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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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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.
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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.




&

36

WATER RESOURCES OF CALIFORNIA,

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
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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.”



DEVELOPMENT OF UPPER SACRAMENTO RIVER. )

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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