnrn water from the proposed lIron Canyon projeet, if allowed
to flow by eravity, will find its way into Colusa Basin, thence to the
river at Knights Landing by way of Syeamore Slough or on down the
Yolo By-pass.
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On page 166 of the proceedings of the Seeond Sacramenio-San
Joaquin River Problems Conference, the water supervisor reports that
the total #eturn flow from Red Blulf to Sacramento, for the four months,
June to September, 1924, amounted to 33 per cent of the diversions in
that period on the same streteh of river. The return flow above Butte
City was 11 per cent ; above Ciolusa 18 per cent; above Knights Landing
31 per cent and above Sacramento 33 per cent.

‘While there might be objection npon the part of some irrigators to
the nse of return water, it is probable that due to the high value of
water, its nuse will be necessary, even after storage contemplated in the
plan of ultimate development ot the water resources of the state has
been constructed. Return water is now being nsed and its use will,
without doubt, continue. Exhibit 9, dealing with return waters from
Colusa Trough, is an extraect from the Water Supervisor’s Report
for 1924.

POWER.

Demand for power. Plate 9 shows the demand for power by
months as a percentage of the annual demand, from data furnished
by the Pacific Gas and Eleetric Company for the Sacramento Valley,
and by the San Joaquin Light and Power Corporation for the San
Joaquin Valley.

Water available for power development at Iron Canyon dam.
In the plan c¢onsidered in the 1920 report on the lron Canyon project,
water fov the project was diverted directly from the storage reservoir
in a high line canal and, therefore, only water to supply prior rights
was available for power development at the dam during the low water
period. With the diversion works for the project located downstream
from the storage dam, as contemplated in this report, all water passing
the daw, including that to satisty the demand of the proposed project
as well as that to supply prior rights, becomes available for develop-
ment of power at the storage dam.

Potential power at Iron Canyon dam. KFor any assumed hrrigation
draft, the potential power increases as the established normal water
surface in the reservoir is raised. The rate of increase in total power
is less than the rate of increase in normal waler surface eleva-
tion Dbecause of the more rapid increase in storage capacily  of
the reservoir mnear its top, as shown on Plate 4. Thus, raising
the normal water surface 7.5 feet (from elevation 892.5, adopted
in the 1920 report, to elevation 400), results in iuercasing the
average power head 16.3 fect (from 114.8” to 131.17) while an addi-
tional raise in water surface (from clevation 400 to 405.5) increases
the average power head 7.9 feet (from 131.17 to 139.0’). The gain
in power head for the 7.5 feet raise is therefore at the rate of 1.52
times that for the upper 5.5 feet raise. The increase in primary
power is greatly in excess of the increase in total power since the
former is dependent upon minimum power head instead of the average.
With the assumed irvigation draft for the lron Canyon project the
inercase in the mintmunt power would be as follows;
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Hlevations ‘
e - ‘ Minimum power head

Normal witer gusface Minimum waler surface | il wih n:teet
in reservod i AT Tull water
i reservoir in ressrvoir ‘
302.5 a01 258 ‘ 18
H00.0 358 ‘ 3 100
405.5 308 I‘ &% I 115

As will be shown under “*Analvsis of Estimated Costs,”" economy
results by raising the water surface from elevation 400 to 405.5 by
reason of the inerease in power. It is evident that the power gained
by raising the water surface from elevation 3925 to 400 would be
more profitable.

In column 13 of fables 13% and 14% (Appendix I3) is shown the
amount of power available at the storage dam with an annual irrviga-
tion draft of 1.000,000 and 800,000 acre-feet respectively, npon the
assumption that the storage could be increased over that considered in
the 1920 report by installing movable gates in the siphon spillways, and
on the crest of the emergency spillway, to raise the water surface in
the veservoir From clevation 4920 to 400. A study was made of the
amonnt of power available with the water surface raised to elevation
405.5, the maximnm assumed practicable, upon the basis of an annnal
irrigation draft of 800000 acve-feet. The resnlts of this study are
shown in Table 17.% Appendix B, Any shortage which might oceur,
on account of the fatlure of the reservoir to fill, would be inereased
slightly with the higher working elevations because of the evaporation
from a lavger water surface area. However, in the study made the
working storage capacity was inercased by 10,000 acre-feet to allow
for inereased evaporation, and as the October draft in 1923 was so
seleeted that the reservoir practically fills in the winter of 1924, the
loss by the greater amount ol evaporation is not appreciably felt by
irrigation. It is rather a loss to power.

Power gained by passing project irrigation water through Iron
Canyon power plant. The amount of power gained by passing the
projecet irrvigation water through the power plant (as modified in the
following paragraph). upon the assumption that the project had been
receiving a full water supply under conditions of ultimate development,
is shown in Table 18,* Appendix B, to average 94,313,700 kw.l. per
vear, for the past 29 years. In determining the output of power, it
is assmmed that the over all efficiency of the plant, measured at the
switehboard, 15 80 per cent.

Studies of water supply and of power development were nade belore
the inclusion of the 7000-acre lHast Side unit. In the projeet adopted
the 21,000 acre-feet of water for the Hast Side unit is not available
for the development of power. The average annual amount of power
developed by passing the 800,000 acre-feet of project irrigation water
through the power plant is 94313700 kow.h. The average amount of
power from the 21,000 acre-feet would be 2,475,000 kow.h., of which a
considerable proportion is seeondary power. The average annual out-

_ *Tables not printed to save space. These ave on file at office of Division of
LEngineering and Irrigation aud may be consulted there,
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put of power as nsed in this repart is 84,890,000 k.w.h. The ervor,
then, that is introduced by the inclusion of the 21,000 acre-feet of
water is negligible, being 42 per cent.

Average annual power output, Iron Canyon plant. Obviously it
is not practicable to install machinery up 1o the limit of 1he flood flow
of the river. The average annual outpnt of the Tron Clanyon power
plant, had it been in operation according lo various schemes during
the period 1895 to 1924, inclusive, is shown in Table 19, Appendix B,
which may be summarized as follows:

‘ Average
o per cent of
M“}lm'““ Annual Tustalled Average Ter cont time water
Schere | project draft, eapacity, annual output, primary available for
acre-feet lLp. Kow.h. power operation
| at full
capacity
L. VRS pemm——— 400 1,000,000 100,000 ‘ 49.9 87.5
Bl S bt ey o4 400 1.000,000 105,000 48.2 53.5
(B S fr PP 400 800,000 100,000 A | 55.5 56.0
I ST . 400 800,000 105,000 558,740,000 | 53.9 53.0

BIRNL v sonsinonels ¢ 405.5 800,000 110,000 584,800,000 | 56.0 ‘ 53.0

Future increase. No studies have been made of {uture increase
in power output but it is reasonable 1o suppose that it would inerease
as the simmer discharge of the river at the damsite is angmented by
inerease in seasonal water supply through the construction of addi-
tional reservoirs above,

Potential power on main canal at IMooney Island Slough. Con-
cruetion of a diversion dam at the mouth off Red Bank Creek, as indi-
cated on Plate 2, to raise the water surface 15 lteet, combined with the
drop in the river between the diversion dam and Mooney Island Slough,
4.7 miles below, resitlts in an available static head of about 31 feet at
the slough. DBy enlarging the main canal as far as Mooney Island,
where the canal and Mooney Island Slough ave a very short distance
apart, to carry 3640 second-feet of the prior rights water in addition
to that to supply the project irrigation demand, the 3640 second-feet
hecome available for power development at Mooney Island. By utiliz-
ing some of the secondary power gene ated at lron Canyon dam
during 1he months May to September inelusive, an average annual
owtpnt equivalent to abont 10,000 h.p. of primary power can he pro-
dueed throngh the eonstruetion of a plant at Mooney Island Slough,
assuming 80 per cent efficiency at the switeh boavd.

Average annual power output, Mooney Island plant. The capacity
of the Mooney Island power plant is fixed upon the basis of the power
which the available flow passing down the river will produce in
October. To this quantity is applied the demand curve for the Sacra-
mento Valley, and the required amount of power necessary to snpply
the demand for other wonths is found 1o be as shown in Table 20,
Appendix B.

Recommiended as best sehiche. . c e, =
spable not printed to save space.  These are on liie at oflice of Division of
Engineering and Irrigation and may be consulted there.
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Average annual power output, Iron Canyon and Mooney Island
plants gombined. Plaie 10 shows the possible output of power, by
months, resulting from the utilization ol an 800,000 acre-loot projec
irvigation draft according fo varions assuniptions as to the clevation
to which water may be stored in lron Canyon reservoir, and as to the
amount of generating equipwent installed. 1t will be noted that eon-
sideration is given to seasons of average riun-off, low run-off and
extremely low run-off. The graphs show the output of the Iron Canyon
plant alone, combined with that at the Mooney Island plant. The
heavy line divides the power into primary and secondary. Primary
power, lying below the line, is assumed to be the guantity which can
be furnished in aecordance with the demand curve for the Sacramento
Valley shown on Plate 9 based upon the safe output for October. The
safe output depends upen the quantily of water ihat can be released
and still ]1.’1\'0 assurance that the reservoir would {ill during a season
like 1923-24, Data from which the graphs were drawn appear in
Tables 2 22, 23% and 24, Appendix B.

AH(’nhon is called to the faet that tables 13% and 14,% which are
based wpon storage in the reservoir to elevation 400 show an output
less than 40,000 h.p. in October of most years. A study of the tables
for 192324, however, will show that the output for October can be
nereased to 41360 lip., 40,000 h.p. primary demand plus 1360 h.p.
project pumping demand, the amount indicated in Table 21.¥  Redue-
ing the output for the suceceding months in accordance with the
demand enrve will allow the reservoir to fill. Likewise, Table 17,*
based npon storage to elevation 405.5, shows an output of less than
44,000 h.p. in October but this may be boosted in a similar manner to
45,360 h.p. as indicated in Table 22. The results of combining the
output from the ITron Canyon and Mooney lsland plants are shown
in Tables 23% and 24 and upon Plate 10.

During the time the irrigation project is developing it may be pos-
sible to so manipulate the reservoir that a greater amount of power
could be developed for several years until the irvigation requirements
predominate those of power.

Basis of estimated value of power. In figuring revenue from the
sale of power the demand is assumed to be in accordance with the
monthly distribution of power in the Sacramento Valley by the Pacifie
Gas and Electric Company as follows, stated in per cent of the annual :

P A 6.5 O e e T R 11.4
Kebr mn'y ___________ 6.5 ABGUBL o comictman 11.3
] 6.9 Depteniber . . 87
Vi et R e, 6.8 (etobir. - ocmmmmms 7.4
U A e N 8.8 Novembar — - = 6.9
T e = =l 10.8 December - . 7.0

It is asswmed that power generated at the Tron Canyon and Mooney
Island plants can be sold o one of the distributing companies. A
main transmission line passes within five or six miles of hoth plants.

Both plants proposed are located where there is no possibility of
trouble from ice, snow or sleet storms, and the fact that they operate

* Tables not printed to save space, These are on file at office of Division of
Itngineering and Irrigation and may be consulted there.
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directly I'rom a large reservoir makes them especially valuable as
standby plants and plants that would respond veadily 1o the demands
of a daily peak load without loss ol total power available.

On Plate 10 the power developed at the Tron Canyon and Mooney
Island plants and the amonunt used for pumping irrigation water to
a part of the proposed project ave shown. The graphs appearing in
the fourth column from the left represent the power situarion under
what is believed to be the best plan of development. Tt will be noted
that in an average year practically all (96 per cent) of the power used
for project pumping falls within the arvea of secondary power; that in
a low year approximately 69 per cent, and that even in the lowest vear
of record about 46 per cent of the punping load would be supplied
from secondary power. It is believed that power to be used on the
project for pumping would be of practically the same value as that
considered primary power, and would have the effect of raising the
average value of secondary power considered as a whole.

In years of extremely low run-ofl conservation measures should, and
probably would, be put into effect, both in the amount of water used for
irrigation and in the amount of power consumed in general.  This
conservation would result in bringing the pumping load as repre-
sented on the graphs more nearly within the arvea ol power developed
and less auxiliary power would be required in sieam or other plants
than is indicated.

In estimating the value of primary power it has been assumed that
0 per cent of the power of that elass as measured at the switehboard
of cach plant is salable.  Conditions at both plants are believed to be
Favorable for the development of this elass of power. The value of
secondary power is more problematic, and in an attempt to be conserva-
tive it has been assumed that only 55 per cont is salable.  Krom the
fatter part of March through April, May and eavly June this class of
power is said to be of practically no value between 10 o'clock at night
and 8 o’elock in the morning.

Information relative to the present unit value of power was songht
of the Railroad Cominission of the State of California. Data firnished
indicates that in three comparatively recent contracts between irriga-
tion distriets and power companies, and between power companies, 41
mills per k.w.h. is the priee fixed for all energy delivered. The point of
delivery in one case is at the selling company’s switechboard, and in
two cases at the purchasing comipany’'s substation.

The assumption that 90 per cent of the primary power is salable is
believed to be conservative, since the output of primavy power is made
to correspond to the monthly demand of the Sacramento Valley.
Although 90 per cent is somewhal stricter than frequently nsed, it is
believed that daily fluetuations in demand can be completely faken
care of by the plants without waste of water. The power output at
the JTron Canyon plant ean probably be controlled without undue
fluetuations of the river diseharge below the diversion dam, sinee the
pond back of the latter comprises about 400 acres, which should produce
considerable storage regulation in that it can be drawn down some at
night, when the load 1s light, and allowed to fill during the day time.
During the greater part of the irrigation season the peaks can be
assumed as extending into the region ol secondary power.
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Average gross revenue, Iron Canyon and Mooney Island power
plants. Table 25 is a summary of the average annual output ol
power, dnd the resulting gross revenne [yom the two proposed plants,
according to the various studies made, npon the assimpiion that power
is worth 4 mills per kaw.h.  The present value ol power, as near as
can be determined, lies between 4 and 5 mills per kow.di. As will appear
later. estimates for the projeet have been prepared upon the basis of
power being worth 4, 4} and 5 mills per k.w.h. upon the assmuption
that money used in construction of the project would bear no interest.
In addition, a study was made in which the construction cost of the
reservoir and power features are amortized, assuming compound imter-
est of 5 per cent payable semi-annnally and power delivered at 4 mills
per kawh.  The studies of cost will be found at the end ol the report
nnder “ Summary of Kinancial Considerations.”

TABLE 25. POWER OUTPUT AND REVENUE - IRON CANYON AND
MOONEY ISLAND PLANTS.
Surmmary of average aunual power output for years of record (1805-1924) and estimuted gross revenue for various
assumptions of reservoir control. Power sssumed Lo be worth $0.004 per kowh. at switchboard. Assumed plant
efficiency, 80 per cent.

\ Projeet draft, 800,000 acre-feet ~ Project draft, 1,000,000 acre-feet

. ] [ ‘
Muximum water surface in Iron ‘
CORYOR TERRIVOIT. , s 1 vs s es v 400 405.5 405.5 400 | 4055 105.5
Tnstullation at Iron Canyon darm, |
[k | RN R 100,000 105,000 110,000 | 100,000 105,000 110.000

allnt \
1.6} [SPRS O b R ‘l 10,400 10,400 \ 10,400 ' 10,400 [ 10,400 \ 10,400
|

Iron Canyon plant:
Primary power—
Avernge horsapower, gross. ., | 46,045 50,564
Annual output, kaw.h., gross| 300,720,000 | 330,720,000
Annusl output, kavh., net—=

5 50,545

5 44,020 | 41,020
330,720,000

40,445
264,610,000 | 203,500,000 \ 203,500,000
228,150,000 ‘ 264,150,000 | 264,150,000

00 por cent of gross. ..., 270,650,000 | 207,650,000 | 207,650,000 |
Gross snnual revenue. .. ..., $1,082,600  $1,190,600 | $1,190,600 £052,600 | $1,056,600 51,056,600

Secondary power— \ {
Annnul output, k.w.!h., KrOBS| 240,270,000 | 236,513,000 254,170,000 ‘ 265,510,000 262,500,000 ‘ 280,357,000

Annual output, & ., hot= ‘ ‘
05 per cent o Ceeeee,| 182,150,000 | 120,972 500 | 130,794, 146,105,000 144,375,000 | 154,106,000
Gross annual revenue. .. ,...  $528,600 519,900 b £084,800 £577,500 $616.800
Mooney Island plant: | \ \
Primary power—
Average horsepower, gross. ., 9,075 0,075 0,075 0,075 9,075 0,075
Aunual output, kavh,, gross 50,233,000 50,333,000 59,343,000 | &9,333,000 | 59,333,000 59,333,000
Aunual output, kw.h., nel= |
90 per cent of gross. ..., | 53,400,000 | 53,400,000 53,400,000 = 53.400,000 53,400,000 53,400,000
At Gross nunual revenue. ... ... i £213,600 $213,600 $213,600 $215,600 $213,600 ‘ $213,600
! SOUrces:

Primary and secondary power—|
Amnin! outpul, kowh., gross 600,323,000 626,360,000 | 644,223,000 | 589,753,000 | 615,3: 2,000 633,190,000
Annnnl output, kow.h., net . 456,200,000 481,022,500 | 490,843,000 | 437,745,000 ‘ 161,925,000 471,746,000

Gross annual revenue. . . ... i $1.824,800 ‘ £1,024,100 | §1,063,400  $1,751,000 | $1,847,700 $1,887,000

Power used in pumping. In the 1920 report it was proposed to
serve all lands within the projeet by means of a ‘‘High Line Gravity
Canal’’ diverting from Iron Canyon reservoir at Bend embankment.
In order to irrigate the higher lands on the west side of the river
included in the former report north of Germantown (about mile 60 of
the canal line shown on Plate 2) it is necessary, under the plan of
diversion proposed in this report, to resort to pumping. The pumping
plant to serve the higher lands north of IKirkwood would be located at
ihe Red Bank Creek diversion dam, built integral with the headworks
for the proposed ‘‘Liow Line Canal.’” Six other plants are proposed




112 WATER RESOURCES OF CALIFORNTA.

1o 111 water From the main canal 1o virions tracts, and inaddition two
auxiliary plants fo lilt water a sovond time, with a possibility that the
pumber of plants in this latier class may he inereased.  The principal
areas 10 be served by pumping are shown on Plate 2, the canals for
that purpose being drawn in red. The area of each unit, together with
the lift and power consuniption, is shown in Table 26, while the average
monthly distribution of the prmping Joad is given in Table 27.

For the plan of development considered best, there arve shortages in
power for pumping in years like 1919-20 and 1923-24, as indicated in
the fourth eolumn of graphs on Plate 10. It should be borne in mind,
however, that when there is a shortage of irrigation water the require-
ments for power to pump irrigation water will be correspondingly
decreased unless advaniage is taken of the anxiliary water supply whieh
may be developed by pumping Irom wells.

TABLE 26. PUMPING PLANT DATA AND SUMMARY OF POWER
REQUIRED FOR PUMPING TO PROJECT AREAS.

" | [ :
Cuft. | 1, v \ \ Installed capacity | Power
Loeution Acre-feet | per see. L‘,‘i“f;h [ hiu)z | Priction | Static | Total \ S | consump-
= pumped | muxi- ‘l'l | Il; l“, head \ head head | | tion,
mum ine ‘ s H.P.: | Pumps | kwhs?
Tntake..........| *00153 | 371 \ 63000 | 0.00 | 4.7 | 507 | 549" | 3310 ),348;; 7,260,000
Thomes Creck..,| 41,550 | 171 | 67007 | ©.76° | 5.07 | 37.5" | 42.5" | 1,180 11735 |} 2,590,000
Sta. 11754+00...| 31800 | 1307 | 1850 | 607 | 187 | 427 | 4350 925 }{"‘;é, | 2,033,000
Sta. 2271+00...| 60,100 | 206.1| 8400’ | 7.5' | 83" | 35° | 40.3" | 1380 | 3-36'" | 2,960,000
Second lift from [

i oori400.| 12300 | s0.8| sooo | 457 | 287 | 3¢ | se.8 | 804 | 1-307 | 667,000
Stw. 32604-00... 8606 | 35.3 | 11007 | 8.5 10 | 250 | 26.0' 140 | 1-2477 | 320.000
Sta. 4307400, . | 2008 | 85| 700 | 2.0° | 0.7 [ a5t 1| ianie 35 | 1-12" 78,000
Sta. 4705400, . Sash | 2206, soo’ | B0y | 0.7 | 8 | 35T 131 | 1187 | 288,000
$ta. 4976400, . 486 | M2 | 17000 | 66 | 130 | 42 | 4337 1210 {1738 |} 2660000

Tl it ] WOROB L st o2 vz T T T e T )
Totulinclud-|
ing second: ‘
pumping .| 283990 1. .o.oiciliiiienifiiiniens it siekes myranihs wesansrlns e nifdreisiribannesecinas
| ‘ t .

1 Single barrelin all cases.

+ Lfficiency of plants sssumed to be 70 per eent.
* Ineludes 41,650 acre-feet pumped at second lift.
+ Sooond lift to reach lands above Corning.

¢ Includes 12,360 acre-feet pumped a seeond thme.

TABLE 27. MONTHLY DISTRIBUTION OF PUMPING LOAD.

| |
Month | Kilowatt hours | Horsepower

.................................................................. , 754,600 1,360
............................................................ 1 188,650 340
............................................... \ 043,250 1,750
............................................................ 2,018,400 5,430

................................................ 3,773,000 7,
..................................................... 4,150,300 7,470
e AT R RGN e ST MM e T 3,773,000 6,800
e R B ¢~ v T ey § el eYE e 2,264,800 4,190

................................................................ BT e
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FLOOD CONTROL.

Frequency and estimated volume. 'The curve ol probable [re-
queney of flood discharge of the Sacranento River near Red Bluff,
shown on page 411 of Bulletin No. 5 published by the State Depart-
ment of Pnblic Works, Division of Engineering and Irrigation, indi-
eates that a diseharge of 300,000 second-feet may be expected onee in
about fifty years and that a flood of 250,000 second-feet may oceur once
in about twenty-five years. The maximum discharge sinee the gaging
station near Red Bluff was established occurred on February 3, 1909,
when the flow was estimated to be 278,000 second-feet.

Iron Canyon reservoir as a flood regulator. Studies made; bear
out the statement in the 1920 report that <*The value of the reservoir
for reducing {loods Ties mainly in the possibility ol so operating the
oates of the dam as to produee the desired effeet rather than in any
changes in, or addition to, the desizn for this purpose. Without such
intentional regulation the veservoir wonld have a comparatively small
heneficial effect npon Hoods, while with proper peanlation of the gates
the flood peaks could generally be greatly reduced.”

[ the purpose of Iron Canyon reservoir were solely for flood control,
its effect on floods and the proper method of operation conld be foretold
with some degree of acenracy. When this featnre is combined with
fhe twofold duties of supply for irrigation and for power, however, the
problem becomes far more complex,

fn the report on Iron (‘anyon projeet, published in 1914, the pro-
posal is made that the reservoir be kept empty until the first of March,
and that not to exeeed 100,000 acre-feet be acenmulated by March 15,
and 200,000 acre-feet by Marel 31, If the reservoir had been operafed
according to this plan during the season 1920-21 it. would not have
filled, and there would have been an irrication shortage of 3 per cent
in September, with the 800,000 acre-foot irrigation draft project, or
13.6 per cent with the 1,000,000 acre-foot draft. In 1923-24, with the
reservoir empty on Mareh 1, keeping in mind the priority and naviga-
tion vequirements, only 11,000 acre-feet would have been stored in
AMareh. and there would have heen a power shortage in April, with no
water available for storage, with the vesult that the project would have
had only 11,000 acre-feet ol irrigation water available for use after
May 1, which would have resulted in an irvication shortage of over 88
per cenf.

It is probable that in practical operation the erest ol the floods conld
be reduced materially for some distanee betow Tron Cfanyon dam, but it
is douhtful if this reduetion could be counted upon to the extent that
any less precaution could be taken in maintaining works down stream
from the dam for protection against floods. [u this connection it shonld
be noted that if the maximum outlet capacity at the dam for flood pro-
teetion purposes ix assumed fo be 100,000 second-feet, it wonld have
been necessary, during the three days, February 2. 3 and 4, 1909. to
maintain a flood storage reserve of 415,000 aere-feet to reduce the flow
below 100,000 second-feet ; and, for the period January 15 to Jamtary
99 of the same vear, the required reserve would have been 521.000
acre-feet.

§—00667




114 WATER RESOURCES OF CALIFORNIA.

It is well to keep in mind that there have been seasons of very low
discharge prior to 1923-24, The seasons of 1850-51 and 186364 were of
this type. As the latter followed, by only two years, the excessive flood
season of 1861-62, it is very probable that had the reservoir been in
operation the effect on irrigation would have been disastrous, owing
to the overcaution hound to have been exercised it operated for flood
control,

NAVIGATION.

Effect of Iron Canyon reservoir on river discharge. The average
annual run-off of the Sacramento River at Sacramento is 25,200,000
acre-feet, of which approximately 15,000,000 acre-feet originate between
Red Bluff and Sacramento.

Studies made of water supply and eperation of Iron Canyon reservoir
indicate that with an irrication dralt of 300,000 acre-feet, the minimum
rate of discharge would, for the years of record, usually have been from
3000 to 3500 second-feet, or more, during the months the reservoir is
filling. The discharge from the reservoir during the filling period is
that required to develop the assumed primary power, the discharge
decreasing as the reservoir fills.

Had the reservoir been in operation dnring the past 30 years the
most eritical month of record would have been April, 1924, During
that month the discharge through the dam would have been at an
average rate of about 2900 second-feet. During the month 66,500 acre-
feet would have been stored and had the average rate of discharge been
inereased the reservoir wonld not have filled. The discharge for the
month at the Red Blufl gaging station was 239,000 acre-feet, or at an
average rate of 4000 second-feet. It appears then, that in the event a
rate of discharge in the Sacramentio River below the storage dam in
exeess of 2900 second-feet is insisted upon for the purposes of naviga-
tion during a eritical period such as cited, the water supply of the Iron
Canyon project might be affected seriously. However, the filling period
of the proposed reservoir comes at the season of high run-off of all
streams tributary to the Sacramento River and there would be little
danger of navieation being interfered with through the construction of
the reservoir under present condifions of storage development on tribu-
tary streams, as the flow issuing from Iron Canyon reservoir would soon
be built up sufficiently to meet any reasonable requirement of naviga-
tion, even 1n extremely dry vears, ['nder conditions of ultimate develop-
ment of water resources, other reservoirs would be filling at the same
time as Iron Canyon reservoir, but even though all tributary streams
were controlled by rveservoirs it is probable that power would be
developed at some of them and that the power water dnring this period
would join that from the Iron Canyon plant to create a total discharge
more than sufficient to supply navigdation requirements.

During periods in the irrigation season, when there is a shortage of
natnral flow in the river to supply prior rights, the Tron Canyon projeet
will draw its water from storage in the reservoir and any release from
the reservoir, in addition to the natnral flow of the river plus water for
the Iron Canyon project, wonld be a dirvect benefit to navigation. Such
release is not contemplated in this report. If such release should be
desired, navigation interests should bear a portion of the cost of the
Teservoir.
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Effect of Mooney Island power plant on river discharge. The
whilization of prior rights water at the proposed Mooney Island power
plant on the main canal, 4.7 miles down stream [rom the diversion dani,
involves eonsideraiion of navigation requirements between Red Bluff
and Mooney [sland, for the reason that the river would be diverted
through the main canal befween Red Bauk Creek and Mooney Island,
with the possible exception of a small amount necessary fo supply prior
riehts between the latter points.

Data given in Iouse Document No. 76, Sixty-first Congress, first
session of Jume 28, 1909, indicate that the fotal tonnage of all commerce
passing over any portion of the Sacramento River from Chico Landing
to Red Bluft deereased from 14,586 tons in 1900 to 3280 tons in 1909.
There is at present no traffic on the river north of Chico Landing, nor
has there been for a number of vears even during high water, aceording
to information from the only transportation company operating in thaf
vieinity. It therefore appears thaf under present conditions naviga-
tion between the diversion dam and Mooney Island power plant is not
an important consideration. There is, however, a government project
for maintaining navigation on the Sacramento river in this vieinity
and it would be necessary to obtain the approval of the army engineers,
and possibly congressional action, before navigation above Mooney
Island could be abandoned definitely.

SILT.

Effect of Iron Canyon reservoir. In the plan proposed power
developmént automatically provides storage space for the accumulation
of considerable silf, sinee the storage reserved in Tron Canyon reservoir
For creating the mininum power head amounts to 364,600 acre-teet.
No studies were made to determine the silt content, of the river, or the
length of time the veservoir would serve as a silting basin.

SALINITY IN DELTA REGION.

Tron Canyon reservoir as a possible means of control. Sacrificing
the power feature at Iron Canyon dam would, with other construction
nnchanged with the exception of the arrangement of ontlets through
the dam, supply a reserve storage of 364,600 acre-feet of water in Iron
(‘anyon reservoir to overcome, or.alleviate, the salt water menace in the
delta region should such use be desirable. Such use is not aclvoeated,
but it is demonstrated that there are possibilities along this line.

A report upon Salinity Investigations by the Water Supervisor is
contained in ‘‘Proceedings of the Second Sacramento-San Joaquin
River Problems Conference of 1924.°7 1t is stated: ‘Tt will be seen
that, based on the relation at the 0. and A. Ferry (San Francisco and
Sacramento Railroad erossing near Pittsbnrg) a sum of the Sacramento
and Vernalis flows equal to 3500 second-feet was required (in 1924) to
prevent the encroachment, or cause the recession, of salinity in the
delta.™

The mean discharge of the Sacramento and San Joaquin rivers in
second-feet during the critical period of 116 days, between May 26,
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and September 20, 1924, when the combined flow was less than 3500
second-feet, is as follows:

Source of water l May 26-31 June ‘ July ‘ August Sept. 1-20

= — il . I =4 S e
Saeramenta River (messured at Sacramento) .. 2,208 | 1,323 909 1,366 ‘ 2361
San Joaquin River (measured at Vernalis). . .. ‘ 829 575 420 420 \ 416

Combined mean diseharge. .. ......ooon s 3,127 ‘ 1,898 | 1,329 1,786 2,777
Acre-feet (approximately). . ... { 37,524 113,880 79,740 107,160 111,080
e /'_ e
Total run-off in 116 days, May 20 to September 20, INEIUSIVE. . . . oo ooinen e 449,384 acre-feet
Total run-off in 116 days at rate of 3500 sepond-fasto. . .o i - v e st S g e 812,000 acre-feet -
Approximute el 0 T Ayt JO2E. . s s e i iy e 449,400 acre-feet

e L el 362,600 acre-feet

.................... 364,600 acre-feet

Available storage, Iran Canyon PEServOIr. . .. .---e

1f Tron Canyon reservoir were to be used in the manner outlined
above, the requirements of navigation would be partially satisfied
although the flow in the Sacramenio would not he built up to 3500
second-feet for the reason that the San Joaquin River supplies a
part of the water estimated necessary to aet as a natural barrier
against encroachment of salt water into the lower rivers. In July,
1924, however, the average fow of the Sacramento River at Sacramento
would have been built up to about 3080 second-feet in ¢omparison
with the 909 second-feet which is estimated was the approximate flow.

Other reservoirs. Assuming that other reservoirs will be eon-
structed as time goes on it is possible that their construction, as well
as that of Tron Canyon reservoir, could be so timed that the salf water
menace could be kept in conirol throungh the utilization of water
impounded in excess of that veguired during the early development
of the irrigation projects for which they are buill. Thus, if an arti-
ficial salt water barrier is proven to be feasible, and desirable, ity con-
«trnetion might be deferred for several years, or until it is no longer
advisable to waste the 3500 seeond-Teet estimated to be required to act
as a natnral barrier.

IRON CANYON RESERVOIR, DAM AND POWER PLANT.

Iron Canyon reservoir. The location of the reservoir is indicated
on Plates 1 and 2, adjacent to the project considered in this report.
The dam site is located at the extreme lower end of Iron Canyon and
immediately above the large irrigable area in the Sacramento Valley.
Very complete data on the dam site, including topography, diamond
drill records, geologists’ reports and general discussions, will be found
in the 1920 report.

Data relative to the reservoir now proposed are as follows:

(iross storage to clevation ADBH . e i 1,121,900 acre-feet
Storage reserved to create a minimum power head of 115 feet 364,600 acre-feet 2
Gross storage available for supplying project, including

allowance for evaporation l0SSeS—.—————————--mmmmmmoe 757,300 acre-feet

(Part of the irrigation requirements are supplied from the
tree flow of the river.)
Installed power development at the storage dam_ . ———— 110,000 horsepower

Iron Canyon dam. The dam adopted is of the conerete eravity-
seetion type, with vertical upstream face and 1 to 1 downstream face,

-—
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the latter slope being used to reduee foundation pressures to the prac
ticable limit. The length of the dam on top is 5175 teet. In addition
to the masoury dam, the construction of the so-called Bend embank-
ment is necessary to elose a low gap in the rim of the reservoir lying
14 miles northwest of the main dam. The location of the embankment
is indicated on Plate 2 and the design, as modified for use in this
report, is shown on Plate 14.

Iron Canyon power plant. DBetween stations 12498 and 15435
the seetion of the main dam is modified to provide for power plant
installation. The revised power plant contains four 27,500 h.p. turbine
driven generator units, cach supplied by a 20-foot ecireular peustock
controlled by a 20-foot by 20-foot Stoney gate and protected by trash
racks as shown on Plate 15.

Flood control gates. Flood control is provided through the instal:
lation of 27 10-foot by 12-foot hydraulic operated drum gates set i
the dam to discharge into the present river chanuel, each gate being
protected by a 12-foot by 19-foot Stoney gate located af. the upstream
face of the dam to be operated in case the drum gates, for any reasonm,
become inoperative.

Spillways. To pass floods beyond the capacity of the flood con-
{rol gates 27 large siphons are constructed on the erest of the dam,
in a position to discharge into the present river channel. The channel
bottom and sides, to a point above estimated high water surface, are
lined with conerete as a protection against seonr of the rock forma-
tion. The erest of the siphon spillway is at elevation 392.5, which was
considered the normal water surface of the reservoir in the 1920 report.
In the present report consideration is given to the feasibility of mcreas-
ing the head for development of electrical energy by placing movable
cates on the spillways, which would be lowered if necessary to pass the
Jarger floods. No additional right of way for the reservoir is required
because the maximum clevation of water surface occasioned by an
extreme flood is assumed the same as in the former report.

As brought out previously, consideration has been given to raising
{he normal reservoir water surface to elevation 400 and to 405.5, the
latter appearing to be the better plan. That this raise in water surface
might be accomplished withont making radical changes in the design of
the dani, the gates have been designed to operate within the throat of
each siphon, as shown on Plates 11 and 12, Further consideration may
indicate that a radical change in design of the spillway feature is
desirable.

11 the 1920 report an additional spillway, which might be considered
as an emergency overflow, was provided on the west side of the river
between stations 4000 and 50-4-00. The crest of this overflow spill-
way was at elevation 397.5. the elevation at which the siphons were
assumed to prime. In order to raise the water surface to elevation
400, it is proposed to place vertical steel shutters 24 feet high on the
erest. so designed that if the water in the reservoir reaches elevation
108 (61 feet below the top of the parapets on the dam) they will go out.
To raise the water surface to elevation 405.5, the design of the concrete
erest is changed to provide for the installation of movable drun
vates whose tops, when elevated, would be at this elevation; but when
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lowered, the crest would be at the originally proposed elevation of
9975, Beeause of space ocenpied by piers between gates, the overall
length of the weir would he inereased to 1071 feet. Designs of gates
proposed for installation on the overflow spillway under the two plans
are shown on Plates 11 and 13. In a discussion appearing in the
“ Analysis of Costs” it is shown that it will pay fo raise the water
surface in the reservoir to elevation 405.5.

The designed capacity of the proposed spillways and flood control
outlets in eubic feet per second is as follows:

Elevations of water surface....... ... .ooo-s 340 350 | 3925 397.5 | 4055 410.5

. B e——— A TS PEOC (5T ) EROT T 200,000 200,000 200,000
Flood control gates A 0,000 257,600 58,000 274,500
OV RETIINEY... oo b il o = a gl ] e nsye szl g e saans P yupRF I T *79,200 16£.000

Wbl § b e sy 9§ Y S 159,000 179,000 250,000 757,5()[) 547,200 638,500
|

*With the plan proposed of panels in the averflow spillway for normal water surfuce af elevition 400 this quantity
would be about 35.000 c. f. 5.

Right of way. The proposed lron Canyon dam to store water to
elevation 405.5 will baek the water up the Sacramento River to a
point above the town ol Anderson and up Cottonwood Creek past the
town of Cottonwood. The Red Bluff sheet. U. S. Geological Survey
Reconnaissance Map, shows the elevation of Anderson as 422 and of
Cottonwood as 429. The corresponding elevations given in Southern
Pacific folders are 433 and 423. A map of the reservoir to the 400-
foot contour is shown as Exhibit 6 of the 1920 report.

The proposed reservoir will submerge a portion of the Anderson-
Cottonwood Trrigation District lands and according to the soil map ol
the distriet (Plate 3), on which the 400-foot contour has been super-
imposed, a large part of the (‘olnmibia silt loam in the bottoms will
be submerged. No survey of the 205.5 counfour has been made in
conmection with this report. Ilowever, the State Department of Pub-
lic Works. Division of Engineering and Trrigation, made an estimate
of the valuation of lands and improvements under the 405.5 contonr
in connection with other work, and this estimate, modified to inelude
marginal areas, is included herewith as Preliminary Estimate No. 1.

Estimated cost. The estimated cost of Iron Canyon dam, Bend
embankment and the power plant at the dam is shown in Preliminary
istimate No. 2, while the estimated eost of operation and maintenance
of the power plant is shown in Preliminary Estimate No. 3. In
listimate No. 2 the quantities are the same as used in the 1920 report.
except where ehanges weve made necessary by eliange in the plan. An
effort has been made to revise the umit cost n all cases in accordance
with present prices and latest information as to recent costs on similar
construction work.

Construction materials. In the former estimate it is stated that
sand and gravel for the constrnction of the dam can be obtained from
pits located on the railroad, three or four miles distant from the
dam site.
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DIVERSION WORKS.

Diversion site. The point of diversion for the proposed Iron
Canyon low line gravity canal and for the Red Bank pump line
is on the west bank of the Saeramento River, about 1100 feet southeast
of the mouth of Red Bank Creek. By reference to Plate 17 it will
be noted that the proposed diversion dam is located on the outside of a
long, sweeping eurve in the river and just below the bluffs on which the
ity of Red Bluff is sitnated. The blufl of indurated clay, eravel and
conglomerate, forming the west bank of the Saeramento and fhe north
bank of Red Bank Creek, resists erosion well and holds the Sacra-
mento River in the same channel througheut the year, there being little
danger of the river meandering away from the canal headworks. The
topography in the immediate vicinity of the diversion dam site and a
cross-seetion of the river channel are shown on Plate 16. The char-
acter of the site is indieated in photographs® A, B and C following the
report.

The river at this point is subject to a fluctuation of from 25 to 30
feet, between low water and extreme flood stage, which requires
comparatively expensive headworks and the protection of the canal
against floods. The problem is complicated because of the necessity
of building a dam that will divert the required amount of water into
the canal, and at the same time will not materially raise the water
surface elevation in the river at flood more than it rises under present
conditions. The water surface in the river at low stage under present
conditions is at about Elevation 235, with the extreme possibly a
foot lower.

Plan$ considered. Estimates were prepared for a diversion dam
io raise the water surface in the canal to Klevation 250, and for a low
weir and intake struetnre that would divert at the low water elevation
of 235. In the former, two plans were considered ; the first to provide
for the diversion of approximately 3200 second-feet of project irriga-
tion water only, and the second to provide for diverting 3640 second-
feet of water for use in the development of power at the Mooney Island
power plant, in addition to the irrigation water. The larger diverting
capacity is provided for simply by inereasing the number of head
gates in the canal intake structure and correspondingly inereasing the
length of the sluiceway Hoor. The estimates referred to appear as
Preliminary Estimates No. 4, No. 6 and No. 7. As discussed under
“ Analysis of estimated costs,’” a study indicated that the revenue to
be derived through the sale of power developed at the Mooney Island
power plant morve than offzet the greater cost of building the diversion
dam to raise the water surface in the canal to Elevation 250 and
increasing the size of the eanal to include the water for power develop-
ment. Accordingly, preliminary designs were proposed only for what
is considered the better plan. These are shown on Plates 17, 18, 19
and 20.

Plan proposed. The diversion works proposed are in accordance
with usual practice, consisting of a dam across the river, a slniceway
at one end and a canal intake structure so arranged that the flow into
the canal is at right angles to thal throngh the sluiceway.

* Not included in printed report. Films on file in office of lhe Commissioner,
Bureau of Reclamation, Washingtorn, D, C
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The dam across the present main river channel is of the open weir
type, utilizing roller gates similar to those on the Grand River dam
in Colorado. There are fourteen ol these roller gates, cach 60 feet
long and 15 feet 4 inches high, carried on large piers and making
closure on a low conerete weir. Protection against flow through the
sand, gravel and cobbles upon which the dam is founded is secured
through the use of a deep concerete cut-offt wall and timber sheet
piles, it being assumed that a percolation factor of 6 is applicable to
the foundation material. The gates are operated by electrically
driven hoists located on alternate piers, there being a hoist for each
gate. When the gate is raised, the elevation of the lowest portion
across the waterway is 266.25, or approximately 4 feet above the
elevation of highest recorded water surface. With the arrangement
shown, sufficient area is provided that the water snrface in the high-
est flood of record (estimated 278,000 sccond-feet at Red DBluff
caging station) would, according to calculations made, be raised
ouly about oue foot above the clevation under normal conditions.
The construction of the dam is modified at the south end to make
possible the utilization of the two roller gates nearest the eanal
intake as sluice gates. A light steel operating bridge is provided
across the dam and a fishway is construceted in the wall of the east
abutment.

Canal intake. The canal headworks carries ten 15-feet by 11-feet,
top sealed, electrically operated, radial gates to control the flow
into the canal. On aceount of the heavy excavation for the eanal a
small loss of head at the intake is desirable, and consequently the
vate areas are made generous with a resulting velocity of only 4.5
feet per second through the gates. The velocity of approach across
the sluiceway is about 2.5 feet per secoud. The bridee across the
intake structure is designed to permit passage of a wagon or truek.

Pumping plant for Red Bank pump unit. The pumping plant serv-
img the Red Bank pump unit, with a normal capacity of 371
second-feet, is built inteeral with the main canal headworks, the
plant being placed immediately back of the west gate of the intake.
A wall is built in front of the plant, with its top two feet below
normal water snrface in the canal, so that water passing this
gate in excess of that required to supply the pumps will flow on
into the canal. Provision is made for placing stop planks above the
wall o that the pnmping plant and canal ¢an be operated independ-
ently.

Earth dike. On the north side of the river, east side of the valley,
a dike is required across the overilow channels to high ground, 17,000
feet to the northeast, to prevent water passing avound the end of the
dam and undermining the abutment. The dike proposed has a top
width of 10 feet; 3-to-1 upstream and 2-to-1 downstream slopes; and a
waximnm height of about 30 leer where it dams a slough.  The top
of the dike 15 at the clevafion of the roller gate piers at the dam and
rises ot an even slope until it reaches the 280-foot contonr.  No road-
way s proposed on fop ol the dike.

Effect on lift to Red Bank pump unit. It should be noted in
passing that the construetion of the diversion dam to raise the water
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surface 15 feet will result in a reduction by that amount in the head
against which water must be pumped to the Red Bank pump umt.

Construction materials. Sand and gravel for concrete structures
are available at the dam site.

MOONEY ISLAND POWER PLANT AND WASTEWAY.

Head available. As indicated on Plate 17, the Mooney Island
power plant is located at a point where the West, Side low line canal,
in skirting the overflow bottoms, approaches very close to Mooney
Island Slough, also known as Ides Creek. Between the diversion dam
and Mooney Island Slough, the Sacramento River drops faster than
does the canal. This difference, added to the 15-foot raise in water
surface at the diversion dam, results in a head of about 31 feet available
for power development at Mooney Island, as shown on Plate 22.

Power plant. The preliminary design of the proposed power plant
and wasteway is shown on Plate 21, The power plant is so located that
the intake is direetly from the main canal, the flow to the plant being
controlled by fonr 15-feet by 12-feet radial gates with gate sill set 6
feet above the floor of the canal. The power installation consists of two
5200 h.p. units, protected by trash racks in the torebay. Water passing
through the plant will discharge directly into Mooney Island Slough.
1t will be necessary to do some dredging to the river, a distance of
about 3500 feet, to provide sufficient eapacity for the disposal of the
tail water, normally 3640 second-feet.

Wasteway and check. A four-barrel siphon spillway and a three
barrel sluiceway of 3750 and 1125 second-feet capacity, respectively,
are proposed for the protection of the canal. These wasteways are com-
bined with a check structure, located about 300 feet below the power
house intake. In the check structure are four radial gates 11 feet wide
by 12 feet high, which serve to control the head at the power plant
above and the flow into the irrigation canal below. Estimates of cost
appear in Preliminary Estimates Nos. 8 and 9.

Construction materials. Tt is assumed that sand and gravel for
conerete will have to be hauled 13 miles.

Construction program. If the project is built, consideration should
be given to the construction first of the diversion dam, Mooney Island
power plant and the 4.7 miles of canal between them for the purpose of
wenerating power for use in construetion of the Tron Canyon dam. The
canal between the diversion dam and power plant has a surface area of
approximately 100 acres and in itself will serve as a regulator of the
Anctuation in discharge through the power plant.

MAIN CANAL.
(West Side Low Line Gravity Canal.)

Basis of surveys and estimates. At the time the loeation survey
for the main canal was started it was decided to use low water level in
the river at the mouth of Red Bank Creek as-the elevation ol water
surface in the canal at diversion, no studies having been made at that
fime as to the relative costs with and without a diversion dam. There is
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a difference, therefore, of 15 feet between the elevation of the line
actually surveyed and that of the probable location between the diver-
sion dam and Mooney Island power plant. No attempt has been made to
determine the economical use of this 15 feet. It might be utilized for
developing secondary power at a drop near the Mooney Island power
plant if the demand for this class of power shonld occur in the future;
a part of it might be used to inerease grade, thereby reducing the size
of canal section; or it may be advisable to hold the eanal up, making
the 15 feet drop at some poiut as far sonth as Corning. This should be
considered in the final designs but the accompanying estimates based
upon the located line, are deemed sufficient for the purpose.

Profiles of the lines located are shown on Plate 24, accompanying the
report in roll form,* a ‘‘key” to which will be found on Plate 23.
Typical eanal cross-sections and hydranlic properties are shown on
Plate 25. The estimated cost of the main eanal is given in Preliminary
Estimate No, 10.

The main canal was located on relatively flat grades in order to reach
the irrigable avea with as short a canal as possible, since, at best, the
project is very long and narrow. A grade of 00015 was adopted for the
entire line, with the exeeption of the 4.7 miles between the diversion dam
and Mooney Island power plant where the slope is .000075, for the
reason that this grade appeared to meet the requirement of the studies
of alternative projects in which the area included might be located
¢arther south than in the project reported upon, more nearly than any
other grade ov combination of grades. Funds available for the investi-
gation have limited this report to what seems to be the most economical
project.on the west side of Sacramento Valley with diversion at Red
Bank Creek. However, additional studies of alternative plans should be
made to determine the location of the area which could be served most
economically from Tron Canyon reservoir., With this in mind the survey
of the main line was extended as far as Putah (reek as explained under
“Surveys.”’

The cost of lining the main canal with concrete is relatively high, and
althongh the estimates were based upon a fully-lined canal below
Mooney TIsland power plant, it has been assumed that this investment
might be deferred by operating the canal unlined for several years at
about two-thirds of its capacity lined. Building unlined canals to be
lined at a later date works out well on the Orland project, where the
force which operates the distribution system dnring the irrigation
ceason is used on the concrete lining work during the winter months,
thus keeping the organization intact. Diteh riders serve as foremen.
Upon the assumption that lining may be deferred, the canal for the
first 70 miles of its length was designed to give a velocity near the
maximum safe veloeity for the material in which it is to be built. The
result is that the velocities for the eanal when lined are rather low.
Below mile 70 the sections were designed to give water depths between
one-third and one-half the bottom width, resulting in unusually low
veloeities. A deeper section would produce higher veloeities and there-
fore less excavation and eoncrete lining, but, npon the other hand, the
cost of cheeks and turnouts would be greater. Had a project been

» Plate 24 of printed report compiled from originals (8. V. 44: 41-D-115), submitted

by Walker R. Young to the Bureau of Tteclamation, June, 1925, and on file In its
Denver office,




DEVELOPMENT OF UPPER SACRAMENTO RIVER. 123

adopted for study, including no pumping, or had one been adopted
in which lands in the vieinity of Woodland would be supplied by a
aravity eanal diverting at Red Dank Creek, the water to be carried
at any point along the canal would have been greater, with a resulting
inerease in veloeity, A study of the economic balance of grade against
eross-section of canal is one which must be made before final estimates
are prepared. It is probable that such a study will indicate that the
adoption of grades and sections other than used in the preliminary
estimates would resulf in a small saving in the per acre cost of the
project.

From Mooney Island (station 254--33) to station 4976-4-00, a berm
is provided on the right, or upper side, with slope above at one-half to
one if in eut. This berm is for construetion purposes only, and is pro-
posed for use in connection with lining of the canal. Some economical
method of placing the entire lining from the left bank may be developed
hefore or at the time of construction, whieh would make the berm
UNNECesSATY.

Tn order that maintenance of the eanal might be held to a minimunt,
it was decided fo raise the water level in the ¢anal not more than two
feet above eround surface on fairly level conntry and hold it at
eround surface on steeply sloping or sidehill land. From near mile 45
to mile 105 the location of the proposed canal parallels the main canal
of the (lenn-Uolusa Irrigation Distriet at an elevation about 40 feet
higher than the constructed canal. This is considered a very good
reason [or placing the proposed canal well in the ground, as a break in
the Tron Canyon canal would jeopardize the (+lenn-Colusa canal. With
a coneréte lined canal the water surface in fairly flat ecountry might,
with safety, be raised to 3.0 feet above the ground level. Between
stations 1175--00 and 2045400 a camparatively deep canal section was
adopted to save on excavation and concrete lining, as the location
between these points is generally on steeply sloping country and as
there is no oravel for concrete ageregate between stations 1626 and 2045.

Excavation, North of Stony Creek the country is rather rough
topographically and the excavation will be in gravelly soil, if being very
likely that occasional hard strata and cemented eravel will be encoun-
tored. Between Stony Creek erossing and mile 70 the canal is located in
fairly level country where the digging should be easy. From mile 70
to ahont 108, where the canal skirts the foothills paralleling the Glenn-
Colusa canal. the excavation will be in rolling eountry with some
heavy cuts. Sonth of mile 108 to the end of the canal the conntry is
smooth and digeine should be easy. No difficulties of construction are
expected, but as no test pits were dug to ascertain the charvacter of the
material bevond that observed in eut banks and exeavations along the
line. no classification was attempted. It has been assumed in the esti-
mates. however, that the unit cost of excavation north of Stony Creek
will be materially more than south of that creek. Tstimates are based
upon the use of dragline excavators.

Special congiderations, upper 4.7 miles of canal. The canal between
the diversion dam and Mooney Island power plant will be of unusual
proportions, and as the designed water depth is 16 feet the hottom of
ihe canal will be several feet below the ground water table during
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times of high water in the river. The eanal will be located in gravelly
material, and the lower canal bank will serve as a levee, or dike,
to prevent the viver from breaking into the caunal. Under these con-
ditions it is doubtful if conerete lining eould be sufficiently weeped
to prevent displacement by external pressure. Attention is called {o
the section and hydraulie properties ol this portion of the canal, shown
on Plate 25,

By reference to Plates 2 and 17 it will be noted that above Mooney
Island the canal is some distance from the river channel. The veloeity
of the current along the river side of the dike ean never be a serious
cousideration on account of the heavy growth of timber and brush
between it and the river. A 20-foot road is provided on the canal bank,
just behind the dike, for use during construction, and for use in
operating and maintaining the canal. The dike will probably be
built with draglines. The 5-foot top width shewn is for no purpose
other than to produce a suitable thickness of bank at high water line
with the slopes adopted. Under the ¢onditions it is probable that the
Freehoard shown is eonservative, since it results in a levee whose
fop is 8 feet above a flood whieh has oceurred only once in thirty years
or more.

Canal lining. Of the entire length of 120 miles of the main canal
it is proposed to ultimately line with 1:24:5 plain concrete all but
the 4.7 miles between the diversion dam and Mooney Island power
plant. From station 25333 to 2878-20, where the section has a
bottom width of 23 feet and water depth of 9.7 feet, to carry 1485
second-feet, the lining has been made 4 inches thick. Below Station
287820 the thickness is reduced to 3 inches.

It is possible that in certain arcas, where the heavier clays and adobes
are encountered, it will not be necessary to line the canal, as seepage may
be expeeted to be overcome by the natural silting of the canal, and
economy might result by enlarging the canal in these areas rather than
to line it.

Structures. Estimates are based npon the assumption that all
canal structures will be of the highest type of concrete and steel con-
strietion.  Although canal strueture drawings are not inchided in the
report, preliminary designs were prepared in sketeh form for use in
estimating quantities.

Siphons. Siphons to carry the canal under stream beds and water
courses will be an expensive item of construction, due not only to the
large number required. but also to the shallowness of the channels
which are proportionately wide. The preliminary estimates include
fhe construetion of 29 siphons at the following ereeks:

Coyote Creek Rice Creek ITunters Creek

Oat Creek Yranch of Rice Creek Funks Creek

Gerber Creek Stony Creek Stone Corral Creek
Elder Creek North Fork Willow Creek Fresh Water (‘reek
MeClure Creek Wilson Creek Salt Creek

Thomes Creek Sheep Corral Creek Spring Creek

Ist Creek South of Thomes Freonch Creek Cortinn  Creek

24 Creek South of Thomes Branch South Fork Wil- North Fork Sand Creek
Sd Creek South of Thomes low Sand Creek

41h Creek Sauth of Thomes Logan Creek Shone Creek
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The {ypical design adopfed consists of a one, two or three cireular,
veinforeed conerefe, barrel strueture across the ereek channel, with s
fop buried about 3 feet helow fhe ereek bottom. At cach end the
trausition from the eanal seetion to the siphon barvel is made by
utilizing easy reverse curves in the form of a bell mouth, the bottom
dropping as the seetion is narrowed. The transition from square to
cirenlar is made within the barrel. The dianeter of the barrels ranges
up 1o a maximum of 16 feet 3 inches, depending upon the location of
the siphon.

The designed velocities were made comparatively low fo save head,
the veloeities ranging between 7.1 feet per second at the upper end of
the canal to 3.3 feet per seeond at the lower end. The capacity was
caleulated by Scobey’s formula Q=—=0.00546 C.d**7H"? given in Bulle-
tin No. 852 published by the United States Department of Agriculture,
assuming a value of (= 0.345. An allowanee was made of 5 per cent
over the average losses as determined from experiments, which modi-
fies the above formula to Q=0.0052 == 11"", The head utilized
at each of the siphon erossings is shown on the eanal profile. Plate 24.%

Wasteways. Wasteways will also be au expensive feature of the
canal on acconnt of the scarcity of streams with deep channels. Most
of the streams crossed ave only flat depressions without the usual
stream banks. There are no well defined channels between Willow
Creel (mile 64) and Brush Creek (mile 120) whiceh reach the Sacra-
mento River or the main drainage canal through Colusa Basin. The
present. deficient ¢hannels must be opened up and in addition some
provision must be made, probably n the form of siphons, for carry-
ing waste from the proposed Iron Canyon canal under the Glenn-
Colusa eanal. No diffieulties are encountered at the railroad or hieh-
way sinee the struetures over wasteway ¢channels are already of ample
dimensions to pass the waste water from the canal. A redeeming
feature of the wasteway problem is that a start will have been made
foward solving the possible projeet drainage problem at the time the
wasteway channels are opened up.

Following is a list of wasteways proposed, their locations are indi-
cated on Plate 2.

Approzi- Normal
mate capacity in
neile Name of creek second-feet
B e s — K C.L.. .. Mooney Istand Slough 4875

14 T T W T . __Thomes Creek 2830
N LD il — e Rice Cregk 2450
B8 e — T WX _Stony Creek 2170
I T Aot i North Fork Willow Creek 1490
OB L o o o Rdenr ek 1030
8H- Do o e e s Skl (Ooreel) (Oreal 1030
Q- o e e e (e WlTier GyRek 040
¢ e R T T SO e R e _Cortina  Creeck 280
114} SOV AT o ____Brush Creek 65

In the typical preliminary design adopted for estimating purposes
the wasteway is constructed in the lower canal baunk, the discharge

* Not shown on cendensed profile of this bulletin.
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from the canal being confrolled by electrically operated steel radial
gates mounted in a reinforeed concrete strueture. It s assumed
that the driving motors will be remote controlled from the diteh rider’s
(uarters.

At present the Glenn-Colusa eanal is earried across Stony (reek by
simply constructing the lower canal banlk across the ereek. This bank
is reconstructed each year as necessary. In order that Stony Creek
may be utilized as a wasteway for the proposed Iron Canyvon eanal
it is assumed that it would be necessary to construetl a siphon to carry
the Glenn-Colusa canal under the creck. Althouzh the Glenn-Colusa
expends some money in maintaining the present crossing, and wonld
probably be willing to contribute a portion of the money required for
the construction of the siphon, it has been assumed in the preliminary
estimates that the enfire cost would be borne by the ITron Canyon
project.

Side drain intakes and culverts. Moods in the Sacramento Valley
have ocenvred frequently in the past between Willows and Knights
Landing Ridee, especially below the Willow Creck drainage area.

During a storm extending from February 28 to Mavceh 9, 1911,
which eaused serious flooding of arcas in the vicinity of Willows it is
reported that a total of 7.04 inches of rain tell, distributed as follows:

Kebrunry 28-- - - e L5 e — st imehed
March PR et : AT, .90 inches
D e Mt ] e s o e s e LN AERCTI O

v B e e e S L e

4 e . e e 30 inches

5 el S e o0 inches

|| - I G N S W e T T

Yos T e e e e e 0 inches

(i B e e ey T s 1 I CHEY e 03 inches

e T e e - e s B e — . .01 inches

The maximum rainfall for any one month in this area during the
period of 1878 to 1915, inclusive, was 9.39 inches. The guantity of
7.04 inches therefore is probably the maximum for any 10-day period
which gave estimated run-off for the preparation of a report on Knights
Landing Ridge Cut project by Haviland and Tibbetts, engineers, dated
November, 1912, for streams from Willow Creek to Cortina Creek,
inclusive, as follows: .

Willow Creek and Walker Creek . _____ 15,000 second-feet
Lopan Ceeele 100 second-feet
B teca Grbalorn U P S e e e G50 second-feet
yasl oty (0T P e o L 200 second-feet
StoneCoreal Credke— - -~ . = s ameeee et Becomnd-foet

Lurline Creek. .. e eyl B P P AL S S 915 second-feet
¥reshwater Creek____ S12 second-feet
Salt Creek e SR, s G 121 second-feet
0ld Cortina Creek P, — 20 second-feet
Castitg S Ceslionn FETEs e SRR BT e e s 003 second-feet

D T s e e = e R e ey e — . 19,101 second-feet

It 1s probable that the canal of the proposed Iron Canyon project
may be ntilized to some extent in velieving this eondition by taking
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some of the run-off near Willows and carrying it to wasteways farther
down the line, thus distributing the flood over a larger area. In accord-
ance with this plan of caring for {lood waters in the minor channels,
97 overflow, or side drain intakes have been planned south of Stony
C'reck instead of culverts. There arve only three culverts definitely
planned but $100,000 has been added to the estimate, for culverts that
probably would be required north of Stony Creek. Any other expendi-
ture would be cared for under a supplemental plan, as this expendi-
ture would be the result of conditions which might develop after the
canal is constructed, including, possibly, means for taking a part of
the water from some of the main ¢hannels into the canal. No attempt
has been made in the preliminary estimate to determine what this
expenditure might be and nothing has been allowed for if.

Checks. There are 53 cheeks proposed for comstruetion in the
main eanal, the side slopes of the canal being warped to the vertical
to accommodate radial gates. The bottom of the canal at the gates 18
made the width necessary to give a gate area equivalent to the water
way area of the canal, with a resulting uniform flow through the
checks. The gates are actuated by hand-operated worm-gear hoists
mounted on an operating bridge over the check structure.

Drops. In the preliminary location survey drops in grade were
made as indicated on Plates 2 and 24 as follows:

(1) Fifteen feet just helow the location of Mooney Island power
plant,

(2) Nine feet near wile 73, for the purpose of avoiding rough side
hill construetion north of the Mills Orehard tract, and to avoid
cutting through the tract. If by the time a final location
survey is made, these orchards have been extended to cover
the preliminary location, it may be more economical to retain
this nine feet of grade until Stone Corral Creek is reached.

(3) Two feet at Stone Corral Creek, to avoid expensive right ol
way in the Mills Orchard settlement, and to obtain a more
economical ent for the canal section adopted,

(4) Two feet at Sand Creek, in order to utilize the present railroad
and highway erossings just north of Arbuckle. This results
in a better location, considering improvements in, and near,
Arbuckle.

It is assumed that the inelined ehute type of drop will be nsed.

In the preparation of the estimates, the two-foot drop at Sand Creek
was replaced by three others aggregating two feet between miles 94
and 115 to keep the canal in economic cut. In the final location it is
probable that the line would be shifted to higher ground, eliminating
the three drops.

Bridges. The type of bridge adopted for carrying the highway
and roads over the main eanal is the single span steel truss north of
mile 106 and the single span steel I beam type south of that point. In
all cases it is assumed that the maximum load to be carried would be
one 20-ton truck. The computations of the trusses were based upon
the American Bridge Company’s formula for one 15-ton truek, 25 per
cent being added to the resulting weights of steel to allow for the
increased loading. Computations of the I beam type bridges are based
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upon the Formula and standard specifications For steel Lighway bridges
adopted by the American Association of State Ilighway officials,
approved for federal aid roads, and appearing in Bulletin No. 1259
United States Department of Agrieulture.

The estimaies provide [or 50 truss bridges having spans from 39 to
76 feet and 5 I beam bridges with spans of 94 to 31 feet. A 16-foot
roadway is provided in all cases. Conerete floors 5 inches thick arve
provided on fhree truss bridees and one I beam bridge on paved roads. e
All other bridges carry wooden fHoors made up of 3-inch decking and
92.inch flooring. Conerete abutments are estimated in all eases.

2

Railroad crossings. Five railroad erossings are required as follows: 8
Southern Pacifiec main line nort h of Tehama.
Southern Pacific main line south of Tehama.
Sonthern Pacific ITamilton branch east of Orland.
Southern Pacifie main line north of Germantown.
Southern Pacific 1oruto braneh west of Willows.
The railroad to Sites has been forn up. The type of crossing adopted
for purposes of the preliminary estimates is the solid reinforced con-
crete deek bridge carried on conerete piers and allowing for a fully
hallasted road bed.
Turnouts. In the absence of a survey of the lateral system it was
assumed that turnouts should be located at intervals of abont one-half
mile along the main canal. The amount of water to be delivered to
various areas in the project is {aken from column 5 of Table 8 and
the average capacity of the turnouts is determined by dividing by the
number in the seetion of canal considerved. It was found that a total
of 298 turnonts are required, inelnding 2-3-foot by 3-foot boxes; 33-24-
inch cireular; 81-18-ineh cirenlar and 112-12-in¢h eireular turnouts.
The design contemplates steel serew 1ift eates installed in concrefe
turnout structires, the gates for the eirenlar turnouts being set on a
slope on the inside of the lower canal bank.
A box turnont with east iron gate is assnmed to be required to
supply the avea to the east of the canal between the diversion dam and
Mooney Island Slough on account of the distance through the high
water dike and the back pressure on the turnout when the river is high.
Anotlier such structure is assumed necessary to snpply the area east
of the railroad, and immediately south of the Glenn-Colusa Irrigation
District, as the topography of that area is snch that a lateral along
the novth side of Cortina Creek will probably be required.
Fences. The preliminary estimates are based upon the assumption
{hat a fenee will be provided on each side of the main canal for its 3
entire length. Three barbed wires, strung on posts spaced 211 to the
wmile, ave assumed.
Telephone system. The system assnmed ineludes 42 telephones in
booths served by 128 miles of line, utilizing 40-foot and 23-foot poles
spaced 30 to the mile.

Patrolmen’s quarters. It is assumed that eight patrolmen will
be regnired to operate the main eanal, with quarters located as follows:

At intake P ||| | SRt ———— mile 60
Thomes Creek - . _mile 15 P e, ||
Rice Creek _—_. .. ___mile 30 (ilen Valley Slough - —_.mile 98

T S T Cortina Creek —__mile 109

—<_
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lu the preliminary estimate provision is made for the construetion of
a small cottage and garage for each patrolman.

roject headquarters. Project headquarters offices are included in
a separate estimate, as this expenditure should be distributed against
all features of the projeet.

Clearing and grubbing. There will be considerable elearing of
right of way necessary on the first forty miles of canal, but very little
south of there. This item will involve the removal of growths ranging
from heavy timber and brush to vineyards.

Right of way. As mentioned under “Surveys,’’ an effort was made
to avoid all expeusive vight of way. The greatest interferenee was
encountered at the town of Gerber, where it appears that it will be
necessary to run the canal along the east townsite line, unless a
material change is made in the final location. If the preliminary
location were adopted it would be necessary to move a hop plant and
a residence. as well as to reconstruet several blocks of street.

Construction materials. Sand and gravel for concrete in the canal
lining and structures, inclnding the lateral system, can be obtained in
sufficient quantities in the creeks betweeu the diversion dam and about
mile 32 on the main canal, with an average haul of from 0.8 to 3.3
miles. DBelow mile 52 it is assumed that conerete ageregate will be
shipped from Orland to suitable points on the Southern Pacifie Rail-
road. from where the maximum haul would be about five miles in
addition to distribution along the canal.

RED BANK PUMP CANAL.
(West Side High Line Pump Canal.)

Basis of surveys and estimates. The Red Bank pump unit ineludes
a gross avea of 39350 acres to be watered by pumping at the project
diversion dam at the mounth of Red Bank Creek. As this is the largest
area proposed to be irrigated by pumping, and sinee it is typical of
other areas 1o be served by pumping from the main gravity canal, a
field survey and preliminary estimate were made to determine whether
the pumping arcas shonld be ineluded within the project upon the
basis of relative cost. The cost of carviage for the large pumping units
of 13,500 acres and 21,300 acres adjacent to the Orland project was
estimated at $10 per acre in excess of the distribution cost. For the
vemainder of the pumping areas no estimate was made for main canals
loading from the pumps. as these were considered a part of the dis-
fribution system, with estimated cost of pumping plants added. Pump-
ing plant data are shown in Table 26.

As indicated on Plates 2. 17, 18 and 24, it is proposed to lift 371
socond-feet of water 50 feet from the main canal at its head to the Red
Bank pump canal at clevation 300, which is about the highest eleva-
tion at which a canal can be construeted withont getting into the
rougher country farther west. Additional lifts are proposed at
Thomes Creck to laterals at elevations 300 and 320, it being pro-
posed to carry the lavger canal at the lower elevation to avoid
the rongher country.

4—50667
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The pumping plant eontains three electrieally driven 48-inch cen-
{rifugal pumps, delivering water into a 9-foot diameter wood stave
pipe line about 1} miles in length to the head of the high line canal.
The canal is approximately 25 miles in length and wastes into the
canal for the second pumping unit near Kirkwood, via Rice Creek.

Excavation, concrete lining and structures. The constroction of
the proposed Red Bank pump eanal is similar to that of the main
canal. For the upper 4.3 miles north of Elder Creek the excavation
will be more difficult than to the south, and the estimated unit cost has
been doubled. As indicated on Plate 26, the canal is to be lined
throughont with plain concrete 3 inches thick. All struetures are
assumed to be built of conerete and steel.

Siphons. Ten siphons are estimated at the following places:
1 <

Coyote Creek MceClure Creek

Oat Creek South Fork MeClure Creek

South Fork Oat Creek Ifirst ereck south of Thomes Creek
Elder Creek NSecond ereek south of Thomes Creek
Truckee Creek Third e¢reek south of Thomes Creek

Wasteways. Wasteways with hand operated gates are proposed
at Thonies Creek and Elder Creek.

Other structures. Other structures estimated inelude:

22 36-inch diameter culverts.

2 flumes.

19 cheeks.

14 bridges oI the steel T beam {ype.
13+18-inch diameter turnouts.

33 12-ineh diameter turnoufs.

50 miles of TYence.

26 miles of telephone line serving nine telephones.
3 patrolmen’s quarters.

Right of way. It is estimated that 313 acres of right of way will
be reqnired.
EAST SIDE CANAL.

(To serve 7000 acres gross area east of Red Bluff.)

Basis of estimates. On Plate 2 this eanal is shown diverting
directily from Iron Canyon reservoir. In Ixhibit 6 it is described as
about 67} wmiles long, diverting at [ron Canyvon dam at elevation 300
and ending at the northerly corner of lot 35, subdivision No. 9, of the
Lios Molinos Land Company’s tracts. In the estimate prepared by the
State Department of Engineering the ecost of this eanal is given as
463,611, including 20 per cent for eontingencies and extras. In order
to put this estimate upon the same basis as those prepared in connection
with this report, additional items are included, and the figure for con-
tingencies and extras was inereased to inelude 10 per cent for engineer-
ing and administration and 15 per cent for contingencies. A summary
ol the revised estimate will be found in Preliminary Estimate No. 14.

In Table 8 the maximum capacity of the canal, including a 15 per
cent inerease for the daily peak in July, is 86.4 sccond-feet. The esti-
mated cost of exeavation and eoncrete lining for the canal of 74 second-
feet capacity assumed in Exhibit 6 was increased by 10 per cent in
Preliminary Estimate No. 14 to allow for the increase in capaeity. The
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cost of items added is based upon the estimated cost of similar features
on the Red Bank pump canal.

DISTRIBUTION SYSTEM.

Basis of estimate. Kunds available for the investigations did not
permit of a detailed survey and estimate of cost of the distribution
system, nor were such surveys and estimates considered necessary at
this time, since costs of similar construction on other nearby projects
are indicative of what the Iron Canyon system may be expected to
cost. Dasing the estimate npon the cost of the distribution system of
the Orland projeet, and the Brentwood District recently ecompleted in
the lower San Joaquin Vatley, the cost of the Iron Canyon system is
placed at a total of $30 per acre, assuming that water would be deliv-
ered 1o each 40-acre tract by a lateral system 60 per cent of which
would be concrete lined. The $30 is assumed as a charge to be paid
on cach acre within the project against which the cost of the project
is assessed (95 per eent of the gross area).

DRAINAGE SYSTEM.

Requirement. The conelusions of the 1920 Iron Canyon report
regarding drainage ave quite correct as far as the Orland project is
coneerned. It has always been maintained that with the natural surface
and subdrainage conditions on the project, together with the intelligent
application of a reasonable amount of irrigation water as well as
maintenance of the natural water courses traversing the project area in
an unobstrucied state, no drainage problems would be encountered.
This conclusion has been borne out by the experience of 14 years
operation of the project. Where seepage or water logging has developed
in the small degree that it has, it is the result of the use of an excessive
amount of water and draining the surface surplus into naturval water
courses which have been permitted by the various landowners to hecome
congested with vegetation and in some ecases obstruefed in the farm
leveling operations.

Basis of estimate. Natural drainage conditions, such as exist
on the Orland project, are rather the exception than the rule. A portion
of the area within the proposed Tron Canyon projeet will be devoted to
rice culture, in connecetion with which drainage facilities are as
important as the irrigation works. Although only about one-ifth of the
{otal area is considered suitable for rice culture, such lands are nearly
all located south of Stony Creek so that the bulk of the drainage water
will flow into the Colusa Basin and finally into the drains mow con-
strueted through the basin. These drains would probably have to be
enlarged to care for the increased flow unless some other disposition is
made of the Iron Canyon drainage water. In this enlargement con-
sideration musf be given to waste water from the project eanals which
in an emergeney might equal in amount the carrying capacity of the
main canal. Use of the drainage canal would probably be permitted by
agreement with the drainage distriet but this agreement would undoubt-
edly involve reimbursement to the distriet for work already done in
addition to the cost of enlargement.

Tt is not likely that extensive drainage works will be necessary north
of mile 50 on the main eanal, nor will drainage be required on all areas
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south of there, but in absence of accurate classification of areas it is
estimated that a uniform total charge of $15 per acre should provide for
any construetion on account of the drainage problem. Cost to be levied
against 95 per cent of the gross area within the project.

OPERATION AND MAINTENANCE—CANAL AND DISTRIBUTION
SYSTEM.

Basis of estimate. As stated previously, it seems imperative that
the rotation system of irrigation be adopted for this project on account
of the long carriage system without any regulating reservoirs. Although
this is not the most convenient method for the water users, it undoubt-
edly redueces the cost of operation to a minimum. The cost of operation
of the gravity system then should compare favorably with the minimum
cost on other Bureau of Reclamation projects. Since, as proposed, the
canal is to be constructed with water surface near the ground level, and
as a generous allowance has been made in the design of the section for
growth of vegetation, the item of maintenance should also be eom-
paratively low. The combined operation and maintenance of the system,
exclusive of pumping, should therefore compare favorably with mini-
mum costs on other Bureau of Reclamation projeets, and should never
be more than the average. The cost reports for 1924 indicate that during
the years 1918 to 1924, inclusive, the minimum average cost per acre
irrigated for all projects was $2.12 in the year 1922. The average acre
cost for the Yakima-Sunnyside project during the period 1918 to 1924
was $1.47 per acre irrigated.

Operation and maintenance costs on the Orland project and Glenn-
(olusa Irrigation District are of particular interest as the areas are
adjacent to that of the proposed project. The costs are as follows :

Orland project operation and maintenance for 1923, which 1s
assumed to be a typical year. Total cost $33,081.

Acres irrigable 1 Acres irrigated® ‘ Acre-feet delivered ‘ Acre-feet diverted
{ -
Number ‘ Unit cost | Number E Unit cost \ Number I Unit cost Number ‘ Unit cost
20,174 31.64 ‘ 15,500 ‘ $2.13 46,922 80.70 ' 73,191 ‘ 20.45

Costs for 1924 not. given as during that year the Orland projeet suf-
fered the most severe water shortage in its history.

Glenn-Colusa Irrigation District operation and maintenance for
1924, which was more or less a typical year, although the amount ot
water diverted and the area of irrigated crops were considerably less
than in 1920, 1921 and 1922, Total cost $118,718.%

A Fows . Acre-feot diverted, exclusive
Acres irrigable Acre-feet diverted of pumplng expense
{

Number \ Unit cost ’ Number Unit cost Number Unit cost

|
116,599 §1.02 \ 270,000 $0.44 270,000 80.28

1 Average operation and maintepance per acre irrigated, 1918 to 1924, inclusive,

“Tincludes item of $48,682 for pumping plant expense.

—
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Cost per acre irrigated omitted for the reason that much of the area
is in rice, and a considerable portion in 1924 was in pasture.

The district receives its irrigation supply by pumping from the Sacra-
mento River through heads ordinarily varying from 6 to 8 feet during
the greater part of the irrigation season.

Estimated Iron Canyon project operation and maintenance charges.
As shown in Table 8 the water estimated to be required for the Iron
(‘anyon project is 800,000 acre-feet per year. Based upon the above
annual costs on other projeets it appears that $0.50 per acre-foot of
water diverted would be a safe estimate for application to the proposed
project, exclusive of pumping. Assuming $0.50 an acre as correct, the
annual operation and maintenance charge would be $400,000 or at the
rate of about $1.55 per acre on the 263,055 acres against which it is
assumed the charges will be assessed, which is equivalent to about $1.75
per acre on the 85 per cent of the gross area considered irrigable.

To the above must be added the eost of operating and maintaining the
pumping plants shown in Preliminary Estimate No. 13 as $299,950 per
vear; equivalent to a charge of about $1.15 per acre distributed over
the 263,055 acres against which costs are assessed. The resulting total
estimated cost of operation and maintenance for the Iron Canyon
projeet is, therefore, at the rate of $2.70 on each acre assumed to be
assessed (95 per cent of the gross area).

- ANALYSIS OF ESTIMATED COSTS.

Iron Canyon reservoir. Results of studies made to determine the
relative economy of raising the water surface in the reservoir to eleva-
tions 400 and 405.5 may be summarized as follows :

(a) Estimated cost including 10 per cent overhead and 15 per cent
contingencies :

To raise water surface from elevation 2025 to 405.5. Preliminary Estimate

AR 7 g e N T e e T S748,000
To raise water surface from clevation 392.5 to 400, Preliminary Estimute

I e ot b S RS A e 183,000
To raise witer surface from elevation 400 to T ) R SR S L B 565,000

There would be no extra cost for right of way and little, if any,
inerease in operating cost. Bend embankment is not affected as free-
board provided is against floodls.

(b) Estimated annual value of power gained by raising water sur-
face from Elevation 400 to 405.5 upon the assumption that 90 per cent
of the primary and 55 per cent of the secondary power is salable at
the rate of 4 mills per kawv.h.:

[ncrease in revenue from primary POWer————— ——————m——-—ome—mmomT o $108,000
Incrense in revenue from SECONAATY POWET— oo e e 30,600
Total annual increase in rEVeRUE —————— === —smmo— e === $138,600

(Giross annual return on the investment == 138,600—:—565,000=‘24.5%

No estimate was made of the inereased returns that would acerue by
raising the normal storage elevation from 392.5 to 400, as no power

study-was made for water surface at elevation 392.5, but the amount
would be considerably in excess of the $138,600 shown above.
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Main canal between diversion dam and Mooney Island power
plant. In the study of economies of the Mooney Island power plant
various estimates were prepared of the probable cost of the canal to
that point. A summary of the studies will be found in Statement A
under “‘Summary of Financial Considerations’’ following this analysis
of estimates.

(a) General considerations. Maxinmm high water in the river
reaches an elevation approximately 27 feet above low water, and since
it is not practicable, on acconnt of the topography, nor desirable con-
sidering tail water at the Tron Canyon power plant, to divert at an
elevation of more than about 15 feet above low water, there would be
required a high water dike for the protection of the canal, gradually
decreasing in height to a point near Mooney Island Slongh, where the
regular bank of the canal extends above high water in the river.

Were the canal to be lined for a capacity including water for power
development at Mooney Island the difference in excavation between
this seetion and a lined section not carrying power water wonld be
slight on aceount of the material required in the eonstruefion of the
high water dike, and the difference in cost of a lined eanal with, or
without, power would consist mainly in the difference in cost of the
lining. With an unlined canal carrying power water in addition to
irrigation wafer, the excavation wonld be greatly inereased, but even
then the unlined canal would result in a material saving of cost, as
will be shown.

(b) Saving effected by building diversion dam to raise water
surface 15 feet. An unlined canal with bottom width 38 feet, water
depth 16.0 feet, slopes 1§ :1, grade of .0001, having a capacity of 2833
second-feet, to carry irrigation water only, and without a diversion
dam other than a low weir for the control of the bed of the river at
point of diversion, would require 3,164,290 cubie yards of excavation.
Due to great depth of this section below the top of the high water dike,
a large amount of second handling of material excavated would be
required. The per cent of gravel and the chanee of enconntering hard
strata would be greatly increased. (onsidering these factors it is
doubtful that the unit cost would be less than $0.40 per cubie yard,
mwaking a

Total of > e e Ay bR $1.2635,7T16

Right of way, 115 acres uat $150_ oo 17,250
$1,282 966
Ilngineering and administration. O e i ik 128,296

$£1,411,262

Oontingencies, 5%~ e 211,688
POtEL Gl oo e e e $1,622,950
Diversion works—BEstimate No. T e e e o 630,000
Potd - e e Nz $2.252,950

Considering a diversion dam constructed fo raise the water surface
15 feet, but with no allowance made for power at Mooney Istand, the
total excavation for the unlined canal 15 feet higher amounts to
763,000 cubie yards, with 212,740 cubic yards of borrow in addition,
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required for completing the high water dike. There would be a very
small amount of second handling of material excavated and the per
cent of gravel excavation would be greatly decreased, but fo cover
possibility of encountering hard strata, this excavation is estimated at
$0.30 per eubie yard, with $0.15 per cubie yard for borrow, making a

Total for exeavation OF oo oo e $260,810
Right of way, 115 acres at $150 -~ ox 17,250

Fugineering and administration, 0% e

Contingencies, 109 ———— oo eee- S

Potal canml  —oao e e
Diversion works—Istimate No. 6 oo

Total e e —————————————e 81,684,745
The saving effected by building the diversion dam fto raise the
water surface 15 feet is, therefore e 2 SH68,205

(¢) Reduction in cost of pumping effected by building diversion
dam to raise water surface 15 feet. In addition to the saving
of $568,205 effected by the construction of the diversion dam there is
a saving in the cost of power required for pumping water to the Red
Bank pump eanal since the construetion of the diversion dam results in
a reduetion of 15 feet in the lift, the saving in power amounting to
1,980,000 k... per year. At $0.01 per k.w.h. the monetary saving
would be at the rvate of about $20,000 a year, or a total ol $400,000
in the twenty-yvear peviod during which construction costs are assumed
to be repaid. This is 27 per cent of the estimated cost of the diversion
dam built without provision for power developmet at Mooney Island
Slongh, as shown in Preliminary Kstimate No. 6. In Statement A
which follows no consideration is given to the above item of economy
for the reason that the saving is one which may be assumed applicable
to the cost of operation rather than to cost of construction.

In all disenssions of the value of power that have been presenied, it
has been assumed that the output would be so'd, at the switchboard,
to one of the distributing eompanies. It has also been assumed that
power for pumping would be vepnrchased at $0.01 per kwh. Any
other method of handling the disposition of the power will alter the
estimates made.

(d) Increased cost to build the first 4.7 miles of unlined canal
to include power water. In order to include water for development
of power at Mooney Island, the capacity of the canal mnst be more
than donbled to carry 6578 second-feet (see Plate 25). The excavation
for an unlined canal would be increased fo 2 012,267 cubie yavds, with
abont 50,000 cubic yards of borrow. On account of the large amount
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of second handling of material, this excavation has been estimated af
§0.35 per cubie yard, and $0.15 per ecubie yvard for borrow, making a

L R S SR ASATE L e mue W Pt PRI Y W5
Righe of way, 19084 sovesdt-®to0_ — s 29,760

ST41.555
Engineering und administration, 100 T T4,155

G R, | G e e

Total cawval e e e e $D88,065
Diversion works, Estimate No. 4 ~tpel L b, et i ~ 1,410,000

Total sy = = e - R2.348,055
The increased cost of constrnction due to building the first 4.7
miles of unlined main eanal to inelude power water is, theretore_  SG17.770

(¢) Saving effected by building the first 4.7 miles of canal, carry-
ing irrigation and power water, unlined. In the plan most favor-
ably considered it is proposed to build the main canal to include irriga-
tion and power water between the diversion dam and Mooney Island
power plant unlined for the reason that there is no assnrance that a
lined canal could be weeped sufficiently to prevent flotation of the
lining. This is particularly 1rue of a canal diverting at river grade,
i whiel case the bottom of the canal would be below low water level,
but in either ease it would be below high water in the river. If lined,
veinforced conerete not less than 4 inches thick would be required. An
estimateé was prepared of a lined canal to Mooney Island Slough with
a 47-foot bottom width and designed fo carry a 16-foot depth of water,
for comparison with the unlined section. DBoth seetions are shown on
Plate 25. A summary of the estimate for the lined canal is as tollows:

Exeavadion — = -3 089,400 cubic yards at S0 . S296.820
dorrow _ . _.179.500 cubiec yards at (- By .
Reiuforeed lining —___ 33,784 cubic yards at  19.00__ ___

Right of way. 170.1 acres a 100

S991,156

Engineering and administration, 109¢. . ~ oo 2 99,115

$1,090,271

Contingeneies, 15%. e e e L 163,540

ey o JRIL L B TSR T St s RO S LT S Dt it $1,253.811

Diversion works—Hstimate No. S o 1,410,000

L T N e e g sl 82,663,800

The money saved by building the canal with capacity to inelude
power water as far as Mooney Island Slough, unlined, is therefore esti-
mated to be $315,745.

Scepage loss in the 4.7 miles of nulined canal is of minor considera-
tion since the total seepage loss, caleulated upon the basis of 1.5 feet
in depth over the wetted canal surface, is only about 75 second-feet, or
1.15% of the capacity of the canal.

(f) Increased cost to build the first 4.7 miles of lined canal to
include power water. The cost ol construneting a lined canal between
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the diversion dam built to raise the water surface 15 feet and Mooney
Island power plant, but to carry irrigation water only, was estimated
for comparison with the lined canal enlarged to carry power water.
A canal section was considered having a bottom width of 35.0 feet,
water depth 12.6 feet, side slopes 13:1, grade of .00015, and a rein-
forced concrete lining 4 inches thick. The estimate is summarized
as follows:

Excavation e 533,000 cubic yards at 6030 .. $159.900
BTN e 437,600 cubic yards at (i T —— 65,610
Lining, reinforced_____ 24,696 cubic yards at 19.00____. —— 469,224
Right of way———— - 115 acres st 15008 . 17,250
£712,014

Engineering and administration, 10¢%_________________________ 71,202
R783,216

(b Ty e g S S S e S S 117,484
O = o e A e e e e e o .. $900,700
Diversion works—IEstimate No. 6. ____ 1,333,000
OS] s e i e e e e R AR D O G

Considering lined canals, the cost of including water for power
development would, according to the estimates, be $430,100. A lined
canal was not adopted. The figures are given for comparison only.

Power used in pumping to project areas. Since in the present
plan it is proposed to supply by pumps much of the land that under
the plan proposed in the 1920 report would have been served by
gravity, it i1s proper to compare the amount of power consumed in
pumping with the power that is gained by making all the water used in the
irrieation of the project available for power development at the storage
dam. As shown in Table 18 the average annual gain in power would,
for the yvears of record of river discharge, have been 94,313,700 k.w.h.
Power required for pumping projeet water, as shown in Table 26, is
18,865,000 k.w.h. per year. 'The balance in favor of pnmping is there-
fore 75,448,700 k.w.h. per year. If it is assumed that all of this balanee
is secondary power, 55 per cent of which might be sold at 4 mills per
k.w.h., the average annual revenue gained would be approximately
$166,000. In addition the Red Bank diversion makes possible the
Mooney Island power plant and any profits that acerne from that
source must be placed as a eredit to the plan of the low line canal.

If the 15-foot drop just below Mooney Island power plant were
utilized for the development of power, the results would be abont as
follows :

Total project water passing per year——__ . 68,000 acre-feet
Potential power at 80% efficiency . ______. - -8,500,000 k.w.h.
July-output, 22% of Sepsowalo - 1,870,000 k.w.h. or

2,500,000 h.p. hes.
Equivalent to 3360 L.p. installed eapacity.

This amount of power is 45 per cent of the total power required
for all project pumping shown in tables 26 and 27, but it wonld be
of no particular value until the secondary power developed at the ITron
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Canyon plant had been absorbed in the market. This is shown
graphically on Plate 10 on which, for the plan considered best (fourth
column of graphs from the left), it is indicated that, in an average
vear, all of the project pumping load is supplied by scecondary power,
with the exception of a very small amount in the month of September.
1t 18 not probable that development of power at the drop, to supply
energy for pumping in the extremely dry years, would be a paying
proposition.

Other drops on the main canal might, in the final canal location, be
combined in one drop and utilized in the development of additional
power.

SUMMARY OF FINANCIAL CONSIDERATIONS.

A summary of the studies showing the economy of building the
diversion dam to raise the surface 15 feet; constructing a power plant
at Mooney Island Slough; and building the first 4.7 miles of main
canal to the Mooney Island power plant unlined is shown in State-
ment A

STATEMENT A.

Summary of Various Economic Studies Made of Diversion Works, Mooney Island
Power Plant and Main Canal Between Them,

Diversion works—

Water Surface Elevation 250 without power, Estimate No. 6 $1,333,000
Water Surface Elevation 235 without power, Kstimate No., T- 630,000
Increased cost to raise water surface 15 feet_ - . i $702,000
Water Surface ISlevation 250 with power, Iistimate No. 4. ____ $1,410,000
Water Surface Ilevation 250 without power, Kstimate No. 6. 1,333,000
I.m‘l't"dsed cost fo divert power wWater. o e o _— $77,000

Main canal to Mooney Island power plant—
Water Surface Elevation 2335, unlined, without power- .- - . ________ $1,622,950
Water Surface Klevation 250, unlined, without power_________ o e 35 5

Saving effected by raising unlined canal 15 feet

Water Surface Wllevation 250, lined, without power__________.__ 5
Water Surface Ilevation 250, unlined, without power—____ . _______

Saving effected by raising unlined canal 15 feet

Water Surface Elevation 250, lined, with power— . ___
Water Surface Elevation 250, unlined, with power—__________ e

Saving effected by building unlined canal, with power— . ___
Diversion works and unlined canal to Mooney Island power plant combined—

Water Burfare Bievation 23§, witheut pewer... — . e . $2.252,950
Witter Sutlace  Blevation Bh0, Witholll DOWER e ale L doe mmo o am s s 1,684,745
Saving effected by raising canal 15 feet . __ $568,205
Water Surface Blevation 250, with powers. —— o . . 32,348,055
Water Surface Elevation 250, without power——____ ___ __ __ __ _____ 1,684,745
Increased cost to provide for power water . . __ s H060,910
Diversion works, unlined canal and Mooney Island power plant combined—
Increased coust to provide for power water = -~ $663,310
Mooney Island power plant, Estimate No. §__ = e 928,000
Total cost chargeable to power development at Mooney Island
R e e T $1,591,310
Revenue from Mooney Island power plant—
Gross annual revenue at 4 mills per k.w.h., Table 25_. . ______ ——— $213,600

Annual plant

arge, Estimmate No. 8, plus half of depreciation of
radial gates, -

BEstimate No, 5o v e e e e e 47,150

§A 7% ol aga T3 i o s 1L S i e e e e $1606,460
Retinn'on fovesbmant of $1.891,8 000 c o e e 10.5 per cent
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The above comparisons show that a saving in total construetion cost
is effected by building the diversion dam to raise the water surface 15
feet, and that the construction of the Moouey Island power plant will
result in economy.

STATEMENT B.
Summary of Estimated Cost, Power Output and Revenue.

(a) lron Canyon reservoir and power plant.

Cost exclusive of depreciation on concrete in dam during construetion repayment
period.

Total cost, Iron Canyon Dam and Reservoir:

Dam and power plant, Estimate No. 2__ $19,875,000
Reservelr right of way, Hstimate No, 1 oo o 4,847,500

FUHIE i e b S s i e s i N g i Y $24, 7"'.3,500
Annual rer:'lyment.~, e S S T T T e i W M e w o 1,238,625

Power output, see Table 23,
Average annual gross primary power, 330 “0 000 k.w.h,

Average annual salable primary power, 90 ot oo ) e ---297,650,000 k.w.h
Average annual gross sccondary power, 254, 170 000 k.w.h.
Average annual saluble secondary power, 55% "af O e 139,794,000 Ik.w.h.

Average annual total salable power— . o ___ __ 437,414,000 k.w.h.

Estimated Annual Revenue.

Hale pricaper kow.hi. . o uvireiienrenen e T Yo £0.0025 20,004 ‘ §0.0045 ‘ 80.005 ’ 0,006

s . e sl [ 5

Gross revenue [rom power at indicated sale pnm.. Vs | { nb $1,068,498 %2 187,220 | $2,624,6G4

Annual power plant charges, Estimate No.3............. 205,390 265,390 | 265,390 265,390

IR TN 6 < & TR el m i 4 g s e §1,205,06¢ |81 484386 |£1.703,108 £1,921,830 82 ,b) 274
Annual repayment on construction cost of reservoir and [ | |

DO DIBE . = 2L A b fa s i e ST e i e s | 1 1,238,625 | 1,238,625 | 1,238,625 | 1,238,625 1,238,625
Annual surplus w.nllbln, for 1-<Lymcut of uthcr pruu(f | |

charges. ... .. [ 237,039 | S245761 | S464,483 | $083,205 | £1,120,049
| | |

(b) Diversion dam, Mooney Island power plant and main canal between them to
provide for power water.

Cost exclusive of depreciation on concrete (except in superstructure of powerhouse)
during construction repayment period.
Total cost, diversion dam and canal to Mooney Island, chargeable to

power :
A T AR i T . e e $663.310
Mooney Island power plant, Kstimate No. 8 __ . __ 928,000

Total construction cost for Mooney Island power development_ $1,591,310

Annual repayments, | e ey A e T - 565
Power output, see Table 25
Average annual gross power, all primary—-ee— oo oo 59,333,000 k.w. h
Average annual salable power, all primary, 90% of gross___________ 53,400,000 k.w.h

Estimated Annual Revenue.

\

Hale price per kw.h. ..., ... £0.0035

§0.001 | £0.0045 | £0.003 ’ £0.006

Gross revenue at indicated saloprice. . .......c..oonion.. ‘ £186, ”UO 213,600 | 5240,300 | 267,000 ‘ $320,400
Annual plant eharges, Estimate No.9....................| 47,130 47,150 47,150 47,150 47,150
T S M (R B I 103,150
Annual construction repayments. .. ........ooiiiaan, 79,565 | 79,565
Balance applicable to other projeet charges. ........ $60,185 | $86,885
Repayment charges on remainder of diversion dam and canal

§113,585 ‘ $140,285 } ‘I“ri r;‘-m

to Mooney Islund, 5 per cent of 81,684,745, Statement A.| 84,237 ‘ 84,237 84,237 84, “37 &4, 237
Annua! surplus from Mooney Island plant avaiiable for |
payment of other projeet eharges. . ............. *824,052 32648 520348 £56,048 | $100,448

*Deficit.
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(c) Annual surplus revenue, Iron Canyon and Mooney Island power plants combined.

|
Sale price per kw.ho. ... . iiieneeee. .| $0.0035 £0.004 ‘ £6.0045 £0.005 20 006
e T T S e S| £27,039 | 3245761 X $083,205 | §1,120,64%
Mooney Island .. ... ROR e s R Tl 2,648 | 56,048 100,448
Total cambined surplus available for payment of olh('r‘ |
ProJect CRATEES . . o.vvovnmonina e $2.987 | $248.400 | $493,831 ‘ £730,253 | $1,230,097
|

*“Deficit.

Item (¢) of Statement B indicates that upon the basis ol twenty
equal anunal repayments of construction costs, without interest, the
revenue derived from the sale of power venerated at the two project
plauts would be sufficient to meet the construction cost of Iron Canyon
reservoir and power plant, the diversion dam, Mooney Island power
plant, and the main canal to Mooney Island power plant; and in addi-
tion would be sufficient to pay the cost of operation and maintenance
of the above varions feafures, except depreciation on concrete in the
storage and diversion dams, and still leave a surplus which could be
nsed to help meet the repayment of the construction cost of the balance
of the project.

Taxes. In the following discussions, which involve the cost of
operation, mainftenance and the annual repayment of construction
charges, no account is taken of state, county or any other taxes which
might be assessed against the land.

Depreciation on concrete. [n all of the cost analyses deprecia-
tion on conerete, with the exception of that in the power house super-
structures, is excluded during the period of repayment of construction
costs with the idea of reducing the burden on the landowners during
the early vears of project ope ation. 1t is believed that this point of
view is justified for the reason that at the time the construetion costs
are fully repaid there should be a large vevenue from the sale of
power, more than ample to build np a sinking fund toward the replace-
ment of conerete structures. Any departure from this viewpoint will
alter practically all of the figures. )

Estimated gross cost of project. Table 28 iy a summary of esti-
mated gross cost of the project based upon the assumption that power
would be developed at Iron Canyon dam and at Mooney Island Slough;
that the diversion dam at Red Dank Creek would be built to raise the
water surface 15 feet; and that the main canal between the diversion
dam and Mooney Island power plant would be built unlined with a
capacity to carry both irrigation and power water.
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TABLE 28. ESTIMATED GROSS COST-—IRON CANYON PROJECT.
Gross area of project, 276,900 acres.

Repayment in 20 equal annual instaliments without interest, assessed at the same rate per acre against 95 per cent
of the gross area or 263,05 and contingencies. No credits have been allowed

055 acres. Costs include o_verheud'thnrg; !
for receipts from power sules. For net costs including eredits for receipts from power sales, sce Table 20,

| | Gross casts per acre
Item Reference Gross cost —_—

|
| Total Annual
1. Tran Cauyon reservair and power plant. ... ... Estimates 1 and 2. 324,772,500 ‘ £94.17 .71
2. Diversion dam. . ... .oocvenarnmoan e e Estimnte4....... 1,410,000 5.36 .27
3. Main eanal to Mooney Island.......... ... mate 10. ... . 938,055 | 3.56 18
1. Mooney Island power plant. ........... . ‘ 3.53 a7
Subtotal, items 2, 3and 4. ..o \ | $12.45 \ 50.62
Subtotal, items 1,2, 3and 4. .. .. e oris 1 2 106.62 5.33
5. Main canal below Mooney Island, exclusive of lining. .| Estimate 10, .. ... 04| £1.10
6 MaiucanaliniRg. . . ... oo com e et Fstimate 10. ... .. 3. 1.49
7. Red Bank pumpeanal . .. .........ccoo0 oot Estimate 11...... 4. \ .21
8. Red Bank pump nlants. ... Lstimate 12, 1.7 .09
. Remainder of pump plants. .. ... Estimate 12. . | 1.89 .09
10. Carriage for pumnp areas near Qrland projeet. o] Plget® C o s 1.32 07
11. 7,000-acre Bast Sule, A o S it vov..| Estimate 14.. ...| 134,000 .al .02
Subtotal carringe SyStenm. .. .oooooceeononeaeni i £16,170,787 S01.47 $3.07
12. Project administration baldiogs. . jo-oiciammann s Estimate 15. & £83,500 ‘ £0.32 £0.02
13, Distribution system. . ........ooooieeieess e PageIBL. s ‘ 7.811,650 | 30.00 1.50
14. Drainage system. .. ...... - o493 Page 130, ... . 3.045 825 o
Total construction items 1 to 14, inclusive.......} ... £50,140,317 |
13. Operation and maintensnee canals and laterals. .. .. | Page L ;
16. Operation and maintenance pumping plants. . ....... O e, P
17. Depreziation on flood cantrolgates, Iron Canyon dam. | Estimate 3. .. $00,735 per yr.
18. De tion on mets] work at diversion dam, except
2900 charged 10 POWET. .. .. ..oovvocaaan oo .| Estimate 5 |£19,200 per yr. | ins
Total gross cost per acre per year......... ' ................ o i o ] $13.67

Estimated net cost of project. In arriving at the probable net
cost of the project, account should be taken of the surplus derived
through the sale of power. ltems 1, 2, 3 and 4 of Table 28 are not only
self-supporting, but, as shown in Statement B, yield a surplus which
may be used to help pay the cost of other items. Applying the surplus

in this manner results in reducing the cost of the project, as shown in
E
Table 29.

TABLE 29. ESTIMATED NET CONSTRUCTION AND OPERATION COSTS,
IRON CANYON PROJECT.

- 1l;lx«:lusi\'c of depreciation on conerete, with exeeption of that in power house superstruotures, as noted on page 140.
a) Project cost.

h’nlcpr'\cgquom‘rmrk.w.h. R ol e O A F e W et WA S | $0.004 £0.0045 [ 005
L T e et | s36140317 | $36.140317

28,048

298001762 |
9,376,620

2 | 818215142

Self-supporting features, items 1 tod, inelusive, Table 28.......-..

Cost of balance of vroject, items 5 to 14, inclosive, Table 28 .
Annual sarplis accumulated for 20 years, item () Statement B. .. ..

Net cost of project . . $13,306,702

{b) Net ecost per acre assumed to be assessed equally against 263,055 acres

Net cost of project

* | Per acre
Sale price of

power
rg‘;:;;l';ﬁ'{s 1 20 annual installments
[ota
| | . | Operationand = Depreciation y
‘ : ‘ - Constraction maintenance ongates | Total
$0.004 l $23,123,582 $87.90 $1.40 $2.70 $0.30 ‘ $7.40
0045 18,215,142 69.24 3.46 2.70 .30 6.48
.005 l 13,306,702 50.59 2.33 2.70 .30 5.53
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Comparison of cost of various units of the project. In making
this comparison the cost of items 1, 2, 3 and 4, Table 28, which are self-
supporting, will be omitted and for simplicity, the comparison will be
made upon the basis of gross construction costs and these costs will in
turn be shown in Table 30, which is a summary of the net cost of the
various units including operation, maintenance, depreciation and eredits
{from the sale of power.

The total eost of the main canal on the west side of the valley, south
of Mooney Island power plant, is shared alike by gravity and pumping
areas, with the exception of the Red Bank pump unit which is con-
sidered separately. The estimated cost of the main canal below Mooney
Island is:

Items 5 and 6, Table 28 ____ e e et e st $13,651,800
Total project area, Plate 2_ ~_ 276,900 acres

1Sast side gravity aref - o—e-cemmm—mmem————m—— 7,000 acres
West Side ATeR— oo o e e __ 269,900 acres
Red Bank pump aréd.—— . .- 39,350 acres
(iross area served by main CABEE e re g SO, D0 ACTEN
Area assessed, 950~ —cmmmmm—m—m———m o e 219,025 aCreS

Cost per acre $62.33, or 20 installments of ;:’,-.12,

(a) Whole project, based upon the assumption that the total
construetion cost will be assessed equally against 95 per cent of the
gross project area.

Construction cost, items 1 to 14, Table 7 (O <5 s S S S SOt SR BT $56,140,317
Self-supporting features, items 1to4, Table 28 e 28,048,555
Balance of project, items 5 to 14, Table 28 $28,091,762
Cost per agre, items 5 to 14, Table 28— 106.79
Annual repayment per acre on basis of 262 5.34
(b) West side gravity lands.
West side area served by main canal .. oo 230,550 acres
Pumping arcas other than Red Bank unit, Plate 2~ ———— o 55,116 acres
Gross area served by gravity - e e 175,434 acres
Gross ares assessed, 95%——————— e -t —mmmmsm e o mmmT e 166,660 acres
. ‘ Cost per 20 annual
Ttem acre installments
(lonstraction cost of main canal as previously shown for 219.025 acres. ... ..oooooeeen £62.33 £3.12
Distribution system, Table28. . ... .......cviiinnnennn - =y 30.00 | 1.50
Drainage system, Table 28 . ... .. A PR I ) a2 8 15.00 75
Project administration buildings, Table28...... RN e —— — .32 ‘ 02
Total construction cast, assessed against 166,660 acres. ......oovvive oo \ £107.65 £5.39

(¢) Red Bank pump unit. The Red Bank pump unit is prac-
tically a distinet project, not depending npon the main eravity canal.
While the diversion dam is utilized to effect a saving of 15 feet in tlie
lift, this feature is not essential. It does, however, reduce the power
requirements, which would be 27 per cent greater if the intake were at
the present river level.
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(= e T R TR N S e S L IR s o 39,350 acres
Gross arca assessed, 95 pe: Ccent__ __ e e R SR SN 37,380 acres
|
= ! Cost per 20 annual
alaost | .
[tem ‘ Fatal cost acre installments
Pump canals, item 7, Table 28. ... ....... ...... e R ‘. 41,088,132 $20.12 21, {l)
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